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Abstract: The direct conversion of fibroblasts to induced dopaminergic (iDA) neurons and other 
cell types demonstrates the plasticity of cell fate. The low efficiency of these relatively fast 
conversions suggests that kinetic barriers exist to safeguard cell type identity. Here we show that 
suppression of p53, in conjunction with cell cycle arrest at G1 and appropriate extracellular 
environment, markedly increase the efficiency in the transdifferentiation of human fibroblasts to 
iDA neurons by Ascl1, Nurr1, Lmx1a and miR124. The conversion is dependent on Tet1, as G1 
arrest, p53 knockdown or expression of the reprogramming factors induces Tet1 synergistically. 
Tet1 knockdown abolishes the transdifferentiation while its overexpression enhances the 
conversion. The iDA neurons express markers for midbrain DA neurons, support dopaminergic 
transmission, and extend arborization and synaptic connections when grafted in rat brains. Our 
results suggest that overcoming these kinetic barriers may enable highly efficient epigenetic 
reprogramming in general and will generate patient-specific midbrain DA neurons for 
Parkinson’s disease research and therapy. 
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Abstract: Parkinson´s disease (PD) is the second most common neurodegenerative disorder 
characterised by non-motor symptoms like hyposmia or depression, and motor symptoms like 
resting tremor, bradykinesia, akinesia, rigidity and postural instability. The progressive loss of 
midbrain dopaminergic neurons (mDANs) of the substantia nigra pars compacta is the main 
pathology causing these motor symptoms. Conventional therapies only achieve temporary 
symptomatic relief. However, no neuroprotective treatment exists yet that halts or even 
counteracts the progression of the disease. Consensus is growing that this failure of bench-to-
bedside translation can be attributed to the lack of appropriate preclinical PD models. The 
generation of patient-specific mDANs offers an attractive tool to model PD in vitro. This novel 
model can be used to further understand disease processes, and to screen for compounds for 
neuroprotective therapies. For such approaches it is a requirement that in vitro-derived mDANs 
are as similar as possible to their in vivo counterparts. This similarity includes the expression of 
midbrain specific markers, electrophysiological functionality, morphology, and dopamine 
production. During embryonic development, the patterning of mDANs is a carefully balanced 
process that is defined by a precise timing of inhibiting or inductive cues produced by organising 
centres. In the here described project, we established a novel highly efficient mDANs 
differentiation protocol by modulating developmentally regulated pathways, similar to the in vivo 
mDANs differentiation process. In our novel protocol human induced pluripotent stem cells 



(iPSCs) are regionalized toward a midbrain neuroepithelial stem cell (mNESCs) fate by 
mimicking sonic hedgehog (SHH) signalling, wingless-type MMTV integration site (WNT) 
signalling and the fibroblast growth factor (FGF) pathway. This derivation process is conducted 
under hypoxic conditions. The thereby obtained mNESCs are able to self-renew and can be 
efficiently differentiated into tyrosine hydroxylase (TH) positive dopaminergic neurons. 
Moreover, immunostainings of differentiated neurons reveal the expression of the midbrain 
markers forkhead box A2 (FOXA2), LIM homeobox transcription factor 1 (LMX1), nuclear 
receptor subfamily 4 group A member 2 (NR4A2, also known as NURR1), and engrailed 1 
(EN1). We conclude that our novel protocol for in vitro derivation of midbrain specific 
dopaminergic neurons mimics the according in vivo developmental process. This new protocol 
represents an attractive starting point for the utilization of patient-specific cells for in vitro 
modelling of PD. 

Disclosures:  K. Hemmer: None. J.C. Schwamborn: A. Employment/Salary (full or part-time): 
Braingineering Technologies s.a.r.l.. 

Poster 

581. Modeling Neurodegenerative Disease from iPS Cells 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 581.03/A3 

Topic: A.03. Stem Cells and Reprogramming 

Support: NIH/NINDS; R01 NS085011 

Title: Developing iPSC-derived neurons for studying the regulation of SNCA expression by 
miRNAs in relation to Parkinson's and Dementia with Lewy body diseases. 

Authors: *L. TAGLIAFIERRO, M. W. LUTZ, O.-C. GLENN, O. CHIBA-FALEK;  
Neurol., Duke Univ. Hlth. Syst., Durham, NC 

Abstract: Synucleinopathies are a group of neurodegenerative diseases that share a common 
pathological lesion of intracellular aggregates, named Lewy Bodies, composed mainly of α-
synuclein protein encoded by the SNCA gene. Genetic studies have implicated SNCA in the 
etiology of these diseases. This study focuses on two diseases in this group: Parkinson’s Disease 
(PD) and Dementia with Lewy Bodies (DLB). Both are characterized by α-synuclein aggregates 
in the neurons, however they have distinct characteristics with respect to the cell type containing 
the aggregates and the predominantly affected brain region. Specifically, dopaminergic neurons 
are primarily affected in PD whereas DLB is defined by aggregates in cholinergic neurons. Our 
goal is to explore common and distinct regulatory mechanisms of SNCA gene expression in the 



context of these pathologies. It has been suggested that SNCA expression levels are critical for 
the development of synucleinopathies. Gene expression levels are affected by different factors: 
genetic, epigenetic, environment, gender, and age. Our lab aims to explore the genetic regulatory 
mechanisms underlying SNCA expression levels that include cis and trans-acting factors. This 
work focuses on the regulation of SNCA by microRNAs (miRNA). Towards this goal, we 
established a model system of induced Pluripotent Stem Cell (iPSC)-derived neurons from a 
subject with normal Karyotype and from a patient with SNCA-triplication. These two iPSC lines 
were differentiated into dopaminergic and cholinergic neurons to model PD and DLB, 
respectively, and the analysis of miRNAs was performed for each neuronal type at four 
differentiation stages: iPSCs, Neural Precursor Cells, final neurons, and aged neurons. miRNA 
are known to regulate gene expression via interactions with Untranslated Regions (UTRs). A 
computational analysis using TargetScan identified five miRNA binding sites in SNCA 3’UTR. 
Evaluation of the miRNA expression profiles revealed distinctive pattern between the 
dopaminergic and the cholinergic neurons and along the differentiation stages of each neuronal 
type. SNCA mRNA levels have been measured at all differentiation points of the dopaminergic 
and cholinergic neurons, and were correlated with the miRNA profiles. Experiments of genome 
editing using CRISPR/Cas9 technology are underway to evaluate how cis-variants modulate 
SNCA expression via their interactions with the trans-acting factors. In conclusion, we developed 
an isogenic iPSC-based model system to better understand the cis and trans acting factors that 
contribute to the regulation of SNCA expression in the context of PD and DLB. 
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Abstract: Numerous neurological conditions including neurodegenerative and psychiatric 
disorders such as Alzheimer’s disease and clinical depression are characterized by synaptic 
dysfunction and cognitive impairment. Long-term potentiation (LTP) is a persistent 



strengthening of synapses between neurons that is considered to be one of the major cellular 
mechanisms underlying memory and learning. Disease modeling and drug discovery approaches 
would benefit tremendously from human cell-based platforms to study LTP in disease. Human 
induced pluripotent stem cells (hiPSC) offer such a system in that they circumvent issues of 
species specificity, are scalable, and can carry complex genetic backgrounds, which is especially 
important for modeling diseases with high heritability. Here we present a platform to study LTP 
in neuronal networks comprised of hiPSC-derived neurons. Using either iCell® DopaNeurons or 
in-house generated hiPSC-derived cortical neurons co-cultured with human primary astrocytes, 
we developed a procedure that supports neuronal network formation on 48-well multielectrode 
arrays. Analysis of spontaneous electrical activity shows that an initial phase of primarily single 
spike firing is followed by synchronized bursting indicating development of functional neuronal 
networks. At 4 weeks after plating, 84% of the electrodes recorded spontaneous synchronized 
bursting events wherein most of the neurons in the network spiked together. At this point, the 
cultures were exposed to forskolin and rolipram to trigger LTP by increasing intracellular cyclic 
adenosine monophosphate levels, resulting in a significant increase in the number of network 
bursts that lasted up to 7 days after washing off the drugs. Long-lasting maintenance of LTP 
requires de novo gene expression and protein synthesis. Ongoing studies include expression 
analyses of transcription factors and signaling molecules that regulate enduring LTP. In 
conclusion, we have developed a robust, medium-throughput platform to study LTP in hiPSC-
derived neuronal networks. This technology will allow for disease modeling and drug screening 
of disease-relevant cell types on patient-specific genetic backgrounds. 
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Abstract: Neonatal hyperbilirubinemia targets specific brain nuclei and can lead to kernicterus. 
One of the most vulnerable brain regions is basal ganglia, especially the globus pallidus (GP). A 
debilitating symptom of kernicterus associated with GP damage is dystonia. Stem cell 
transplantation has been suggested to effectively improve motor function in basal ganglia-related 
diseases such as Parkinson’s disease and Huntington’s disease. We believe that targeting affected 
brain regions with neuronal stem cells is a promising therapeutic approach for treating dystonia 
in kernicterus. It is unknown, however, how elevated bilirubin levels in the brain will affect 
neural progenitor cell survival and functional development. In this study, we injected different 
subtypes of neural progenitor cells (resemble excitatory spinal cord interneurons or inhibitory 
basal ganglia neurons) into the basal ganglia of jaundiced (jj) Gunn rats and their nonjaundiced 
(Nj) littermates and compared cell survival, fiber outgrowth, and cell properties. Each animal 
received 10,000 neural progenitor cells (2.5µl) injected unilaterally at P20. Animals were 
perfused at P43 and 30 µm of brain sections through the injection site and the GP were collected 
for immunohistochemical (IHC) analyses for STEM121 (human cells), Ku80 (human cell 
nucleus), and hSYP (human-specific synaptophysin) expression. Our preliminary results 
indicated, 3 weeks after transplantation, neural precursor cells survived and migrated outside the 
injection sites in the striatum of both jj and Nj rats. Grafted neurons frequently formed abundant 
neurites. Some neurites extended toward the GP or cerebral cortex. Very long fibers traveling 
along the corpus callosum were also observed. However, there were only low levels of hSYP-ir 
staining identified on/nearby the outgrowth fibers of both jj and Nj brains, suggesting that 
synaptogenesis is impaired or still developing. We conclude that neural precursor cells not only 
survive within the basal ganglia of jaundiced rats, but they also form neurites. These results 
support the feasibility of neural stem cell injections for the treatment of kernicterus. Future 
investigation into the use of these cells as a possible treatment of dystonia due to kernicterus will 
focus on alternative stem cells lines with larger percentages of GABAergic and cholinergic 
neurons to more closely mimic the major cell types of the GP. 
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Abstract: Primary lateral sclerosis (PLS) is a neuromuscular disorder characterized by 
progressive weakness of voluntary muscles caused by the chronic degeneration of upper motor 
neurons in the central nervous system. The pathogenesis of PLS is largely unknown and its study 
is hindered by the lack of access of patient specific motor neurons which is pivotal for 
constructing in vitro disease models. Recent developments in the field of cell transformation 
make it possible to derive neurons from induced pluripotent stem cells which can be generated 
by transfecting other somatic cells with Yamanaka factors. However, generating iPSC is a time 
and labor demanding process and requires expertise in the field. We recently reported generating 
neural stem cells directly using peripheral blood cells which are clinical available. Here we 
aimed to directly generating motor neuron progenitor cells from clinical blood samples which 
can provide a large quantity of motor neurons for the in vitro study of motor neuron disorders. 
By transfecting enriched CD34+ cells from patient blood samples with Sendai virus containing 
Yamanaka factors (Oct4, Sox2, C-Myc and Klf4), we collected cells after five days of culture 
and transferred them to motor neuron progenitor cells media for another two weeks to make 
neural spheres. For motor neuron differentiation, the resulting spheres were then cultured on 
matrigel coated plates in motor neuron differentiation media for another 10 days. The resulting 
spheres and neurons were further immunostained for neural progenitor and motor neuron 
markers such as Nestin, HB9, ISL-1 and ChAT. We found that nestin-positive neural spheres 
were formed as early as one week after the neural induction and HB9 and ISL-1 positive spheres 
were formed two weeks after. These neurospheres were differentiated into ChAT positive motor 
neurons when cultured in motor neuron differentiation media. The whole process takes about a 
month and we believe this is a convenient and the fastest technique to generate motor neurons 
directly form clinical blood samples. The generated motor neuron progenitors could be very 
useful for in vitro modeling of motor neuron diseases such as PLS and potentially for developing 
neural transplantation therapies. 
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Abstract: Machado Joseph Disease (MJD)/ Spinocerebellar Ataxia Type 3 (SCA3) belongs to 
the group of polyglutamine (polyQ) expansion disorders and is the most prevalent autosomal 
dominantly inherited cerebellar ataxia worldwide. The cause of this progressive 
neurodegenerative disease is an expansion of a CAG trinucleotide repeat in exon 10 of the MJD1 
gene leading to an extended tract of repeated glutamines (polyQ) in the resulting Ataxin3 protein 
(ATXN3). Recent data suggest that either conformational changes of the expanded ATXN3 
protein and/or a loss of free available ATXN3 due to recruitment of ATXN3 into aggregates 
leads to the dysregulation of multiple cellular pathways such as ubiquitination or transcriptional 
regulation. Here we used induced pluripotent stem cells (iPSCs) to study the influence of 
expanded and/or lost ATXN3 on gene expression in patient-specific neurons. To that end we 
generated isogenic iPSC-derived neural stem cell lines, expressing either the normal 
(ATXN3cont), the expanded (ATXN3exp) or no ATXN3 (ATXN3ko) using CRISPR/Cas9-
mediated gene editing. By transcriptional profiling of neurons generated from these lines we 
identified several genes, which were dysregulated in ATXN3exp and ATXN3ko neurons. 
Among those we identified a cluster of genes, which was significantly downregulated in 
ATXN3exp and ATXN3ko neurons compared to their isogenic controls. Functionally, these 
genes are important regulators of cell homeostasis and participate in an array of protective stress 
responses. Consequently, we found that ATXN3exp and ATXN3ko neurons are more susceptible 
to several types of cellular stress. Our findings support that ATXN3 has an important role in 
regulating the cellular stress response and that an increased susceptibility towards stress 
contributes to the pathogenesis of Machado Joseph Disease. 
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Abstract: Expansion of a GGGGCC repeat in C9orf72 recently emerged as the most common 
cause of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD), making it a 
key therapeutic target. However, the neurodegenerative mechanisms underlying C9orf72 
ALS/FTD are unclear, limiting the identification of therapeutic strategies. To identify potential 
therapeutic targets and delineate pathogenic mechanisms, we established a model of C9orf72 
ALS using induced motor neurons (iMNs) generated by transcription factor-based 
reprogramming and performed a chemical genetic screen using neuron survival as a readout. 
C9orf72 patient iMNs, but not induced dopaminergic neurons, undergo accelerated degeneration 
(3 patients, 3 controls, p=.002) and possess the hallmark pathology of C9orf72 ALS. Removing 
the repeat expansion CRISPR/Cas9 editing fully rescues iMN survival. Thus, C9orf72 iMNs 
faithfully model ALS disease processes. From a screen of 1000 bioannotated small molecules, 
we identified three classes of molecules that rescue C9orf72 patient iMN survival without 
affecting the survival of controls, as well as one class that specifically accelerates C9orf72 iMN 
degeneration. We find that at least one class of therapeutic compounds rescues C9orf72 iMN 
survival by reversing a defect in endocytosis that causes aberrant upregulation of glutamate 
receptors on iMNs. By restoring proper glutamate receptor homeostasis, which is maintained in 
neurons through endocytosis, this class of molecules prevent C9orf72 iMN degeneration by 
excitotoxicity, which we find to be the major cause of neurodegeneration in our model. Verifying 
the relevance of these findings to patients, glutamate receptors are significantly upregulated on 
motor neurons in postmortem tissue from both patients and C9orf72 mutant mice, and neurons in 
C9orf72 mice undergo hyperactivation when exposed to glutamate in vivo. Thus, our results 
highlight the importance of early endosomal trafficking in C9orf72 ALS pathogenesis, and 
identify several potential therapeutic targets. 
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Abstract: Secreted factors play a central role in normal and pathological processes in every 
tissue in the body. The brain is composed of a highly complex milieu of different cell types, and 
few methods exist that can identify which individual cells in a complex mixture are secreting 
specific analytes. By identifying which cells are responsible, we can better understand neural 
physiology and pathophysiology, more readily identify the underlying pathways responsible for 
analyte production, and ultimately use this information to guide the development of novel 
therapeutic strategies that target the cell types of relevance. We present here a method for 
detecting analytes secreted from single human iPSC-derived neural cells, and have applied the 
method to measure Aβ and sAPPα, analytes central to Alzheimer’s disease pathogenesis. 
Through these studies, we have uncovered the dynamic range of secretion profiles of these 
analytes from single iPSC-derived neuronal and glial cells, and have molecularly characterized 
subpopulations of these cells through immunostaining and gene expression analyses. In 
examining Aβ and sAPPα secretion from single cells, we were able to identify previously 
unappreciated complexities in the biology of APP cleavage that could not otherwise have been 
found by studying average responses over pools of cells. This technique can be readily adapted 
to the detection of other analytes secreted by neural cells, which would have the potential to open 
new perspectives into human CNS development and dysfunction. 
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Abstract: Modeling Amyotrophic Lateral Sclerosis (ALS) with human induced pluripotent stem 
cells (iPSCs) or with transgenic mice aims to reenact embryogenesis, maturation, and aging of 
motor neurons (MNs) in vitro. Studies have identified molecular pathways affected by ALS 
conditions in both model systems as well as in post-mortem human MNs. However, the extent to 
which mouse ALS models faithfully recapitulate pathways observed in human MNs has not been 
closely examined. Additionally, the maturity of MNs grown in vitro compared to MNs in vivo 
remains largely unaddressed; therefore, it is unclear to what extent this in vitro system captures 
critical aspects of MN development and molecular signatures associated with ALS. We 
compared transcriptomes among human iPSCs, iPSC-derived MNs (iMNs), fetal MNs, and adult 
MNs, as well as orthologous tissues from mice. Principal component analysis produced a 
maturation scale revealing that iMNs were more similar to fetal tissue than to adult MNs. 
Additionally, we resolved gene networks and pathways associated with MN maturation and 
aging. During maturation, expression increased for axonogenesis, myelination, synaptic 
transmission, and immune response pathway genes and expression decreased for translation, 
mitochondrial electron transport, and DNA repair pathway genes. During aging, expression 
increased for proteasomal genes and, interestingly, expression decreased for immune response 
and amyloid catabolism genes. These networks enriched for familial ALS genetic variants and 
were also affected in familial as well as sporadic ALS MNs. Based on these principal component 
and gene co-expression network analyses, we developed a panel of twenty key genes that can 
accurately assess either the maturation or disease state of cell or tissue samples. Genetic and 



epigenetic analysis of regulatory features associated with co-expression networks revealed 
candidate pre- and post-transcriptional regulators of co-expressed genes that could be targeted to 
affect MN development, maturation, and disease. Lastly, we demonstrate that the global 
expression of orthologous genes involved in spinal cord MN fetal development and maturation 
are largely parallel between human and mouse systems, and gene co-expression networks 
associated with maturation are well-conserved between the two species. This analysis thus 
provides a more sensitive interrogation of gene-to-gene expression relationships underlying 
human and mouse spinal cord MN physiology. Altogether, our findings suggest that developing 
strategies to further mature and age iPSC-derived MNs will provide more effective iPSC models 
of ALS. 

Disclosures:  R. Ho: None. S. Sances: None. C.N. Svendsen: None. 

Poster 

581. Modeling Neurodegenerative Disease from iPS Cells 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 581.11/A11 

Topic: A.03. Stem Cells and Reprogramming 

Support: ALS Association 11000 GE232 

Title: C9orf72 als patient and control ipsc line-derived cortical neurons and astrocytes reveal 
diminished network activity when co-cultured with c9orf72 patient-derived astrocytes 

Authors: *V. J. GARCIA, G. M. THOMSEN, D. RUSHTON, K. WU, R. H. BALOH, C. N. 
SVENDSEN;  
Cedars-Sinai, West Hollywood, CA 

Abstract: Amyotrophic lateral sclerosis (ALS) is characterized by the loss of neurons in the 
cortex, brain stem and spinal cord, and also by the malfunction of astrocytes. Only ~10% of ALS 
diagnoses are attributed to a genetic mutation. A recently discovered mutation on chromosome 9 
open reading frame 72 (C9orf72) has been connected to approximately 40% of familial ALS and 
9% of sporadic ALS disease instances. This novel mutation provides a valuable opportunity to 
investigate ALS disease mechanisms. Here, we explored the physiology of astrocyte and cortical 
neuron co-cultures that were differentiated from C9orf72 patient-derived induced pluripotent 
stem cell (iPSC) lines or from control iPSC lines. Using microelectrode array, we evaluated 
combinations of disease or control astrocyte and neuron co-cultures, and found that astrocytes 
derived from control iPSC lines promote healthier network activity in both control and C9orf72-
derived neurons, when compared to diseased astrocytes or neurons alone. Using patch-clamp, we 



describe intrinsic, physiological properties of diseased astrocytes and cortical neurons. Further, 
we use two C9orf72 isogenic lines to evaluate the rescue of disease phenotypes. 
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Abstract: Retinal ganglion cells (RGCs) play an essential role in transmitting visual information 
from the eye to the visual thalamus in the brain. They are also the primary cell type affected in 
traumatic retinal injuries as well as optic neuropathies. Human pluripotent stem cells (hPSCs) 
provide an attractive source of cells that can be used for patient-specific cell replacement 
therapies, drug screening, and disease modeling. However, little is known about the functional 
maturation of these hPSC-derived RGCs. As such, the development of these neurons from 
hPSCs was evaluated over time, and methods in which to influence their maturation and 
functionality were tested. hPSCs were differentiated toward a neural lineage in a stepwise 
fashion as previously described, yielding highly enriched populations of optic vesicle-like 
neurospheres. Within 40 days of differentiation, presumptive RGCs differentiated in a 
temporally-appropriate manner and expressed a compliment of RGC-associated features as well 
as proper morphological features. In prolonged culture, subtypes of RGCs emerged over time, 
including melanopsin-expressing intrinsically photosensitive RGCs. The maturation of hPSC-
derived RGCs in extended cultures was observed by extensive neurite outgrowth, and the 
development of synaptic-like structures was further examined by microscopy and 



electrophysiology. Additionally, induced pluripotent stem cells (iPSCs) were generated from a 
glaucoma patient exhibiting an E50K mutation in the Optineurin (OPTN) gene, associated with 
degeneration of RGCs leading to normal tension primary open angle glaucoma. These cells were 
differentiated to an RGC fate and assayed for phenotypic differences compared to a wild type 
line of iPSCs. These results will facilitate the use of hPSC-derived RGCs to study the 
progression of neuronal development and degeneration, the development of drug therapeutics 
and the use of hPSC-derived RGCs for cell replacement therapies. 
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Abstract: Induced pluripotent stem cell (iPSC) models of Huntington's disease (HD) provide an 
opportunity to study the mechanisms underlying disease pathology in patient tissues relevant to 
disease. These human-based studies are critical, due to inherent differences in cortical 
development and timing between humans and mice. The most prominent cell loss in HD patients 
occurs in cerebral cortex and striatum. In transgenic HD mice, the electrophysiological signaling 
has been shown to be altered even before behavioral phenotypes are present. We therefore 
differentiated HD and non-diseased iPSCs into functional cortical neurons by recapitulating 
developmental events. The HD iPSC-derived cortical neurons display key electrophysiological 
and immunocytochemical phenotypes as compared to their non-diseased counterparts. 
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Abstract: Synucleinopathies comprise a group of neurodegenerative diseases associated with 
abnormal accumulation of α-synuclein, among them Parkinson´s Disease (PD) is the most 
prominent. One of the key factors contributing to the progression of synucleinopathies is 
neuroinflammation. Besides activation of the innate immune cells (CNS myeloid cells), adaptive 
immune cells are also thought to be involved in the immune response. However, the role of the 
adaptive immune system, especially lymphocytes, in synucleinopathies like PD remains largely 
unclear. To investigate how lymphocytes impact synucleinopathies, human wild type α-
synuclein (WTS) transgenic mice were crossed with mice lacking mature lymphocytes (Rag2-/-) 
to answer the question. Using this in vivo model, we determined α-synuclein aggregation as well 
as numbers of the innate and adaptive immune cells in the midbrain of the central nervous 
system (CNS). Compared to WTS+ Rag2+/+ mice, where T but not B lymphocytes infiltrated the 
CNS, decreased amounts of α-synuclein aggregates were found in WTS+ Rag2-/- mice lacking 
mature lymphocytes. Besides, the number of Iba1+ CNS myeloid cells was not altered in 
presence of T lymphocytes, but we found increased frequencies of the CD11b+ CD45hi 
population in the CNS, indicative of an increased number of infiltrated myeloid cells. 
Subsequently, the CNS myeloid cells were further classified according to their activation 
phenotype (M1 vs. M2) by gene and protein expression analysis. Interestingly, genes associated 
with the M1 myeloid phenotype were higher expressed in WTS+ Rag2+/+ mice, whereas in the 
absence of lymphocytes in WTS+ Rag2-/- mice genes associated with anti-inflammatory M2 
myeloid phenotype were upregulated. M1 myeloid cells are also known to perform less 
phagocytosis activity compared to the M2 phenotype. To proof, whether the presence of T or B 
lymphocytes might influence the phagocytic activity of the CNS myeloid cells, BV2 microglia 
were cultured with aggregated α-synuclein in presence or absence of T or B lymphocytes in 
vitro. In the presence of T but not B lymphocytes, significantly less α-synuclein was 
phagocytosed by BV2 microglia, further supporting the prevalence of the M1 phenotype in the 
presence of T lymphocytes. In conclusion, T lymphocytes strongly contribute to increased α-



synuclein pathology via modulation of the CNS myeloid cell function. In the presence of T 
lymphocytes, microglia phagocytosis of aggregated α-synuclein is reduced, which increases the 
severity of synucleinopathy. 
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Abstract: More than half a century has passed since the enzymatic defect underlying Gaucher 
disease was appreciated. Yet, major questions regarding disease mechanisms driving 
pathogenesis remain. This is especially true for the neuropathic form where there are currently 
no effective therapies. The ability to reprogram human cells (for example; blood PBMCs and 
fibroblasts) to create human induced pluripotent stem cells (hiPSC) pioneered by Yamanaka has 
profound implications for studies of neurodegenerative disease and for applications in 
regenerative medicine. Here we describe neural cells derived from patient hiPSC to investigate 
pathologic mechanisms involved in neuronopathic Gaucher disease (GD2). This neural source 
material previously unavailable for study addresses the unmet, critical need to understand 
molecular mechanisms involved in driving neurodegeneration in Gaucher cells. 
We obtained GD2 fibroblasts (Coriell Institute) where cell lines are L444P homozygotes or 
L444P compound heterozygotes. BJ control fibroblasts (ATCC) and control PBMCs from blood 
were also obtained. We created hiPSC lines from these sources by reprogramming with 
Yamanaka factors using a non-integrating Sendai virus carrier. Characterization of these hiPSC 
included mycoplasma screening, karyotyping and immunocytochemistry for pluripotent markers. 
In vitro differentiation shows these lines are capable of generating endoderm, mesoderm and 
ectoderm tissues. Digital droplet PCR (ddPCR) using cDNA from each GD2 and control line 
shows the original GD2 fibroblasts lines have decreased GBA1 (lysosomal glucocerebrosidase) 



expression and a moderate increase in GBA2 (non-lysosomal glucocerebrosidase) expression 
when compared to controls. Using the novel GD2 and control hiPSC lines, we derived neural 
progenitor cells (NPCs) expressing the neuro-markers, SOX2, nestin and hSynapsin-EGFP. 
NPCs from each line were transformed into neurons by a defined growth medium containing 
supplements to drive differentiation. Endpoint PCR confirmed expression of neural biomarkers 
(e.g., NeuN, MAP2, β-tubulin III,) and ddPCR tracked the expression of non-lysosomal GBA2, 
lysosomal GBA1 and other lysosomal genes. Western blots and enzyme assays define the 
reduction of glucocerebrosidase presence and activity. Neural exosomes isolated from 
conditioned medium were characterized for exoproteins. We are beginning to investigate RNA 
cargo profiles in the neural exosomes. Using these neurons, we anticipate more clearly defining 
the pathogenesis of GD2 and creating a model to test therapeutic strategies for this inborn error 
of metabolism. 
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Abstract: Visual impairments are a major health issue in people across all age groups and 
throughout the globe. Among these, retinal disorders are a leading cause for blindness, affecting 
mainly photoreceptors as the photosensitive layer of the eye, as well as retinal ganglion cells 
(RGCs) that form the optic nerve and transmit visual information from the retina to the brain. 
RGCs can be disrupted for a variety of different reasons, including inflammatory, traumatic, 
ischemic or hereditary reasons, resulting in partial or total loss of vision.Induced pluripotent stem 
(iPS) cells provide exciting new opportunities in the field of regenerative and personalized 
medicine. The capacity of iPS cells for unlimited self-renewal and their potential to differentiate 
into virtually every cell type of the human body has led to a steadily increasing number of 
protocols published that describe the molecular requirements for the respective differentiation 
processes. Although the human eye is a complex organ, with the retina alone consisting of at 



least 5 main classes of neurons, it was shown that the development of this organ can now be 
recapitulated in vitro. Our group has successfully generated retinal organoids from human iPS 
cells, resembling an early developmental stage of optic vesicle-like structures and expressing 
markers for different retinal cell types. In addition, using a combined floating and adhesion 
protocol, we have generated RGCs with long axons from human iPS cells. RGC maturation and 
morphology are analyzed with the help of RGC-specific promoter constructs and by expression 
analysis of markers for RGCs at different stages. This source of RGCs can now be used to 
further investigate the development and maturation of the human retina and the optic nerve, as 
well as for disease modeling of retinal disorders. Using patient-derived somatic cells as starting 
material for reprogramming and subsequent differentiation into RGCs, we aim to use this model 
to elucidate RGC-associated disease phenotypes in vitro. 
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Abstract: Approximately one quarter of all strokes in humans occur in white matter, and the 
progressive nature of white matter lesions often results in severe physical and mental disability. 
WMS is characterized by a significant loss of axons and oligodendrocytes, as well as a migration 
of astrocytes to the outside of the infarct area. This specific structural disruption and cell loss 
suggests potential targets for WMS therapies. Two human induced pluripotent stem cell (iPSC) 
lines were recently introduced as appealing cell sources for cell transplantation to repair neuronal 
networks disrupted by ischemic stroke: iPSC-neural precursor cells (NPCs) and iPSC-glial 
enriched progenitor cells (GEPs). iPSCs were derived from human dermal fibroblasts through 
ectopic expression of the transcription factors KLF4, OCT4, SOX2, and C-MYC. NPC 
differentiation was induced via addition of all-trans retinoic acid to iPSCs. GEP differentiation 
was induced by treating NPC cultures with an iron chelator (deferoxamine), resulting in 
activation of hypoxia inducible factor (HIF) and enhanced gliogenesis. In order to assess the 
phenotype of these iPSCs and thus determine their potential for cell transplantation therapy in 



WMS, iPSC-NPCs and iPSC-GEPs were cultured in the presence of growth factors and in 
growth factor withdrawal and then stained for known neuronal and astrocytic markers at 15 days, 
2 months, and 4 months. Cells were also stained for proliferation and pluripotency markers at 15 
days, 2 months, and 4 months. Immunofluorescent staining at 15 days showed increased 
expression of the immature neuronal marker Doublecortin in iPSC-NPCs and immature 
astrocytic marker GFAP in iPSC-GEPs. Proliferation and pluripotency markers (Ki67, Pax6, 
Sox2) also showed increased expression in iPSC-NPCs and iPSC-GEPs at 15 days. At 4 months, 
iPSC-NPCs and iPSC-GEPs showed increased expression of mature neuronal (NeuN) and 
astrocytic (S100 Beta) markers, respectively. Both cell lines showed significant downregulation 
of proliferation and pluripotency markers (Pax6, Sox2) after 4 months. iPSC-NPCs and iPSC-
GEPs display proper differentiation and determined neuronal and astrocytic fates, respectively, 
indicating their potential role in phenotype-specific cell transplantation therapies in WMS. 
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Abstract: Huntington’s disease (HD) is an inherited neurological disorder that typically 
manifests in midlife and is characterized by two cellular hallmarks, the presence of misfolded 
and aggregated protein inclusions, and massive degeneration of striatal medium spiny neurons 
(MSNs). Human neurons derived from HD patient induced pluripotent stem cells (iPSCs) 
demonstrate lower resilience to cellular stressors, but do not exhibit mutant huntingtin protein 
aggregates. Here we show the capability of neurogenic microRNAs, miR-9/9* and miR-124, in 



combination with striatum-enriched transcription factors, to efficiently convert fibroblasts from 
multiple patients with HD into MSNs that bear inclusion bodies (IBs) rich in amyloid-like 
filaments as detected by immunoelectron microscopy. Moreover, MSNs reprogrammed from HD 
patients also exhibit lower survivability in culture in comparison to cells reprogrammed from 
age- and gender-matched healthy controls. Interestingly, HD fibroblasts directly reprogrammed 
into cortical neurons instead of MSNs still exhibit IBs, yet with sustained survivability in culture. 
Our results suggest that contrary to neurons derived from induced pluripotent stem cells, directly 
reprogrammed neurons may be better suited for modeling late-onset diseases and that the faithful 
acquisition of specific neuronal-subtype identities is critical for disease modeling. Our 
microRNA-mediated approach to model neuronal subtype-specific vulnerabilities in HD may 
also prove to be advantageous in modeling other neurodegenerative disorders. 
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Abstract: The multifactorial ethiology of Parkinson's disease (PD) and other neurodegenerative 
diseases implies the existence of master regulators that control the expression of gene groups 
involved in pathogenesis. There is an increasing body of evidence that put forward 
retrotransposons as potential key players in gene-regulatory pathways associated with neural 
development, aging, and disease. Retrotransposons are parasitic DNA sequences that shaped our 
genome over the course of evolution via their copy-and-paste strategy. Besides the mutagenic 
effects of retrotransposition events through insertion into coding sequences, mobile genetic 
elements can function as enhancers for nearby genes. Their activity is regulated via epigenetic 
repression recruited by KRAB zinc-finger proteins. Reduction of repressive histone marks and 
DNA methylation during aging could release the repression of retrotransposons, potentially 



leading to abberant activation of genetic cascades underlying PD pathology. 
In this study we profile the epigenetic landscape of human embryonic stem cell (hESC)-derived 
midbrain dopamine (mDA) neurons to unveil the epigenetic regulation of retrotransposons in the 
cell type that is specifically affected in PD. Subsequently, we model the epigenetic landscape of 
PD by chemically inducing DNA hypomethylation in hESC-derived mDA neurons to study the 
effects on retrotransposons activity and the genes in their close vicinity. 
At the time of submission the study was still ongoing, results and conclusions will be presented 
at the poster. 
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Abstract: Traumatic brain injury (TBI) is a major cause of morbidity and mortality worldwide. 
In the general population, TBI poses a greater risk in athletes and military personnel making 
these groups particularly susceptible to TBI related ailments. Cognitive and functional deficits 
following TBI are often life altering and severely limits the quality of life in TBI patients. Direct 
mechanical damage causes neuronal and vasculature alterations that can lead to functional and 
structural changes in the blood vessels, gray and white matter that manifest as functional 
impairments like motor deficits, memory impairment, depression and anxiety. A prospect in 
reversing functional deficits associated with TBI is neural stem cell (NSC) transplantation, which 
has been used as a method of promoting brain repair by replenishing the damaged cell pool in 
several neurological disease models. NSCs have been shown to engraft with host tissue in animal 
models of brain injury and to promote plasticity and functional recovery. However, further 
studies are needed to bring these therapeutic approaches to the clinic. We have developed a TBI 
animal model for transplantation of NSCs to test neural repair of axonal injury, cerebral blood 
flow (CBF), reduction of lesion volumes and behavioral improvements. We used a controlled 



cortical impact device to induce mild and moderate TBI in the left hemisphere of the cortex in 
adult CB57BL/6 mice. Magnetic resonance imaging (MRI) scans used are Diffusion Tensor 
Imaging (DTI) for Fractional Anisotropy (FA) and Apparent Diffusion Coefficient (ADC) maps, 
Arterial Spin Labeling CBF and Rapid Acquisition with Relaxation Enhancement (RARE) T2 
scans. ADC is used for early detection of ischemic brain injury and FA to evaluate damage to the 
white matter. RARE T2 scans and T2 maps can show the anatomy and size of the lesion, 
respectively, and CBF changes are predictive of the future progression of lesion volume. We 
used a battery of behavioral tests to assess motor and cognitive deficits and recovery. Behavioral 
data show increased anxiety, depression, and decreased motor coordination in TBI mice as seen 
using Light-Dark Box, Forced Swimming, Beam Walking, Cylinder, and Foot Fault Tests, 
respectively. MRI scans confirmed severity and location of lesion, diffusion and blood flow 
deficits using RARE-T2, FA and ADC maps, and ASL scans, respectively. Our TBI model does 
increase anxiety and depressive behavior as compared to baseline with a reduction in motor 
coordination likely from hindering the right forepaw. ADC scans show a wider area of injury 
than T2 while FA shows evidence of white matter damage. 
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Abstract: Optimizing neural stem cell (NSC) delivery procedures is critical to the success of cell 
therapy. Unlike small molecules and growth or neurotrophic factors, cells are sensitive to their 
host microenvironment. Cell injection variables, such as flow rate, needle diameter, cell density, 
tissue porosity and mechanics, affect the penetration and dispersion of the cells into the target 
tissue and therefore, may compromise efficacy. In this study, we used magnetic resonance 



imaging (MRI) to guide and accurately transplant NSCs into specific structures of the central 
nervous system (CNS). NSCs were labeled with the contrast agent Super Paramagnetic Iron 
Oxide (SPIO) nanoparticles, which visualizes the NSC grafts as hypointense regions on MRI. 
The injection parameter infusion speed and cannula diameter were initially established using a 
brain surrogate phantom gel model. The SPIO-labeled NSCs were injected into 0.6% agarose gel 
phantoms under real-time MRI to monitor the dispersion of the NSCs. The selected optimal 
injection parameters were used for the ClearPointTM MRI-guided delivery system into the 
putamen of baboon. A whole-brain 3D MRI series with ClearPoint Software established a 3D 
coordinate system. A cannula trajectory guide (SmartFrameTM) with four MRI-sensitive fiducial 
markers was attached to the skull. The fiducial markers allowed the software to segment the 
SmartFrameTM and determine the trajectory of the cannula. Iterative imaging was used to align 
the cannula trajectory with the target until there was less than 1 mm error between the desired 
target and cannula trajectory. Once the cannula trajectory was finalized, a burr hole was drilled at 
this location and the cannula loaded with SPIO-labeled NSCs was inserted through the guide into 
the brain. The injection was then initiated at 1µL/min and recorded in real-time with a 
TurboFlash series. A whole-brain 3D image series was acquired post-injection to visualize the 
graft. The post-injection MRI images confirmed that NSCs were successfully delivered to the 
putamen. The evidence suggests MRI guidance offers a safe, accurate and minimally invasive 
procedure to deliver cells to the CNS. 
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Abstract: Parkinson’s disease (PD) is a chronic progressive neurodegenerative disorder caused 
by the death of dopaminergic neurons in the substantia nigra pars compacta (SNc). The loss of 
dopaminergic neurons in the SNc results in a range of debilitating movement disorders, such as 
bradykinesia, tremor, rigidity and postural instability in the affected patients. Pluripotent stem 
cells (PSCs) are specialized cells that can be differentiated into the three germ layers and serve as 
a valuable source for cell-based replacement therapies. Evidence indicates that stem cell derived 
dopaminergic neurons are a promising avenue in the search for a viable long-term treatment in 
PD patients. Here, we report the isolation of self-renewable neural stem cells (NSCs) from 
human induced pluripotent stem cells (iPSCs) derived from Parkinson’s disease patients with 
LRRK2 (G2019S) mutation. The NSCs demonstrated the ability to proliferate in response to 
epidermal growth factor (EGF) and basic fibroblast growth factor (FGF2). The isolated NSCs 
were further differentiated in glial conditioned media (GCM) with FGF2 into neurons of 
dopaminergic lineage. Following differentiation, immunohistochemistry analysis revealed the 
presence of β-tubulin positive neurons that co-localized with the dopaminergic neuron marker 
tyrosine hydroxylase. Quantitative analysis of the immunohistochemistry staining demonstrated 
that the number of dopaminergic neurons from NSCs differentiated in GCM was significantly 
higher on days 1, 2 and 7 in vitro compared to control-treated NSCs. In the next step, the 
differentiated cells were transplanted into the putamen of a nonhuman primate (Callithrix 
jacchus) and the animal was monitored for a period of 1 month. The object retrieval task, with 
barrier detour and activity analysis, was validated as a behavioral test for evaluating motor and 
cognitive functions. In conclusion, we have isolated of NSCs from human iPSCs that can be 
differentiated into dopaminergic neurons using glial conditioned media and growth factors. 
Furthermore, we have successfully transplanted the differentiated dopaminergic neurons into the 
putamen of a nonhuman primate. 
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Abstract: The Leucine-Rich Repeat Kinase (LRRK2) G2019S gain of function gene mutation is 
one of the most prevalent mutations contributing to Parkinson’s disease (PD) pathogenesis. The 
increased kinase activity alters mitochondrial health, axon outgrowth, intracellular trafficking 
and autophagy. We have previously shown that human LRRK2 G2019S iPS-derived neurons 
exhibit increased vulnerability to PD associated cell stressors and modify mitochondrial 
dynamics, which can be rescued by LRRK2 inhibitors (Cooper et al., 2012, Sci Transl Med. 
2012, 4;4(141):141ra90.). Human iPS-derived neurons carrying LRRK2 G2019S mutation and 
challenged with the endoplasmic reticulum (ER) calcium (Ca2+) uptake blocker thapsigargin 
(THP) show significantly decreased ER stress responses accompanied by neurite collapse when 
compared with healthy subject controls. As THP blocks ER Ca2+ influx via sarco/endoplasmic 
reticulum Ca2+ -ATPase (SERCA) and induces ER stress, this indicates that iPS neurons carrying 
LRRK2 G2019S mutation exhibit an altered capacity to regulate Ca2+ homeostasis. Indeed, we 
further discovered that after THP-induced SERCA block human iPS-derived neurons carrying 
the LRRK2 G2019S mutation exhibit an increase in depolarization-induced calcium influx in to 
the cell and modified calcium decay (interpreted as buffering capacity), when compared to 
healthy subject control neurons. This phenotype is diminished by treatment with antisense 
oligonucleotides targeting LRRK2 G2019S mutation. These data indicate that the LRRK2 
G2019S mutation alters intracellular calcium homeostasis and ER stress response, phenotypes 
that could contribute to PD neuronal dysfunction. 
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Abstract: The ability to generate neurons derived from induced pluripotent stem cells (iPSCs) 
from normal individuals and patients promises to fill a critical gap between human and animal 
studies, and will provide new insight into the pathogenesis of neurological disorders such as 
Alzheimer’s disease. Here, we established a multistep protocol to generate individual-specific 
cortical neurons with astrocytes in vitro from human iPSCs. First, iPSCs are directly induced into 
a neuronal lineage by dual inhibition of SMAD signaling. The induced cells are positive for 
neural progenitor cell markers nestin and Sox2. Second, the neural progenitor cells go through an 
extended period of neurogenesis and terminal neuronal differentiation, as evidenced by 
ubiquitous Tuj1- and MAP2-positive neurons. Astrocytes are generated towards the end of 
neurogenesis. Finally, the differentiated neurons mature, developing dendritic spines and 
acquiring electrophysiological properties. We are currently using this model to investigate the 
biochemical and synaptic dysfunction exhibited by neurons derived from healthy donors and 
Alzheimer’s disease patients with pathogenic mutations. 
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Abstract: Frontotemporal Dementia with Parkinsonism linked to Chromosome 17 (FTDP-17T) 
comprises 50% of all dementia cases under the age of 60 and involves the aggregation of the 
microtubule-associated protein tau. Studies of tauopathies have mainly based on transgenic 
animals, whereby over-expression of human-specific tau is engineered. However, 
neurodegenerative diseases are mainly restricted to humans, and tau isoform expression differs 
greatly between species. Moreover, accumulating evidence indicates a contributory role for 
oligodendrocytes (OLs) in tauopathies. Alongside neuronal tangles, glial tangles have been 
observed in FTDP-17T and in vivo OL tau expression is sufficient to induce tauopathy. Our aim 
was to overcome the above limitations and to investigate the glial contribution to tauopathies by 
generating and characterising human neurons and OLs from induced pluripotent stem cells 
(iPSCs) of patients with FTDP-17T tau mutations. Whole-cell patch clamp recordings, calcium 
imaging and molecular biology techniques were used to examine the effects of the N279K and 
P301L tau mutations on membrane properties, ion-channel composition, neurotransmitter 
signalling and tau isoform expression in both human neurons and OLs. We demonstrated that 
hiPSC-derived FTDP-17T neurons recapitulate tau pathology in vitro and thus provide a good 
tool for investigating human neurodegeneration. We discovered that tau mutations accelerate 
neuronal maturation and increase the excitability of human iPSC-derived cortical glutamatergic 
neurons. Moreover, FTDP-17T human neurons have mitochondrial trafficking deficiencies and 
mutation-specific morphological and molecular phenotypes. We generated oligodendrocyte 
precursor cells from FTDP-17T and control hiPSCs, both of which matured into myelin-
producing axon-interacting OLs. We showed that human and rodent OLs express tau in culture 
and we investigated the effect of the N279K-tau mutation on basic membrane properties, ion-
channel expression and neurotransmitter signalling in human OLs. We are currently investigating 
the effect of mutant tau on the myelinating potential of human OLs by generating a human 
myelinating co-culture in vitro, with hiPSC-derived neurons and OLs. In summary, we showed 
that pathologic tau mutations affect the excitability of human neurons and that human OLs 
express tau although its role and the effect of tau mutations are still unclear The outcomes of this 
study have increased our understanding of the pathological mechanisms governing human 
tauopathies. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease 
affecting upper and lower motor neurons (MNs). While ALS is largely sporadic, intronic G4C2 
repeats in C9ORF72 (C9-ALS) have been identified in a significant subset of familial and 
sporadic patients. Proposed mechanisms of degeneration include oxidative stress, aberrant axonal 
transport, protein aggregation and bioenergetics failure. Interestingly, mitochondrial dysfunction 
may possess a role in many of these mechanisms. 
We identified dysregulated mitochondrial proteins in multiple C9-ALS patient induced 
pluripotent stem cell (iPSC)-derived MN (iMN) cultures via quantitative tandem mass tag (TMT) 
proteomic analysis in comparison to a healthy control group. Among the 5,433 protein groups 
analyzed, 208 displayed significant differences in C9-ALS mutant iMN cultures, with 89 of 
those being mitochondrial protein groups. Bioinformatics pathway analysis revealed that aside 
from oxidative phosphorylation, TCA cycle, and tRNA charging pathways, imbalances in 
proteins critical for cristae organization and stability were a major contributor. This is 
particularly relevant due to the recent discovery of a missense mutation in the CHCHD10 gene, 
which has been implicated as a cause of familial ALS. Specifically, CHCHD10 encodes a 
mitochondrial protein that is enriched at cristae junctions in the intermembrane space, and has 
been shown to interact with several members of the mitochondrial contact site and cristae 
organizing system (MICOS) complex. The MICOS complex proteins are associated with the 
formation and maintenance of mitochondrial cristae. Together with components of the 
mitochondrial intermembrane space bridging complex (MIB) and the translocases of the outer 
(TOM) and inner (TIM) membranes, MICOS proteins are crucial for maintaining the 
characteristic architecture of mitochondria. As determined by our quantitative proteomics data, at 



least 10 of the MICOS-MIB-TOM complex components were dramatically up-regulated in C9-
ALS iMN cultures. Evidence exists, which shows that overexpression of at least one of the 
members of the MICOS complex leads to a considerable extension and deformation of cristae 
membranes and junctions. We hypothesize that disruption of mitochondrial membrane 
architecture and cristae junction integrity contributes to neural cell dysfunction in ALS. 
In conclusion, our results suggest protein-level molecular signs of impaired mitochondrial 
functioning in C9-ALS patient cultures. Identifying dysregulated elements of mitochondrial 
biology will expand our knowledge of ALS disease onset and progression. 
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Abstract: Tuberous sclerosis complex (TSC) is an autosomal dominant disorder caused by the 
mutation of either TSC1 or TSC2 genes. A large proportion of patients with TSC exhibit 
neurological symptoms including epilepsy and intellectual disability. A further 50% meet the 
diagnostic criteria for Autism. However, the appearance of this broad spectrum of neurologic 
manifestations does not always correlate with the neuroanatomical defects common to TSC, 



suggesting the possibility of underlying functional defects affecting neural development of TSC 
patients. To investigate cellular and molecular phenotypes in TSC we generated multiple patient 
and sibling control-derived induced pluripotent stem cell (iPSCs) lines. Patient lines carry de 
novo heterozygous TSC2 mutations. We then generated neural progenitor cells (NPCs) capable 
of fully differentiating into neurons, and investigated in detail their proliferation and 
differentiation properties. We observed that patient NPCs exhibit a consistent growth delay. Next 
we investigated molecular mechanisms that underlie this phenotype, and discovered specific 
abnormalities in the activity of the PI3K-Akt-mTOR signaling pathway that were not previously 
reported in heterozygous rodent models. Our findings elucidate disease mechanisms that may 
impact brain development and cognition in TSC. 
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Abstract: Purpose: Diabetes (DM) is a leading cause of blindness in adults worldwide. Today, 
284 million people are severely visually impaired worldwide, of which 39 million are completely 
blind. In ocular health, diabetes severely affects all ocular tissues including the cornea. To-date, 
studies on the diabetic cornea are limited and mainly focused around the epithelium and nerves. 
Several animal models have been developed however, in many occasions, the strategies and 
treatments that were successful in rodents failed in humans. The development of a model more 
relevant to the patient population is absolutely necessary. In this study we developed a 3D self-
assembled corneal tissue substitute that mirrors the basic anatomical and physiological of the 
corneal tissue in vivo and can be used as a tool for investigating the defects in the human diabetic 
cornea as well as screening the efficacy of various agents before animal testing. Methods: 
Human corneal stromal cells from healthy (HCF), Type I (T1DM), and Type 2 (T2DM) diabetic 
donors. Cells were seeded on polycarbonate membrane inserts at 1million cells/well with 
Vitamin C stimulation to promote collagen assembly. Human corneal nerve cells (HCNs) were 



obtained and seeded on top of the constructs at the 3 weeks’ time point and differentiated. At 
week 4, all constructs were processed for RT PCR and WB. Results were analyzed using Graph 
Pad Prism 6. Results: Our study results showed upregulated nerve markers (βIII tubulin and 
Nestin) expression in HCNs co-cultured with T2DM (3 fold increase, p≤0.001) whereas T1DM 
co-cultures showed downregulated expression(1 fold, p≤0.05) for both the nerve cell markers 
when compared to our healthy controls. We also witnessed increased Col I (4 fold, p≤0.0001) 
and Col V (2.5 fold, p≤0.001) expression in T2DM which correlates with significant increase in 
ECM assembly and deposition. Conclusion: In this study we have successfully developed a 
novel 3D corneal substitute that helps better understanding of the crucial parameters that often 
gets altered during hyperglycemic conditions and are essential for the normal corneal 
environment maintenance. Targeting these parameters would pave the way for developing 
therapeutic measures in treating corneal DM complications. 
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Abstract: Spinal motor neuron progenitors play a vital role in the development of motor neuron. 
However, the molecular mechanisms controlling this important process are largely unknown. 
MicroRNAs (miRs) can control mRNA expression, protein production and cell function by 
silencing translation or by destabilization of target mRNAs. Many studies suggested that 
microRNA can regulate the neural system development. In the present study, to identify the 
individual microRNAs (miRNAs) and mRNAs that may regulate the differentiation from human 
embryonic stem cell (hESCs) to spinal motor neuron progenitor, the expression profiles of motor 
neuron progenitors were analyzed. Microarray analyses revealed the up-regulated or down-
regulated miRNAs and mRNAs in these neuronal progenitors during motor neuron development, 
and we found hsa-miR-9-3p, hsa-miR-551a, hsa-miR-30e-3p, hsa-miR-181d-5p, hsa-miR-200b-
3p, hsa-miR-564, hsa-miR-125a-3p played important role in the motor neuron progenitor, and 



also their target genes including HOXB4, HOXB9, NKX6-1, PHOX2B, TUBB3, DBX1and 
PTEN. These data support a crucial role for miRNAs and facilitate a potential regulatory 
network regulated by the genes and miRNAs during the spinal cord motor neuron differentiation. 
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Abstract: A constant interaction between the developing neural progenitor cells (NPC) and their 
immediate extracellular environment influences the process of differentiation and cell fate. Cell 
culture studies are crucial contributors to deciphering those interactions. Mimicking the 
immediate extracellular environment with strategies such as using different growth factors, 
scaffolds/matrices, co-cultures with other cell types for neural differentiation are approaches 
increasingly being used because neural cells, differentiated in significant numbers with specific 
phenotypes, can help transplantations in the future for functional recovery from brain/spinal cord 
injuries. Since vascular endothelial cells in the brain develop along with neural progenitor cells 
and exosomes secreted by cells are being identified as effective cell to cell communicators we 
tested their influence on neural differentiation. Rat NPCs (Invitrogen) were maintained in culture 
in Neurobasal medium with B27 supplement (Gibco) with the addition of 1% whole fetal bovine 
serum (FBS+Exosome) and exosome depleted FBS(FBS-Exosome). In a second set of 
experiments they were co-cultured with vascular endothelial cells (hCMEC/D3 cells, EMD 
Millipore). Immunocytochemistry using neuronal and glial markers (primary antibodies for 
Nestin (undifferentiated cells), NueN (for neurons) and GFAP (for astroglial cells) followed by 
Alexa Fluor conjugated secondary antibodies and phase contrast and fluorescence microscopy 



showed that NPCs cultured for 10 days that were exposed to FBS+Exosome showed the 
maximum differentiation potential either into glia (13%) or neurons (29.5%) while NPCs 
cultured in the presence of vascular endothelial cells showed the least differentiation as 96.5% of 
the cells remained undifferentiated after 10 days in culture. The addition of the conditioned 
medium from the vascular endothelial cells still affected differentiation (89% remained 
undifferentiated) , however not as much as when they were co-cultured. These results suggest 
that exosomes in serum play an important role in differentiation while presence of vascular 
endothelial cells may retard differentiation. The mechanism of action of these different 
environments for their influence on neural differentiation is under investigation. 
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Abstract: Dysregulated expression of miR-219, a brain-specific microRNA, has been observed 
in neurodevelopmental disorders, such as schizophrenia (SCZ). However, its role in normal 
mammalian neural stem cells (NSCs) and neurons and in SCZ pathogenesis remains unknown. 
We show here that microRNA miR-219 suppresses mouse NSC proliferation downstream of the 
nuclear receptor TLX. Moreover, we demonstrate up-regulation of miR-219 expression and 
down-regulation of TLX expression in NSCs derived from SCZ patient iPSCs and DISC1-mutant 
isogenic iPSCs. SCZ iPSC-derived NSCs exhibit reduced cell proliferation. Overexpression of 
TLX or inhibition of miR-219 action rescues the proliferative defect in SCZ NSCs. Moreover, 



using deep sequencing analysis, we have identified a list of genes that are dysregulated in 
neurons derived from SCZ iPSCs and found that a set of these genes are potential miR-219 
downstream targets. How elevated expression of miR-219 contributes to neuronal pathology in 
SCZ through regulating its downstream target genes is under investigation. 
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Abstract: The National Institute of Neurological Disorders and Stroke (NINDS) Human Cell 
and Data Repository (NHCDR) was established in 2015 through a grant to RUCDR Infinite 
Biologics at Rutgers University. The NHCDR has 169 fibroblast and 72 induced pluripotent stem 
cell (iPSC) lines for Alzheimer’s Disease (AD), Amyotrophic Lateral Sclerosis (ALS), Ataxia-
telangiectasia, Frontotemporal Lobar Degeneration (FTD), Huntington’s Disease (HD), 
Parkinson’s Disease (PD), and healthy controls. These human cell lines are available to both 
academic and industry investigators for research purposes and can be ordered through the online 
NHCDR catalog (https://stemcells.nindsgenetics.org/). All iPSC lines have a certificate of 
analysis that summarizes the quality control assessment completed on the distribution lot. New 
iPSC lines will be added in 2016 and include PD iPSC lines carrying a synuclein SNCA A53T 
mutation, a PTEN induced putative kinase 1 PINK1 (ILE368ASN) mutation, a Parkin PARK2 
(ARG275TRP) or (ARG42PRO) mutation, or a glucocerebrosidase GBA (GLU326LYS) 
mutation and FTD iPSC cell lines carrying a Progranulin PGRN (M1L) mutation or a Tau 
MAPT (P301L) mutation. The NHCDR also plans to generate isogenic lines for several of the 



iPSC mutation carrying lines. 
In 2016, NINDS will also add iPSC lines used by NeuroLINCS, where extensive omics data is 
available at www.neuorlincs.org. NeuroLINCS is one of six data and signature generating 
centers comprising the National Institute of Health (NIH) Library of Integrate-Network 
Signatures (LINCS) Common Fund program. The goal of NeuroLINCS is to establish cellular 
signatures for ALS and SMA, wherein the cell signatures are studied in the presence or absence 
of perturbants. Through a collaboration with NINDS, ten Target ALS Foundation iPSC lines can 
be ordered through the NHCDR catalog. 
Established in 1998, RUCDR Infinite Biologics (www.rucdr.org) is the world’s largest 
university-based integrated cell and DNA repository, assisting researchers throughout the world 
by providing the highest quality biomaterials, technical consultation, and logistical support. Its 
services include sample collection and bioprocessing (i.e., blood fractionation, nucleic-acid 
extraction, cell-line creation, etc.) and analytical services such as gene expression, sequencing, 
and genotyping. The RUCDR Infinite Biologics Stem Cell Center (RSCC) offers comprehensive 
services that include the reprogramming of source cells such as skin fibroblasts and blood cells 
to yield iPSC cells. In addition, RSCC performs a complete range of assays to characterize iPSCs 
to assess their quality, pluripotency and genomic stability. 
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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder defined by 
abnormalities in social interactions and stereotyped/restrictive behavior. Study of ASD has been 
hindered by disease heterogeneity and difficulties in creating representative mouse models. To 
define neurodevelopmental deficits in idiopathic autism, we (NJ Autism Center of Excellence; PI 
Millonig) generated induced pluripotent stem cells (iPSC) from 8 severely affected males and 
their unaffected brothers (Sib) and derived neural stem cells (NSCs). Here we focus on 
proliferation of ASD and Sib NSCs. To address possible variability, studies are performed blind, 
and all measures are assessed in multiple NSCs obtained from 2-3 independent iPSC clones for 
each subject. To define effects, cells were grown at high density (50K cells/cm2) and labeled at 
48h with tritiated thymidine to assess DNA synthesis and EdU for S-phase entry. In parallel, 
single cell analyses were conducted at 48h by acutely dissociating high-density cultures, and 
performing innumostaining on at low density (10K/cm2) cultures fixed at 2h. Further, sister 
cultures were dissociated at 2, 4 and 6 days to quantify live cell numbers via hemocytometer. To 
measure protein levels, NSCs (5x104 cells/cm2) are plated in 35 mm dishes and harvested at 48h 
for immunoblotting. ASD NSCs from a single-family comparison exhibit a robust and 
reproducible proliferation defect. In over 20 experiments utilizing NSCs derived from multiple 
clones per individual (2 for Sib, 3 for ASD), ASD NSCS display a 65% reduction in DNA 
synthesis. Additionally, ASD NSCs exhibit a 33% reduction in the proportion of cells in S-Phase 
as well as a 60% reduction in cell numbers after 6 days in culture. FGF, a known regulator of 
neurogenesis, reverses this proliferation defect in ASD NSCs by increasing cell numbers at 6 
days in culture to that of Sib NSCs. Furthermore, in preliminary studies of cell cycle regulators, 
ASD NSCs exhibit a 65% increase in levels of cyclin-dependent kinase inhibitor p27, a negative 
regulator of the cell cycle. In contrast, preliminary studies of another ASD-Sib pair reveal no 
evidence of a proliferation defect, though the NSCs exhibit a differential response to FGF. Thus 
proliferation defects may be idiopathic autism patient-specific, supporting the concept of 
personalized medicine. In aggregate, our observations suggest we are able to discover differences 
in ASD-implicated biological processes and as well as potential underlying mechanisms. In 
comparison of an ASD-sibling pair this toolset has begun to uncover patient-specific differences 
in cellular phenotypes, as might be expected in idiopathic ASD. 
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Abstract: Maternal deletion of chromosome 15q11-q13 results in a neurodevelopmental disorder 
known as Angelman syndrome (AS). Interestingly, individuals with a duplication of this region 
have a related neurodevelopmental disorder called 15q duplication syndrome (Dup15q), which in 
some cases is associated with autism. These syndromes are also associated with overlapping 
phenotypes including intellectual disability, impairments in language, and seizures. The gene 
believed to be responsible for AS encodes the ubiquitin ligase UBE3A. For Dup15q, it is 
believed that UBE3A also plays an important role, but it is likely that other genes also contribute. 
In both syndromes, alterations in synaptic signaling and plasticity appear to contribute to the 
disease phenotype, at least in mouse models, but the relevant downstream targets of UBE3A and 
their functional roles are unknown. Moreover, the seizure phenotype associated with these 
syndromes suggests the presence of an excitatory/inhibitory imbalance and/or neuronal 
hyperexcitability. Overall, it is clear that UBE3A is an important role-player in normal brain 
development and plays essential roles in excitability and synaptic function and plasticity. 
In this study, we are using electrophysiological approaches and calcium imaging to examine 
neuronal excitability, synaptic activity, and plasticity of induced pluripotent stem cell-derived 
(iPSC) neurons from AS, Dup15q, and control subjects. Depolarized resting membrane 
potentials (RMP) were observed in both control and AS neurons early in development. Neurons 
derived from control subjects show a progressive hyperpolarization in RMP over development 
that is lacking in neurons derived from AS subjects. Similarly, control neurons show a 
developmental increase in spontaneous synaptic activity that is not observed in AS neurons, 
suggesting a genotypic difference in synapse number and/or release probability. These cellular 
phenotypes seem to be caused by loss of UBE3A as knockdown of this protein in control 
neurons and reestablishing UBE3A in AS neurons is able to mimic and rescue, respectively, 
these phenotypes. These iPSC-derived neurons also show spontaneous action potential firing and 
synchronous activity and we are currently exploring synaptic plasticity differences in these 
cultures using single cell recordings and multi-cell calcium imaging. Overall, these approaches 
may prove useful for identifying novel targets for drug discovery and for screening potential 



therapeutics aimed at reversing the seizures, movement disorders, and language and cognitive 
impairments in AS and Dup15q. 
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Abstract: The selective loss of GABAergic inhibitory interneurons is characteristic of numerous 
neurodegenerative diseases. Absence of these inhibitory subtypes creates an electrical imbalance 
in the hippocampal and cortical neural circuits. Our long-term goal is to replenish these 
inhibitory interneuron subtypes using an embryonic stem cell (ESC) source. During embryonic 
development, these inhibitory interneuron progenitors arise from a transient ventral forebrain 
structure known as the medial ganglionic eminence (MGE) and are characterized by the 
expression of Nkx2.1. We have optimized an adherent monolayer protocol for the generation of 
Nkx2.1+ neural progenitors from human ESCs using sonic hedgehog treatment. To test the 
differentiation potential of the Nkx2.1+ cells in vitro, we utilized co-culture and tri-culture 
systems with mouse cortical astrocytes and mature hippocampal cells; deriving an enriched 
population of interneurons in which 75% of the MAP2-positive cells are also GABA-positive 
after 8 weeks. Studies examining the fate of human ESC-derived ventralized neural progenitors 
transplanted into the mouse hippocampus of severe compromised immune deficient (SCID) 
epileptic mice demonstrate increased expression of the mature neuronal markers, Hu, NeuN, and 
the inhibitory neurotransmitter GABA between 6 and 12 weeks post transplantation. Preliminary 
studies suggest the transplanted cells are able to suppress recurring seizures short term in a 
mouse model of temporal lobe epilepsy. In addition, mice with transplanted cells exhibited 
significant improvement in the Morris Water Maze spatial memory task by six weeks post 



transplant. Patch clamp analysis indicates that hESC derived neurons are capable of firing mature 
action potentials following long-term in vitro culture and post transplantation into mouse host. 
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Abstract: In this study we utilized neural progenitor cells (NPC) derived from schizophrenia and 
control iPSCs (Brennand et al., Nature, 2011) to elucidate the effects of schizophrenia on early 
neural development. RNA-sequencing revealed 1348 dysregulated genes common to 
schizophrenia patients with different genetic backgrounds accompanied by increased nuclear 
Fibroblast Growth Factor Receptor 1 (FGFR1)- genome interactions. Many of the dysregulated 
genes are involved in developmental pathways, i.e. WNT/β-Catenin and Notch signaling. The 
results point to an early (preneuronal) developmental-genomic etiology of schizophrenia and 
support the role of panontogenic Integrated Nuclear FGFR1 Signaling (INFS) in abnormal 
neuronal development. We developed 3D cerebral organoids from human embryonic stem cells 
(hESC) to analyze the role of nFGFR1 signaling in early human cortical development. The 
organoid rosettes recapitulated the inside-out pattern of the early stages of human cortical 
development. The innermost sub-ventricular-like zone (SVLZ) showed a highly dense 
population of proliferating KI67+ cells. The outermost molecular layer contained mature neurons 
and the intermediate-like zone (ILZ) contained neuroblasts and interneurons. The role of FGFR1 



was examined by treating cerebral organoids with an FGFR1 antagonist, PD173074, from day 12 
to day 22. PD173074 specifically depleted nuclear FGFR1 and reduced the size and the number 
of developing cortical rosettes (P-value< 0.001). Moreover, PD173074 decreased the density of 
immature neurons and interneurons in the intermediate subcortical zone, but had less effect on 
the earlier generated mature neurons. PD173074 did not affect the Number Area Density of 
proliferative Ki67+ cells, but the proliferating cells were no longer localized specifically in the 
SVLZ. In addition, PD173074 reduced the number of cells expressing nuclear FGFR1 in the 
molecular zone of cortical rosettes of cerebral organoids by 37%. Thus, blocking nuclear FGFR1 
accumulation interferes with the neural development by preventing formation of the neurogenic 
SVZ and inhibiting neuronal differentiation. PD173074 had no effect on the Number Area 
Density of proliferative cells and formation of oligodendrocyte precursors. In contrast, 
schizophrenia iPSCs treated with PD173074 increased the size of cerebral organoids. Our results 
support the role of nFGFR1 in the early stage of human brain development and in its changes in 
schizophrenia. Genomic mechanisms of the observed developmental changes are currently being 
investigated by RNAseq and ChiPseq. 
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1Cell and Developmental Biol., 2Psychiatry, 3Pharmacol., 4Chem., Univ. of Michigan, Ann 
Arbor, MI 

Abstract: The directed neural differentiation of patient-derived induced pluripotent stem cells 
(iPSC) provides us with a developmental model to better understand the role of astrocytes in BP. 
Dermal fibroblasts from 4 control and 4 BP individuals were reprogrammed using episomal 
vectors and fully characterized for pluripotency and normal chromosome number. The iPSC 
lines were differentiated into neural precursors via dual SMAD inhibition, followed by a 70-day 
incubation in medium containing N2, fibroblast growth factor-2 (FGF-2), and epidermal growth 
factor (EGF) in suspension (astrospheres) followed by dissociation into astrocyte monolayer 
cultures. CD44-positive cells ranged from 49% to 99%, and were sorted by fluorescent activated 
sorting. Cell doubling times at early passage number were greater in BP lines (C 99.3+11.0, BP 
130.3+31.1, p=0.054). Gene expression of aquaporin 4 and the glutamate transporter EAAT2 
was significantly lower in BP lines (P<0.05 and P<0.01, respectively), and gene expression of 
S100beta and EAAT1 were also markedly lower in BP lines. Treatment of astrocytes with bone 
morphogenetic protein 4 or ciliary neurotrophic factor in the absence of FGF-2 and EGF induced 
differential expression of the mature astrocyte-specific marker glial fibrillary acidic protein. 
These differences in gene expression and behavior suggest that BP astrocytes are functionally 
distinct from control astrocytes. Current investigations are in progress to examine gliotransmitter 
release and behaviors in coculture with neurons. 
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Abstract: We develop iPSC-based test systems for neurodevelopmental disorders such as 
schizophrenia and autism. Such disorders are signified by a reduction in neuronal numbers, 
aberrations in neuronal outgrowth, a decrease in synaptic densities and dysfunctional molecular 
pathways. Based on these findings, we used iPSC-derived neurons from patients with 
schizophrenia or autism as a model to further elaborate morphological characteristics and to 
reveal basic mechanisms of underlying cognitive dysfunctions. Skin biopsies were obtained from 
unaffected donors and clinically diagnosed patients, the latter belonging to families with an 
increased case number to emphasize hereditary factors contributing to the pathology. By means 
of retroviral transduction isolated fibroblasts were reprogrammed into iPSCs which were 
characterized by immunocytochemistry and PCR. Subsequently, iPSCs were differentiated into 
neuronal progenitor cells and finally into neurons. Terminal neuronal differentiation was 
demonstrated through immunostaining for neuronal marker proteins like ?-III-Tubulin or brain 
layer specific proteins like CTip2. Further neurons were characterized by electrophysiological 
properties and transcriptome analysis. Differences in early neuronal development were assessed 
by neurite outgrowth measurements via high content analysis using the ImageXpress Setup. A 
reduced total outgrowth of neurons derived from patients with schizophrenia and autism 
compared to the healthy control group was revealed. The synaptogenic potential of iPSC derived 
neurons was determined via quantification of clusters of the postsynaptic marker PSD95. 
Consistently, cluster numbers were reduced in cultures of iPSC-derived neurons from patients 
with schizophrenia and autism, which may point towards shared disease characteristics with 
respect to synaptic differentiation. In conclusion, iPSC-derived neurons from patients with 
schizophrenia and autism showed reductions in total neurite outgrowth and a decreased 
formation of postsynaptic clusters, which has been also reported from post-mortem studies. 
These results suggest that the in vitro system described here may be a valid tool to investigate 
morphological and synaptic deficits associated with cognitive impairments observed in 
schizophrenia and autism. BMBF Fö-Kz.: 01QE1306B 
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Abstract: A large number of distinct missense mutations in the SCN1A gene, encoding Nav1.1 
voltage-gated sodium channels result in genetic epilepsy with febrile seizures plus (GEFS+). 
However, the underlying cellular mechanisms contributing to this class of seizure disorders are 
not well understood. Previously we explored the cellular changes in a Drosophila knock-in fly 
line carrying the GEFS+ K1270T SCN1A mutation. Our data indicate that this mutation 
contributes to hyperthermia-induced seizures through a conditional gain-of-function alteration in 
sodium channels that reduces excitability of GABAergic neurons (Sun et al., 2012). To 
determine whether this mutation causes similar changes in human neurons, we generated induced 
pluripotent stem cell (iPSC) lines from two siblings, one with the K1270T mutation (GEFS+ 
sibling) and one without (Control sibling). The iPSC lines were differentiated into neurons. 
Three weeks after plating onto an astrocyte feeder layer, the majority of cells with neuronal 
morphology, in both the GEFS+ and Control sibling lines, fired action potentials and received 
glutamatergic and/or GABAergic synaptic input. We have also used the CRISPR-Cas9 system to 
introduce the K1270T mutation into the Control sibling iPSC line, creating an isogenic mutant 
line. We are now conducting comparisons at elevated temperature to determine if there are 
differences in excitability and synaptic transmission between neurons differentiated from the 
GEFS+ sibling, Control sibling and isogenic mutant lines. These studies will provide insight into 
cellular mechanisms contributing to febrile seizures in SCN1A associated epilepsy disorders. 
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Abstract: Recent genetic and neuroradiological studies have suggested a role for glial pathology 
in the genesis of schizophrenia. To assess this possibility, we established human glial chimeric 
mice using glial progenitor cells (GPCs) produced from induced pluripotential cells (hiPSCs), 
which were derived from patients with juvenile-onset schizophrenia and their gender- and 
ethnicity-matched controls. To this end, hiPSC GPCs were neonatally implanted into either 
immunodeficient myelin wild-type mice, in which the donor GPCs remained as progenitors or 
became astrocytes, or into hypomyelinated shiverer mice, in which the GPCs also gave rise to 
oligodendrocytes. When implanted into shiverer mice, by 4 months of age the schizophrenia-
derived (SCZ) iPSC GPCs exhibited less white matter engraftment than control iPSC GPCs, 
instead migrating prematurely into the cortex. The density of SCZ-derived GPCs in the corpus 
callosum was significantly less than that in control GPC-engrafted mice (N=13; P<0.0001), 
which resulted in hypomyelination of the callosum (MBP expression by luminance; P< 0.0001). 
Moreover, the density of transferrin-defined oligodendrocytes was lower in SCZ callosum than 
in control-engrafted (SCZ: 15,993 ± 2,693/mm3, N=12; control: 9,084 ± 1,249 N=16; P=0.03). 
Strikingly, callosal GFAP-defined astrocytic differentiation was almost 6 times higher in control-
engrafted brains than in SCZ GPC chimeras (control: 6,616 ± 672/mm3, N=12; SCZ: 1,177 ± 
277/mm3, N=19; P<0.0001). In myelin wild-type hosts, the SCZ hiPSC glial chimeras exhibited 



an aberrant behavioral phenotype, characterized by: 1) diminished prepulse inhibition; 2) higher 
anxiety as assessed by elevated plus maze; 3) increased social avoidance in 3-chamber social 
testing; 4) impaired novel object recognition; and 5) anhedonia, as reflected in diminished 
sucrose preference, all as compared to control GPC-engrafted chimeras. Lines derived from 3 
different patients and 3 age- and gender-appropriate controls were used in all experiments. These 
data suggest a potent contribution of cell-autonomous glial pathology to the development of 
schizophrenia. 
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Abstract: The hallmark of the brain is the ability to generate oscillatory activity categorized in 
different frequency bands. This required the full neuronal maturation of neural stem cell-derived 
neuronal progeny into structured three-dimensional (3D) organized neuronal circuits as given e. 
g. in cortical brain region. We assessed in vitro generated human induced pluripotent stem cells 
(hiPSC)-derived 3D-cortical neural assemblies by super-confocal-laser microscopy imaging, 
patch-clamp and multi-electrode array technology and present here the structural and functional 
properties at the synapse towards the neuronal network level. In detail, our differentiation 
procedure applied on hIPSC gives rise to 3D-cortical aggregates comprising early-, middle- and 
late-born cortical glutamatergic as well as GABAergic neurons. These neurons are organized as 
polarized cell-layer embedded into a glial network generated by 3D-growing mature GFAP and 
S100-positive astrocytes. Neurons generating a neurite net which are interconnected by vGlut1 
and PSD-95 mature synapse, allowing excitatory and inhibitory neurotransmission revealed by 



whole-cell recordings. Cell-attached and extracellular recordings demonstrated that neurons 
within hiPSC-derived cortical aggregates show mature electrophysiological properties, i.e. 
generation of spontaneous action potentials and bursting. Moreover, multi-electrode array 
recordings reveal the autonomous generation, i. e. in the absence of electrical or chemical 
stimulation, of synchronized activity recorded as population bursting and oscillatory local field 
potentials. In this poster we provide a detailed description of the properties of oscillatory LFP 
recorded in in vitro generated human cortical circuits. Here we not only demonstrating that 
hiPSC-derived neurons mature into functional circuits within few weeks starting from iPSC-
stage, but also show that hiPSC-derived neural circuits show principles of human brain 
functions. 
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Abstract: Patients with Parkinson’s disease (PD) present with motor symptoms characterized by 
tremor, bradykinesia, rigidity and postural instability. There are approximately 1.5 million 
diagnosed cases of this chronic progressive disorder in the U.S. At the onset of symptoms and 
diagnosis ~ 70% of the midbrain DA neurons have degenerated. L-DOPA can initially restore 
dopaminergic (DA) levels and motor function, but with time the therapeutic window becomes 
increasingly narrow with L-DOPA induced dyskinesia as a common side effect. Although deep-



brain-stimulation (DBS) also can alleviate motor symptoms, such interventions ultimately lead to 
repeat procedures, limitations for patients in receiving other medical procedures and high 
medical costs. The concept of cell replacement therapy has shown benefit in clinical studies 
using cell preparations derived from fetal ventral midbrain. However, fetal cell transplantations 
are not scalable for a larger patient population and require immunosuppression. Induced 
pluripotent stem cells (iPSCs) can be generated from affected PD patients, differentiated into 
midbrain dopaminergic cells using xeno-free procedures, and frozen-thawed for use in 
autologous transplantations. The proof-of-concept in non-human primates has previously been 
shown by us (Hallett et al. Cell Stem Cell. 2015 Mar 5;16(3):269-74). In recent pre-clinical 
efforts, we have differentiated episomal xeno-free iPSCs, derived from human PBMCs, into 
midbrain DA neurons. The cell-preparations have been frozen and thawed with reliable 
reproducibility. Stability, cell marker characteristics and functionality of the frozen-thawed cells 
and such preparations are now tested in vitro and in primate and rodent models in vivo. 
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Abstract: Neural network activity represents the integration of multiple synaptic events and the 
sum output of neuronal ensembles. While human neurophysiology has been described at the 
single synapse level and the population field potential level of EEG, microcircuitry dynamics 
have not been well established. Development of technology platforms to study microcircuitry 
will better elucidate disease etiology and drug influence on network function in human models. 
Efforts toward application of higher relevance model systems in drug discovery benefit from the 
scalability, reproducibility and genetic background provided by patient derived induced 



pluripotent stem cell (iPSC) neurons. These in vitro human iPSC based neural networks can be 
utilized for screening drugs that modulate network behavior and also for pharmacogenomic 
studies of human neurological disease. Using hiPSC-derived neurons, we have developed a 
physiological assay on multi-well multielectrode array (MEA) plates, where we simultaneously 
record extracellular potentials for 16 channels per well across 48-well plates. An advantage of 
this system, versus traditional electrophysiology, is the ability to non-invasively measure 
neuronal activity over days and months, utilizing each well as its own control, thereby expanding 
the repertoire of drug exposure paradigms to more closely resemble clinical use. hiPSC-derived 
neurons formed de novo networks on the MEA plate as evidenced by the appearance of complex 
synaptic activity including synchronized network bursts. Our assay displayed highly consistent 
well-to-well activity level and network behavior. Furthermore, manipulation of excitatory and 
inhibitory neurotransmission showed physiologically relevant network formation. Analysis of 
network function in response to a focused library of pharmacological and neurotoxin compounds 
revealed dynamic plasticity of network output. Development of technology platforms that can be 
used to perform drug screens against models of human brain microcircuitry in vitro with 
relatively high-throughput will be essential to realize their potential for disease modeling and 
drug discovery. 
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Abstract: A number of studies have suggested significant glial involvement in schizophrenia. 
Nonetheless, the contribution of cell-autonomous glial transcriptional dysregulation to the 
pathogenesis of schizophrenia has not been specifically explored. To this end, we have generated 
mRNA sequencing data from oligodendocyte progenitor cells (OPCs) produced from human 
induced pluripotent stem cells obtained from fibroblasts of patients with juvenile-onset 
schizophrenia, as well as from age- and gender-matched healthy controls. The OPCs were 
prepared using previously described methods (Wang et al., Cell Stem Cell, 2013), and then 
enriched to near-purity using CD140a/PDGFRa-targeted fluorescence-activated cell sorting. 
Differential gene expression analysis (corrected P Value < 0.05 and linear fold change > 2.00) of 
4 schizophrenic- and 3 control-derived cell lines revealed marked differences in differentiation- 
and myelination-associated genes in schizophrenic OPCs, as compared to their controls. Both 
differential gene expression and differential network analyses identified disruptions in the OPC 
differentiation signaling pathway as indicated by significant down-regulation of a coherent set of 
key OPC lineage transcription factors NKX2-2, OLIG1, OLIG2, SOX10, SIRT2, MYRF, and 
ZNF488 as well as genes involved in myelination such as MBP, PLP1, MAG, UGT8, MOG, and 
FA2H suggesting a relative arrest in glial differentiation at the point of OPC specification from 
neural stem cells. Functional analysis of schizophrenia-dysregulated genes identified synaptic 
transmission, differentiation of oligodendrocytes, and myelination among the most differentially 
affected central nervous system functions; all were significantly down-regulated. Together, these 
findings reveal a major role for cell-autonomous glial pathology in the etiology of child-onset 
schizophrenia. 
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Abstract: A major challenge in understanding human neuropsychiatric disorders has been the 
lack of viable cells and tissues for analysis. Patient-derived induced pluripotent stem cells (iPSC) 
offer the opportunity to examine the full complement of neural tissues and the prospect of 
identifying underlying disease mechanisms. To study bipolar disorder (BP), we have derived and 
characterized iPSC from fibroblasts obtained from controls (C) and patients with BP, and have 
differentiated them into neurons and glia. With the fluorescent calcium indicator, Fluo-4 AM, we 
can measure differences in spontaneous and evoked neuronal responses in BP versus C neurons. 
While both BP and C neurons respond to depolarization, we find that BP neurons have greater 
calcium transients in response to certain types of stimulation than C neurons. We have also found 
that lithium pre-treatment reduces BP neuron calcium transients and wave amplitude to levels 
comparable to C neurons. We are currently using these cell models to investigate the role of 
rs1006737, a single nucleotide polymorphism in the CACNA1C calcium channel gene - and a 
genetic risk factor for BP - in neuronal differentiation and function. We used the CRISPR/Cas9 
genome editing system to edit BP cells with the rs1006737 risk genotype (AA) into the nonrisk 
(GG) genotype, and we are now assessing calcium signaling and differentiation potential in the 
corrected cells. One potential BP therapeutic, ketamine, may act by altering calcium signals in 
target cells. To evaluate this, we are using our cell models to assess how ketamine alters 
patterning and differentiation in BP and C neurons. We are also studying mouse neurons lacking 
specific calcium channels to investigate how these channels mediate neuronal calcium transients 
observed by Fluo-4 AM. The overarching goal of our research is to identify novel disease 
phenotypes and mechanisms involved in bipolar disorder, with the ultimate aim of improving 
treatment. 
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Title: Functional synaptogenesis in human stem cell derived neurons for neurotoxicity studies 
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Abstract: Neurons derived from human pluripotent stem cells (hPSCs) have the potential to 
provide a physiologically relevant model to study the clinical manifestations of various toxins, 
such as botulinum neurotoxins. Numerous publications describe the differentiation of human 
pluripotent-derived neural stem cells (hNSCs) in vitro, and demonstrate morphological markers 
of neurotypic identity months after derivation. However, neuronal models often fail to exhibit 
active synapses with network-level responses. Therefore, we sought to accelerate conditions for 
the functional maturation of hPSCs into networked cultures of hNSCs. We have previously 
described the morphological and functional maturation of various hNSCs by 
immunocytochemistry and whole-cell patch-clamp electrophysiology. Results demonstrate that 
within 7 weeks of differentiation hNSCs displayed appropriate compartmentalization of post-
mitotic morphological markers (e.g., MAP2, Tau and/or NeuN) as well as miniature post-
synaptic currents (mPSCs). mPSCs were blocked with the treatment of CNQX, an AMPA 
agonist confirming excitatory AMPA receptor-mediated events. Addition of botulinum 
neurotoxin serotypes A or B to hNSCs resulted in SNARE protein cleavage and termination of 
spontaneous synaptic activity. Currently, we are investigating the maturation of human 
pluripotent stem cell-derived motor neurons (hPSC-PMNs). Preliminary studies indicate the 
presence of post-mitotic morphological neurotypic markers (e.g. MAP2, Tau and/or NeuN), and 
the emergence of immature neuronal activity in as early as 21 d after plating. In combination 
with previous findings, these data suggest that careful differentiation of commercially available 
human-induced pluripotent stem cell-derived neuronal populations can produce physiologically 
relevant, synaptically active neuronal cultures that are suitable for mechanistic and high-
throughput therapeutic screening studies of biological and chemical neurotoxins. 
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Abstract: Long-term potentiation (LTP) and long-term depression (LTD) in neuronal networks 
has been analyzed using in vitro and in vivo techniques in simple animals to understand learning, 
memory, and development in brain function. Human induced pluripotent stem cell (hiPSC)- 
derived neurons may be effectively used for understanding the plasticity mechanism in human 
neuronal networks, thereby elucidating disease mechanisms and drug discoveries. In this study, 
we attempted the induction of LTP and LTD phenomena in a cultured hiPSC-derived cerebral 
cortical neuronal network using multi-electrode array (MEA) systems. High-frequency 
stimulation (HFS) produced a potentiated and depressed transmission in a neuronal circuit for 1 h 
in the evoked responses by test stimulus. The cross-correlation of responses revealed that spike 
patterns with specific timing were generated during LTP induction and disappeared during LTD 
induction and that the hiPSC-derived cortical neuronal network has the potential to repeatedly 
express the spike pattern with a precise timing change within 0.5 ms. We also detected the 
phenomenon for late-phase LTP (L-LTP) like plasticity and the effects for synchronized burst 
firing (SBF) in spontaneous firings by HFS. In conclusion, we detected the LTP and LTD 
phenomena in a hiPSC-derived neuronal network as the change of spike pattern. The studies of 
plasticity using hiPSC-derived neurons and a MEA system may be beneficial for clarifying the 
functions of human neuronal circuits and for applying to drug screening. 
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Abstract: The blood-brain barrier (BBB) constitutes a component of the neurovascular unit 
formed by specialized brain endothelial cells (BMECs) surrounded by astrocytes, pericytes and 
neurons. It plays an important role in the maintenance of the brain homeostasis by the presence 
of a dual barrier providing a physical (tight junctions) and chemical (efflux pumps) barrier 
against pathogens and toxic compounds. 
Dysfunction of the BBB function is associated with many neurological diseases, in particular 
with neurodegenerative diseases. However, current in vitro models of the human BBB are 
limited by their poor barrier properties, whereas the cellular mechanisms described in rodent-
based models remain to be validated. In this study, we developed a patient-specific model of the 
BBB using patient-derived induced pluripotent stem cells (iPSCs) and differentiated these cells 
into BMECs, neurons and astrocytes using established protocols. 
In our hands, iPSC-derived BMECs showed barrier properties similar or better than hCMEC/D3 
monolayers (an immortalized human brain endothelial cell line), as they displayed the phenotype 
of a mature BBB. 
Furthermore, we were capable to differentiate neurons and astrocytes from the same iPSCs. We 
demonstrated that such neurons were sensible to known neurotoxic compounds. In addition, such 
neurons and astrocytes were capable to up-regulate the barrier tightness in iPSC-derived BMECs 
monolayers upon co-cultures. 
In this study, we demonstrated the ability to develop an all-inclusive and functional in vitro 
model of the neurovascular unit capable to integrate astrocytes, BMECs and neurons. 
Our future direction is focused on using such model to better understand clearance of Abeta 
peptides across the BBB, as well as the impact of genetic factors on the BBB by differentiating 
iPSCs from patient suffering from a early onset of familial Alzheimer disease (eFAD). 
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Title: Effect of different human recombinant laminin isoforms on human pluripotent stem cell -
derived neurons In vitro 
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Abstract: Extracellular matrix plays a crucial role in the central nervous system (CNS). 
Laminins are one of the major protein groups in the extracellular matrix participating in many 
aspects of the CNS physiology. These large heterotrimeric glycoproteins consist of α, β and γ 
chains, which can be assembled into variety of different isoforms. Biological roles of laminin 
isoforms in developing human CNS have not previously been extensively studied, but recently 
human recombinant laminin isoforms have become commercially available facilitating the 
research. Human pluripotent stem cells (hPSCs) can be utilized for efficient production of human 
neuronal cells in vitro. Combination of human-derived cells with defined laminin isoforms 
enables more detailed in vitro research aiming to better understand the role of different laminin 
isoforms in the development, function and repair of the human CNS. 
The aim of this study was to compare how different human recombinant laminin isoforms 
support the growth and development of hPSC -derived neurons in vitro. The functionality of 
developing human neuronal networks on different laminin isoforms was studied, and to our 
knowledge this aspect has not been considered in any previous studies. 
Commercially available, human recombinant laminin isoforms 211, 332, 411, 511, 521 
(Biolamina) and human recombinant laminin 511 fragment E8 (Takara Bio Inc.) were used as 
cell culture substrates. Cell attachment, viability, proliferation, and neuronal differentiation were 
studied on different laminin isoforms using immunocytochemistry and quantitative image 
analyses. In addition, gene expression profiles of extracellular matrix associated molecules were 
compared using quantitative RT-PCR and electrophysiological measurements using 
microelectrode array were performed to monitor the functionality of cultured neuronal networks. 
Laminin isoforms containing α5-chain were most supportive for hPSC -derived neurons in terms 
of cell attachment, viability, proliferation, and activity development. Cells formed spontaneously 
active neuronal networks on all tested laminin isoforms, however, distribution of the network 
activity was affected by laminin isoforms. Furthermore, human recombinant laminin 511 
fragment E8 alone supported growth and functional development of hPSC -derived neurons 
equally well compared to full length laminin molecule. 
In conclusion, human recombinant laminin isoforms and specific laminin fragments can be used 
for efficient xeno-free and defined culturing of hPSC-derived neurons. This in vitro system 
facilitate defined research concerning laminin isoforms in human CNS. 
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Abstract: Emerging concepts point to a role for human-specific genes in complex human 
diseases. CHRFAM7A is a human specific fusion gene, a result of multiple chromosomal 
rearrangements on chromosome 15 during evolution. The region has ongoing instability, and 
various neurological phenotypes have been reported in the context of deletions and duplications. 
CHRFAM7A has been implicated in neuropsychiatric and neurodegenerative disorders; human 
specific diseases affecting higher cognitive function. Recently two independent CNV GWAS 
studies reported an association between CHRFAM7A dosage and Alzheimer’s disease (AD). The 
CHRFAM7A fusion gene harbors a part of the alpha 7 nicotinic acetylcholine receptor 
(CHRNA7) and 4 new exons of the FAM7 sequence corresponding to a part-functional CHRNA7 
and a part-kinase (FAM/ULK4) sequence. In vitro CHRFAM7A affects cell response to the 
canonical CHRNA7 ion-gated channel. Furthermore, it has an important role in inflammation. 
We report the characterization of two iPSC lines - UB019 and UB068 - with two and zero copies 
of CHRFAM7A, respectively. iPSCs (three colonies/line) were generated from human skin 
biopsies from patients with AD by episomal transformation containing Oct4, Sox2, Klf4, c-Myc 
and Nanog. Three colonies per line/individual were characterized for: i) chromosomal 
abnormalities (aCGH), ii) genome-wide DNA methylation (RRBS), iii) gene expression profiles 
(Affymetrix gene expression array), and iv) lineage preference using non-directed EB 
differentiation followed by TagMan hPSC Scorecard Panel. The colony with the highest 
preference for neuroectodermal differentiation was selected for the further neuronal and 
microglial differentiation. The iPSC lines expressed pluripotency markers by qPCR and ICC. 
There were no chromosomal aberrations detected in the iPSC lines. During propagation of the 
cell lines the CHRFAM7A CNV remained stable. Genome-wide DNA methylation changes were 
detected as expected, but did not affect CHRFAM7A expression levels. Non-directed 
differentiation confirmed the presence of markers of all three germ layers. 60% of the colonies 
for each line showed neuroectodermal preference of differentiation. iPSCs differentiated into 



type- specific neurons or microglia provide an in vitro assay system to study the effect of a given 
CNV on the pathomechanism of disease. After establishing readout and rescue, this in vitro 
system is also adaptable for high throughput drug screen in a genotype and mechanism-specific 
manner. 
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Abstract: The Blood Brain Barrier (BBB) is critical in maintaining a physical, metabolic, 
transport barrier between the blood and the brain. The BBB consists of brain microvascular 
endothelial cells (BMECs) that form the brain micro-vasculature and are supported by astrocytes, 
neurons, pericytes, and neural stem cells, that altogether form the neurovascular unit. A number 
of in vitro BBB models have been developed to elucidate the role of BBB in brain development, 
function, and disease, and to develop potential therapeutic approaches. Primary isolated or 
transformed BMECs dedifferentiate and lose their barrier properties once they are removed from 
their microenvironment and often exhibit sub-par BBB phenotypes. Inter-species variations limit 
the translation of a number of BBB studies to a human in vivo setting. Additionally, previous 
BBB models consist of cell types from multiple species and with primary cells isolated from 
animals of various developmental stages. Thus, the ability to derive stem cells from healthy and 
diseased human patients, differentiate them into the multiple cell types of the neurovascular unit, 
and investigate BBB characteristics all while maintaining the original host genotype makes a 



human stem cell-derived BBB model potentially powerful for dissecting human diseases. 
To this end, we have successfully differentiated BMECs, astrocytes, and neurons from human 
induced pluripotent stem cells (iPSCs). Compared to other in vitro BBB models, these iPSC-
derived BMECS exhibit more physiologic BBB phenotypes, such as a high transendothelial 
electrical resistance, low permeability, polarized efflux transport, and expression of tight junction 
markers. The addition of co-culture with neurons and astrocytes further elevated trans-
endothelial electrical resistance (TEER), reduced permeability, and improved tight junction 
continuity in the endothelial cell population. Varying the ratio of neurons and astrocytes to match 
that roughly similar to the human brain (1 neuron: 3 astrocytes) was found to be the most BBB 
enhancing. For the first time, we have developed a completely human induced pluripotent stem 
cell-based BBB model. The ability to derive an isogenic BBB model consisting of astrocytes, 
neurons, and BMECs from the same original stem cell source could have major implications in 
further understanding the interplay between varying cell types of the BBB in both healthy and 
pathological states. 
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Title: Exploring the role of estrogens and inflammation in neurodevelopmental disorders using 
human induced pluripotent stem cells 
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Abstract: Multiple studies have shown that estrogens have a powerful effect on cognitive 
function. At a cellular level, the actions of estrogens are mediated by multiple neuronal 
signalling pathways, involving classical and non-classical estrogen receptors (ERs). The 
“classical” pathway involves estrogens binding to ERα and ERβ, transcription factors that 
regulate target gene transcription via binding to estrogen response element sequences and 
recruitment of other regulatory proteins. The “non-classical” pathway involves estrogens binding 
to membrane-bound ERα and ERβ, as well as the G protein-coupled receptor GPER1. Activation 
of these receptors results in the activation of multiple effectors, leading to various downstream 
effects, including remodelling of neural circuitry, modulation of synaptic function and 
connectivity, as well as affecting inflammatory responses. Growing evidence from animal 
studies have also shown that estrogens have a positive effect on behaviours associated with 
neurodevelopmental disorders. Recently, clinical studies have demonstrated that adjunct 
treatment of 17β-estradiol, the main biological estrogen can improve negative, positive and 
general psychopathological symptoms in female patients with schizophrenia. Moreover, the 
selective estrogen receptor modulator, Raloxifene has been reported to improved attention and 
memory in male and female patients with schizophrenia. However, the mechanisms through 
which estrogens exert their beneficial effects in schizophrenia remain unclear. It has been posited 
that estrogens may modulate the inflammatory component and/or morphology and synaptic 
deficits in schizophrenia. In order to explore the potential mechanisms that underlie estrogen's 
positive effect in schizophrenia, and other neurodevelopmental disorders, we have used human 
induced pluripotent stem cells (iPSCs) as a cellular model. Using a combination of 
pharmacological challenges, including exposure to the cytokine Interleukin 1 beta (IL1β) in 
iPSCs generated from healthy and patient specific cells, we have explored the ability of 
estrogens to rescue deficits in neuronal morphology and synaptogenesis. To this end, we have 
performed immunocytochemistry and image analysis to characterise the effects of IL1β or 
estrogens on neuronal morphology and the expression of synaptic proteins in iPSC-derived 
cortical neurons. We then explored the effects of estradiol, estrogen receptor agonists and 
Raloxifene in modulating IL1β-induced phenotypes. Collectively, we hope these data will help 
us understand how estrogens may confer their positive effects in neurodevelopmental disorders. 
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Abstract: Ontogeny requires coordinated regulation of multi-gene programs by a plethora of 
epigenetic signals to execute the cell transitions between self-renewal, proliferative expansion 
and differentiation. Central function is played by a novel panontogenic mechanism, Integrative 
Nuclear Fibroblast Growth Factor Receptor 1 Signaling (INFS) (J. Cell Physiol 2016, 231: 
1199–1218). To analyze the role of INFS in human neural development, we modeled the early 
formation of the human brain in 3D cerebral organoid cultures developed from hESC lines 
(HUES8 iCAS9N) and control and schizophrenic iPSCs. It takes approximately one month for 
the organoids to develop. Stem cells are cultured with various media to first induce the formation 
of embryoid bodies, next forms neuroectoderm, then neuroepthelial tissue, and finally 
differentiated cerebral organoids. Once at this step, organoids may stay in the incubator for 
months growing up to several mm in size. 
These cerebral organoids form a ventricular zone with radial astrocytic stem cells, a subcortical 
zone and cortical layers containing multitudes of neurons and connecting interneurons. The 
functions of nuclear FGFR1 are investigated by CRISPR/CAS9 mutagenesis of different FGFR1 
gene regions important in the generation of the nFGFR1. These mutations have a profound effect 
on the neuronal morphology and formation of intercellular connections. Our results support the 
major role of nuclear FGFR1 in the control of human brain development. Given the proposed 
role of immune activation on neural development, and its involvement in schizophrenia, we are 
also analyzing the effects of the immune factor, TNFα, on the formation of these neuronal 
networks. 



To analyze the formation of functional neuronal networks, we transfected 2D cultured cells with 
Channel Rhodopsin (ChR) and used 488 nm laser light to activate the channel and induce 
calcium signaling across cellular networks, visualized by a calcium dye, Rhodamine-3, imaged at 
560 nm. In addition, to improve on this technology, and for future use in the human brain 
interface, we designed and fabricated nano-photonic actuators (nano-lasers) and receivers (nano-
photodetectors) to activate and monitor neuronal networks. Indium Gallium Arsenide Phosphide 
(InGaAsP) over Indium Phosphide (InP) is utilized as the active semiconductor material and 
substrate, respectively. In order to minimize the optical signal propagation loss, neuronal 
networks are being grown on top of the InGaAsP layer (following sterilization by exposure to 
UV light). These nanophotonic devices may facilitate our ability to monitor and interact with the 
cellular networks. 
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Abstract: Mood disorders such as anxiety and depression have strong ties to hippocampal 
serotonin (5-HT) signaling, and are more prevalent in women than in men. Aberrant serotonin 1A 
receptor (5-HT1A R) signaling, an established model of anxiety and depression, is correlated with 
decreased neurogenesis in the adult dentate gyrus region of the hippocampus. Little is known 
about neonatal sex differences in neurogenesis, synaptogenesis, behavior and plasticity in the 5-
HT1A R KO model. Immunohistochemical staining of immature neurons for colocalized 
Doublecortin and BRDU, our earlier studies have suggested that 5-HT1A-R signaling through 



protein kinase C epsilon (PKCε) augments neuroproliferation in the hippocampus at postnatal 
day 6 (P6). Our group has also found increased anxiety behavior in adult 5-HT1A-R (-/-) (KO) 
females, thus making sex differences in this model intriguing. Verification of this study, as well 
as sex differences in neurogenesis, quantification was performed with a modified stereological 
technique in Imaris, a powerful imaging analysis tool. Synaptogenesis and dendrite morphology 
are also important in brain development and sex differences remain unexplored. Our published 
transmission electron microscopy (TEM) studies show that hippocampal 5-HT1A-R stimulation at 
P15 elicits a major boost in synaptogenesis. TEM in the CA1 region was performed on the CA1 
region of P11 hippocampi, which is a critical period for hippocampal synaptogenesis in mice. 
Currently synapses are being quantified and DiI traced dendrites are being analyzed in Imaris 
with the Filament Tracer tool. Field recordings of the trisynaptic pathway in adolescent brain 
slices are being analyzed to determine if KO and wild-type mice have Schaffer collateral 
plasticity differences in brain development. In addition, early developmental milestones are 
being tested for behavioral differences that can appear postnatally. Together these studies will 
reveal how aberrant 5-HT1A-R signaling can influence later-life mood disorders, and their sex 
differences, and may lead to therapeutic strategies for these debilitating disorders. 
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Title: The role of cadherin diversity in synapse development 
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Abstract: Variations in cadherin cell adhesion molecule genes are associated with 
schizophrenia, autism, obsessive compulsive disorder, and learning disabilities; disorders likely 



caused by synaptic defects. Cadherins are necessary for synapse development, but their role in 
linking cell-adhesion to synapse formation is not well understood. Furthermore, there are 18 
classic cadherins in mice and humans, and most are expressed in the brain with overlapping, yet 
distinct, patterns. Thus, individual neurons express multiple cadherins, but the role of cadherin 
diversity within individual neurons has not been systematically studied. Here we address this 
fundamental gap by focusing on two cadherins (N-cadherin and cadherin-9) in hippocampal 
synapse development. We show that both cadherins localize to the same class of synapses, but 
are differentially trafficked and play distinct roles in synapse development. This evidence 
supports a model in which diverse cadherins provide unique functions at individual synapses. 
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Abstract: The outgrowth of new dendritic spines is closely linked to the formation of new 
synapses, and is thought to be a vital mechanism underlying behavioral and synaptic plasticity. 
We recently identified the proteasome as a key regulator of activity-dependent spinogenesis. 
Here, we examined the role of the RhoGEF, Ephexin5, in connecting proteasome activation to 
enhanced spine outgrowth. We found that Ephexin5 acts globally as an inhibitor of spine 
outgrowth, and that it is degraded in an activity-dependent manner in neuronal dendrites and 



mature dendritic spines. Remarkably, we also found that a degradation-resistant pool of 
Ephexin5-GFP accumulated on the dendrite prior to new spine outgrowth, and that removal of 
Ephexin5 through knockout or RNAi inhibits activity-dependent spine outgrowth induced by 
global or highly localized stimulation. Our data suggest that Ephexin5 serves a dual role in 
spinogenesis, acting both as a brake on overall spine outgrowth and as a necessary component in 
the site-specific formation of new dendritic spines. 
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Abstract: Mesencephalic dopaminergic (mDA) neurons are critically involved in various key 
functions of the mammalian brain, including voluntary movement, reward, attention, and 
learning. Dopaminergic circuitry dysfunctions are linked to the development of neuropsychiatric 
disorders, including obsessive-compulsive disorder (OCD) and OCD-like disorders, such as 
Tourette’s syndrome (TS) and trichotillomania (TTM). The LIM-homeodomain transcriptional 
factors Lmx1a and Lmx1b are early determinants of the dopaminergic fate and are essential for 
each step of mDA progenitor differentiation. Using mDA primary cell cultures we found that the 
loss of function of Lmx1a/b alters dendritic morphology. Spontaneous miniature excitatory and 
inhibitory post synaptic currents (mEPSC and mIPSC respectively) were also altered in acute 
slices of Lmx1a/b double conditional mutant (cKO) mice. Using gene expression profiling 



experiments in Lmx1a/b cKO mice, we found that Lmx1a/b controls the expression of Slitrk2 
and Slitrk5, two members of the Slit and Trk-like (Slitrk) protein family. Gain and loss of 
function of Slitrk2/5 in mDA cell cultures induced abnormal dendritic morphology and altered 
synaptic inputs. More specifically, gain and loss of function of Slitrk2 caused a change in the 
density of excitatory synaptic puncta (PSD95 and VGLUT), but not in inhibitory ones (gephyrin 
and VGAT). Accordingly, we observed a difference in the frequency, but not in the amplitude, of 
mEPSCs, after Slitrk2 knockdown or Slitrk2 overexpression. These data suggest a role for 
Slitrk2 in the formation of functional excitatory synapses. Inversely, gain and loss of function of 
Slitrk5 induced a modification in the density of inhibitory synaptic puncta but not in excitatory 
ones. Accordingly, we observed a difference in the frequency, but not in the amplitude, of 
mIPSCs, after Slitrk5 knockdown or overexpression. These data suggest a role for Slitrk5 in the 
formation of functional inhibitory synapses. We also investigated the consequences of Slitrk2 
and Slitrk5 inactivation on mDA neurons development in vivo and mouse behaviour. 
Preliminary observations in mice, in which Slitrk2 and Slitrk5 were conditionally knocked-out in 
mDA neurons using CRISPR-Cas9, confirm our in vitro findings. In addition, analysis of mice 
lacking Slitk2 in mDA neurons shows that they exhibit OCD-like behaviour. Altogether, our 
results suggest that Lmx1a/b and Slitrk2/5 are key players in mDA neurons development and 
synapses formation. This study should contribute significantly to a better understanding of 
mechanisms involved in OCD-like disorders. 
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Abstract: The functionality of the mammalian central nervous system depends on the formation 
of an extensively precise network of synaptic contacts assembled during development. The 



Nogo-66 receptor (NgR1), a principal mediator of myelin and CSPG-dependent outgrowth 
inhibition, negatively regulates synapse formation and is important for the closure of the critical 
period. In the present study, we evaluated the role of synaptic NgR1 proteolysis in the 
development of excitatory synapses. We identify membrane-type MMPs (MT-MMPs), a 
membrane-bound MMP subfamily, to be present in the mature rodent brain and to correlate with 
NgR1 spatiotemporal expression. NgR1 shedding gradually increases in the postnatal cortex and 
correlates with periods of excitatory synapse development. We characterize MT3-MMP as the 
protease most likely responsible for synaptic NgR1 processing. Expression of a constitutively 
shed NgR1 protein increases excitatory synapse formation, while blocking NgR1 cleavage 
decreases the number of excitatory synapses. Furthermore, treatment with a soluble Ecto-NgR1 
(1-358) fragment accelerates excitatory synaptogenesis. Our results identify synaptic Nogo-66 
receptor to be subject to MT3-MMP cleavage and raise the interesting possibility that regulated 
NgR1 cleavage may play a role in the development of excitatory synapses in cortical neurons. 
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Abstract: Neural circuit development generally involves the pruning of off-target synaptic 
contacts. In mammals low frequency calcium and cyclic nucleotide oscillations refine visual 
maps in an activity dependent manner. Activity-dependent synaptic refinement also occurs at the 
Drosophila neuromuscular junction (NMJ). Oscillatory neural activity and presynaptic calcium 
signaling regulate the motoneuron’s response to the muscle-derived chemorepellant Sema2a, 
acting through the PlexinB receptor. We find that mutations in the Ca-dependent adenylyl 



cyclase Rutabaga and the cAMP-dependent phosphodiesterase Dunce also disrupt normal 
refinement, leading to ectopic neuromuscular synapses on up to 30-40% of the examined muscle 
fibers. We also demonstrated a role for several molecular players acting downstream in the 
neuron. These include CaMKII, PKA, and Calcineurin. Loss of function of these genes lead to 
miswiring with ectopic frequencies of 25-35%. We also have found a role for the protein 
phosphatase 1 family. PP1 functions as a molecular link between several components of the 
pathway: PP1 is regulated by Calcineurin and PKA, and dephosphorylates CaMKII. As Ca 
oscillations are essential for normal refinement in this system, we tested whether cAMP must 
also oscillate. Optogenetic photoactivation of the bPAC adenylyl cyclase with a 15 s light:150s 
dark cycle suppressed the miswiring phenotype observed in rut1 adenylyl cyclase mutants. No 
rescue was observed using activation patterns of shorter or longer cycles (8s light: 80s dark or 
30s light: 300s dark). Given that an experimentally induced cAMP oscillation is sufficient to 
rescue miswiring, we also tested whether cAMP oscillations are necessary. cAMP levels were 
adjusted to different levels by continuously activating bPAC at various light intensities. A rescue 
was seen only at a specific intermediate level of activation. bPAC exhibits a constitutive baseline 
level of activity in the dark. Thus, we examined various levels of transgene expression, using an 
inducible geneswitch driver. A rescue of the rut1 miswiring phenotype was once again observed 
with specific levels of bPAC induction. Thus we propose that presynaptic cAMP activity must 
exist within an optimal range for Semaphorin-dependent synaptic refinement to occur. Finally, 
we have performed live imaging of growth cone Ca in intact, paralyzed embryos. Ca oscillations 
are evident in native and ectopic contacts during synaptic development. We are currently testing 
the effects of Ca dynamics and various mutant backgrounds on filopodial behavior during the 
innervation of correct and incorrect target muscles. 
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Abstract: Alterations in the expression of the MET receptor tyrosine kinase have been 
associated with autism spectrum disorder and Rett syndrome. In the neocortex, MET is 
expressed in subpopulations of excitatory projection neurons, with peak expression 
corresponding to the period of process outgrowth and synaptogenesis. In mice, variations in 
MET signaling modulate dendritic growth, synapse formation, and circuit development and 
function. Recently, we showed that the MET protein interactome is enriched in proteins 
implicated in neurodevelopmental disorders. Here, we hypothesize that the cellular and 
physiological changes due to reduced MET expression will be reflected by changes in the 
synaptic proteome. To address this, we used quantitative proteomic methods to measure 
alterations in proteins expressed at the neocortical synapse at the peak of synaptogenesis in the 
absence of MET signaling. Four independent synaptosome preparations were generated from the 
neocortex of postnatal day 14 Metfx/fx/nestincre null mice, in which Met is deleted from all neural 
cells, and from wild type littermates. Two 4-plex iTRAQ (isobaric tag for relative and absolute 
quantitation) runs were performed by the Vanderbilt University Mass Spectrometry Research 
Center Proteomics Laboratory, each comparing 2 wild type/null pairs. After filtering to a 
conservative false discovery rate of <1%, and including proteins with at least two unique peptide 
measurements, 2728 (run 1) and 3037 (run 2) proteins were identified, with 2452 proteins 
common to both runs. The protein list contains 157 proteins annotated as synaptic proteins and 
502 as mitochondrial proteins, the latter reflecting the high concentration of mitochondria at the 
synapse. Further, 2195 of the 2452 proteins were identified in an iTRAQ study using 
synaptosomes prepared from P21 neocortex1. The quantitative ratio for each protein was 
calculated for each null/wild type pair, with a value of 1 indicating that there was no difference 
between the genotypes. Proteins with an average fold-change <0.8 across the 4 replicates were 
considered downregulated, while those >1.2 were considered upregulated in Met null 
synaptosomes. A total of 52 proteins were differentially expressed, with 40 upregulated and 12 
downregulated. These included proteins involved in proteasome assembly and ubiquitination (6), 
plasticity (4), cytoskeleton and process outgrowth (8) and signal transduction (5). MET receptor 
disruption thus results in adaptive changes to the developing synaptic proteome that are 
consistent with altered function. 1Moczulska et al., J. Proteome Res. 2014, 13: 4310-4324. 
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Abstract: The α-, β-, and γ-Protocadherins (γ-Pcdhs) are cadherin superfamily adhesion 
molecules encoded by clustered gene families. The 22 γ-Pcdhs are combinatorially expressed in 
the brain, and play critical roles in synaptogenesis, dendrite arborization and patterning, and the 
survival of subsets of neurons. The γ-Pcdhs can interact promiscuously with each other, and with 
other clustered Pcdhs, in cis, but interact strictly homophilically in trans. Mice lacking the γ-
Pcdhs in the cerebral cortex exhibit severely reduced dendrite arborization (Garrett, et al., 
Neuron, 2012). Recently we demonstrated that γ-Pcdhs promote dendrite arborization in vivo 
through local neuron-neuron and neuron-astrocyte homophilic interactions (Molumby et al., Cell 
Reports, 2016). Though γ-Pcdhs regulate the progression of spinal cord synaptogenesis (Garrett 
and Weiner, J. Neurosci., 2009), a role for these molecules in cortical dendritic spines and 
synapses has yet not been examined. 
Here, we provide evidence that the γ-Pcdhs negatively regulate synapse formation and spine 
morphogenesis in forebrain neurons. Mice lacking all γ-Pcdhs in the cortex exhibit significantly 
increased spine density in vivo, while spine density is significantly decreased in mice 
overexpressing one of the 22 γ-Pcdh isoforms. We thus asked whether the γ-Pcdhs might be 
inhibitory in an artificial synapse co-culture assay. Indeed, we found that multiple γ-Pcdhs can, 
when co-expressed in COS cells, strongly inhibit the ability of the synaptic cell adhesion 
molecule neuroligin-1 to promote presynaptic differentiation in contacting axons. The γ-Pcdhs 
physically interact in cis with neuroligin-1 on dendrites of cultured neurons, and can co-
immunoprecipitate neuroligin-1 both in vitro and in vivo. We present in vitro evidence that the 
interaction between γ-Pcdhs and neuroligin-1 disrupts the latter’s binding to its presynaptic 
partner neurexin1β. Additionally, we show that γ-Pcdh overexpression in cultured hippocampal 
neurons suppresses the increase in spine density observed upon neuroligin-1 overexpression. 



This work suggests a potential new mechanism by which γ-Pcdhs regulate the “choice” between 
dendrite arbor growth and formation and/or stabilization of dendritic spines and synapses in the 
developing brain. 

Disclosures:  M.J. Molumby: None. R.M. Anderson: None. D.J. Newbold: None. N.K. 
Koblesky: None. A.M. Garrett: None. D. Schreiner: None. J.J. Radley: None. J.A. Weiner: 
None. 

Poster 

583. Mechanisms of Synapse Formation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 583.09/C22 

Topic: A.06. Synaptogenesis and Activity-Dependent Development 

Support: NIH Intramural Research Program 

Title: Inhibitory synapse development: Live imaging of dynamic gephyrin clusters at the 
convergence of multiple interaction pathways 

Authors: *S. BROMLEY-COOLIDGE, W. LU;  
NINDS, NIH, Bethesda, MD 

Abstract: While many aspects of excitatory synapse development have been described, 
inhibitory synapse development has been comparatively understudied. Excitatory synapses do 
not exist in a vacuum; inhibitory synapses control neuronal excitability and synchronize neural 
networks, and consequently must be in a dynamic balance with excitatory synapses for proper 
neural circuit function. Malfunctions of inhibitory synapse development have been shown to lead 
to many neurological and neuropsychiatric disorders. Therefore, it is imperative to study the 
mechanisms governing inhibitory synapse development in order to have an informed 
understanding of neural circuit development and function. Gephyrin is a postsynaptic scaffolding 
protein analogous to PSD-95 but specific to inhibitory synapses. It is a crucial element of 
inhibitory synapse development and plasticity; however, the underlying mechanisms converging 
on gephyrin during synapse development remain largely elusive. Here we used in vitro live 
imaging to examine gephyrin dynamics in developing GABAergic synapses, revealing the 
various pathways through which inhibitory synapse development is modulated. Dissociated 
hippocampal and striatal cultures were made from embryonic day 18.5 mice, and imaged at 6-8 
days in vitro. Various pharmacological manipulations were performed, including inhibition or 
activation of receptors and channels, as well as the modulation of kinases, cell adhesion 
molecules, and glial-secreted molecules. In order to systematically evaluate the effect of each 



factor on early development, we observed the changes in cell morphology as well as the 
production, clustering, and motility of GFP- or mCherry-tagged gephyrin clusters at GABAergic 
synapses. All together, the live imaging of synaptic gephyrin reveals complex dynamics and 
continuous remodeling important for understanding the mechanisms underlying functional and 
dysfunctional inhibitory synapse development. 
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Abstract: Fluoxetine (FLX) is a serotonin re-uptake inhibitor commonly used to treat major 
depressive disorder. This antidepressant is also the most commonly prescribed drug for pregnant 
woman who are suffering from depression. Changes in c-Fos (transcription factor indicating 
neuronal activity) and synaptophysin (syn, glycoprotein of presynaptic vesicles; indicative of 
synaptic plasticity and remodeling) immunoreactivities have been demonstrated in animal, and in 
vitro, studies after chronic or acute FLX treatment. It has been shown that chronic FLX treatment 
increased c-Fos expression in the lateral septal nucleus, the nucleus of the stria terminalis, the 
medial amygdala, and dorsal raphe; while a decreased was detected in the locus coeruleus. Other 
studies have shown that chronic FLX treatment induced syn expressions in the adult rat 
telencephalon and hippocampal neurogenesis. We have previously demonstrated that FLX 
treatment during embryogenesis affected craniofacial organization. This project has two 
objectives: 1) determine if chronic treatment of FLX during embryonic development will alter c-
Fos expression and 2) determine if modulation of serotonin concentration will have an effect on 
the expressions of syn in the hypothalamic region of the brain. This project utilized the embryo 
culture technique (Calibuso-Salazar and Ten Eyck, 2015) using the directly developing Puerto 
Rican coquí frog, Eleutherodactylus coqui to assess the effects of FLX on c-Fos and syn 
expressions. The E. coqui embryos were directly exposed chronically to FLX concentrations 
ranging from 0.1µM to 1mM. Immunocytochemistry (anti-cFos and anti-syn) was performed on 



sectioned brains to determine changes in c-Fos and syn expressions. We found that chronic FLX 
treatment during embryonic development altered c-Fos and syn expressions during brain 
development. The number of immunopositive cells decreased as we increase the concentration of 
FLX. The results suggest that modulation of monoamine levels via chronic treatment of FLX 
during embryonic development leads to reduced dendritic branching and synaptogenesis, thus in 
turn, reduced chemical synapses. 
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Abstract: The ghrelin receptor or growth hormone secretagogue receptor type 1a GHSR1a is a 
G-protein coupled receptor highly expressed in several regions of the central nervous system 
both pre- and post-synaptically. How GHSR1a controls neuronal activity is still poorly 
understood but multiple mechanisms seem to be implicated. GHRS1a displays two active modes, 
one dependent on ghrelin binding, its endogenous ligand, and another one termed constitutive 
active mode independent from ghrelin binding and relying only on GHSR1a expression levels. 
Recent data from our laboratory suggest that GHSR1a modulates pre-synaptic neurotransmitter 
release by controlling pre-synaptic voltage-gated calcium channels (CaV2) by two independent 
mechanisms signaling through two different cellular pathways: an acute, Gq-dependent and 
reversible one, mediated by ghrelin binding to the GHSR1a, and a chronic one, mediated by a 
Gi/o-dependent reduction of CaV2 membrane density due to GHSR1a constitutive activity. CaV2 
are fundamental structures for neurotransmission, as they allow calcium influx to the pre-
synaptic terminal in response to action potentials and thus trigger synaptic vesicles, SVs, fusion 
to the plasma membrane containing neurotransmitters. In this context, we hypothesize that this 



constitutive modulation could be relevant in synapse formation when the establishment of CaV2 
sub-localization is critical. Thus, we evaluated if GHSR1a expression modifies synapse activity 
at early stages in primary hippocampal cultured neurons from wild type versus GHSR1a 
knockout mouse embryos by whole-cell patch clamp experiments. We first recorded CaV2 total 
currents and found larger CaV2 currents in GHSR1a knockout mice cultures versus wild-type 
mice cultures. We then evaluated miniature spontaneous post synaptic currents, mSPSCs. We 
also studied evoked inhibitory and excitatory post synaptic currents, IPSCs, at different days in 
vitro. We found that GHSR1a constitutive activity CaV currents reduction correlates with smaller 
IPSCs. Based on our data, we propose that GHSR1a constitutive active mode differentially 
modulates the timing of spontaneous and action potential-evoked neurotransmitter release. 

Disclosures:  V. Martinez: None. J. López Soto: None. J. Raingo: None. 

Poster 

583. Mechanisms of Synapse Formation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 583.12/C25 

Topic: A.06. Synaptogenesis and Activity-Dependent Development 

Title: Altered synaptogenesis in a rat model of subcortical band heterotopia 

Authors: *F. MARTINEAU1,2, F. WATRIN1,2, L. FOURNIER1,2, E. BUHLER1,2, F. 
SCHALLER1,2, H. KAWASAKI3, F. SARGOLINI2,4, B. POUCET4,2, A. REPRESA1,2, J.-B. 
MANENT1,2;  
1Inst. de Neurobiologie de la Méditerranée, INSERM, Marseille Cedex 09, France; 2Aix-
Marseille Univ., Marseille, France; 3Univ. of Kanazawa, Kanazawa, Japan; 4Lab. de 
Neurosciences Cognitives, CNRS_UMR7291, Marseille, France 

Abstract: Neuronal migration disorders comprise various cortical malformations resulting in 
neural network alterations, early-onset epilepsy and intellectual disability. These malformations 
occur when newly generated neurons fail to migrate properly and remain stuck somewhere along 
their migration route. Although several genes have been identified as causes for neuronal 
migration disorders, the pathophysiological mechanisms underlying these malformations are still 
poorly understood. We sought to gain a better understanding of these processes by studying 
synapse formation in a rat model of one such malformation called subcortical band heterotopia 
(SBH). This SBH model can be generated by in utero electroporation of a plasmid coding for an 
interfering RNA targeting doublecortin (Dcx), one of the genes responsible for SBH in humans. 
Through the same genetic method, glutamatergic and GABAergic synapses were labeled with 
PSD-95-GFP and GFP-gephyrin respectively, two post-synaptic proteins. In affected neurons, 



Dcx knockdown lead to a major decrease of both glutamatergic and GABAergic post-synaptic 
sites densities. Subsequent tri-dimensional reconstruction of these neurons also revealed a drastic 
simplification of their basal dendritic arborization. Because both the misplacement of the 
neurons and the gene itself could be the origin of these defects, we are now trying to identify the 
relative contribution of each of these parameters to this process. To this end, we are currently 
analyzing two Dcx deficient animal models that do not display any migration defect: a delayed 
Dcx knockdown rat and the Dcx knockout mouse. Analysis of these models should help unravel 
the molecular processes by which synaptogenesis is impaired in our SBH rat model. 
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Abstract: Imbalanced protein homeostasis, such as excessive protein synthesis and protein 
aggregation, is a pathogenic hallmark of a range of neurological disorders. Here, using 
expression of mutant proteins, a knockdown approach and disease mutation knockin mice, we 
show that VCP (Valosin-Containing Protein), together with its cofactor P47 and the endoplasmic 
reticulum (ER) morphology regulator ATL1 (Atlastin-1), regulates tubular ER formation and 
influences the efficiency of protein synthesis to control dendritic spine formation in neurons. 
Strengthening the significance of protein synthesis in dendritic spinogenesis, the translation 



blocker cyclohexamide and the mTOR inhibitor rapamycin reduce dendritic spine density, while 
a leucine supplement that increases protein synthesis ameliorates the dendritic spine defects 
caused by Vcp and Atl1 deficiencies. Because VCP and ATL1 are the causative genes of several 
neurodegenerative and neurodevelopmental disorders, we suggest that impairment of ER 
formation and inefficient protein synthesis are significant in the pathogenesis of multiple 
neurological disorders. 

Disclosures:  Y. Shih: None. Y. Hsueh: None. 

Poster 

583. Mechanisms of Synapse Formation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 583.14/C27 

Topic: A.06. Synaptogenesis and Activity-Dependent Development 

Support: Spanish National Plan SAF2010-21723 

 ERC Grant PNDYAAR 

Title: Identification of Nek7 as a kinase mediating synapse formation in parvalbumin 
interneurons 

Authors: A. J. HINOJOSA1, *C. KIECKER2, B. RICO1;  
1Dept. of Developmental Neurobio., King's Col. London, London, United Kingdom; 2MRC Ctr. 
For Developmental Neurobio., London, United Kingdom 

Abstract: Synapse formation is one of the most determining processes in brain circuit wiring. In 
the cerebral cortex, the two main neuronal populations, glutamatergic pyramidal cells and 
GABAergic interneurons, connect to each other through completely different types of chemical 
synapses. Whereas numerous molecular players have proved to mediate synaptogenesis in 
pyramidal cells, few are the ones identified in interneurons. This study aims, thereby, at 
revealing some of the differential molecular mechanisms that underlie GABAergic versus 
glutamatergic synapse formation in the cortex. To achieve that, we used microarrays to obtain 
the expression profiles of both neuronal types during the synaptogenetic period. To isolate the 
neurons we took advantage of reporter mice that expressed GFP in either pyramidal cells or 
interneurons and used fluorescence activated cell sorting (FACS) to get a pure RNA sample of 
the cell populations. Bioinformatic analysis of the microarray data produced a list of genes 
differentially upregulated during GABAergic and glutamatergic synaptogenesis. 
Among the genes upregulated exclusively during GABAergic synapse formation, we selected 



NIMA (Never in Mitosis Gene A)-Related Kinase 7, Nek7. This gene was increased 12 fold 
during synapse formation and was one of the most specific genes for the interneuron population. 
Nek7 is a serine/threonine kinase that have been proved to regulate the establishment of the 
microtubule-based mitotic spindle and to accelerate the dynamic instability of this cytoskeletal 
component. Microtubules are key regulators of axonal and dendritic arborization in neurons and 
its role in synapse formation and plasticity is starting to be discovered. Thus, Nek7 was a good 
candidate to play a role in the postnatal development of interneurons, including synapse 
formation. Using simultaneously in situ hybridization and immunohistochemistry, we 
demonstrated that Parvalbumin interneurons were the main population expressing Nek7 
transcript. To explore whether Nek7 had a function in the process, we carried out loss-of-
function experiments in vivo with viruses containing a CRE dependent vector that expressed an 
shRNA against Nek7. Then, to target these vectors in Nek7 expressing cells, we performed 
stereotaxic injections in the somatosensory cortex of an Lhx6Cre line, driving Cre recombinase 
expression in a population of interneurons that includes all Parvalbumin cells. Confocal analysis 
revealed that loss of Nek7 caused a reduction in the number of parvalbumin synapses onto 
pyramidal cells. Our findings, unveil a novel protein that is specifically required for inhibitory 
synapse formation in the cerebral cortex. 
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Title: Cdk5 activity is required for EphB-mediated synaptogenesis 
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Abstract: Synapses, the specialized structures between neurons, are a vital component of neural 
circuitry and neurotransmission. The spatiotemporal development of synapses is strictly 
regulated by well-orchestrated signaling cascades. Aberrant synapse development and function 
are believed to be associated with neurological disorders such as autism, schizophrenia, and 
Alzheimer’s disease. However, the molecular basis underlying synapse development is not well 
understood. We previously reported that EphA4 receptor, an Eph receptor tyrosine kinase, 
induces the retraction of dendritic spines, through a mechanism involving cyclin-dependent 
kinase 5 (Cdk5). Here, we investigated a novel role of EphB2, another Eph receptor, in the 
regulation of synapse development and function. EphB2 potentiates the phosphorylation, surface 
expression, and synaptic recruitment of AMPAR receptor subunit GluA1 in a Cdk5-dependent 
manner. Interestingly, Cdk5 and its activator p35 form a complex with EphB2 upon ligand-
induced activation. Suppressing Cdk5 activity by p35 knockdown or administration of Cdk5 
inhibitor perturbed dendritic spine formation and synapse maturation upon EphB2 activation, 
accompanied by reduced synaptic transmission. Hence, our findings strongly suggest that 
excitatory synaptogenesis in hippocampal neurons is regulated by EphB2 in a Cdk5-dependent 
manner. 
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Abstract: Nitric oxide (NO) is a molecule that accumulates in hydrophobic environments such 
as membranes and hydrophobic domains of proteins. Moreover, NO has one unpaired electron, 
which gives a high reactivity characteristic and which allows it to be involved in many 
physiological and pathological processes. In the central nervous system (CNS), NO has been 
involved classically involved in synaptic plasticity related processes, such as long-term 
potentiation. However, the role of NO in the CNS development remains unknown. The aim of 
this project was to evaluate gene expression (by real-time polymerase chain reaction - PCR) and 
protein distribution (by immunofluorescence) of the neuronal nitric oxide synthase (nNOS - an 
enzyme, which are related to the majority production of NO in neurons) in developing and 
mature retina. We measured NO production levels (by the electron paramagnetic resonance 
technique - EPR) during retinal development (P0, P5, P10 and P60) and under effect of 
pharmacological intervention (7-NI blocker). Moreover, we evaluated the effects of NO 
production on synaptic genes. We observed that mRNA levels of the nNOS are present at all 
studied ages. Moreover, nNOS seems to be distributed only in specific layers of retina. 
Specifically, nNOS presence was mainly observed in the inner nuclear layer, where double-
labeling experiments and morphological observations revealed two distinct populations of nNOS 
positive amacrine cells, named as round and balloon cells. nNOS protein also was detected on 
inner plexiform layer, which suggest a possible involvement on synaptogenesis. Furthermore, the 
data obtained from the specific nNOS blocker (7-NI) showed a reduction of synapsin (2^0.41= 
0.75-fold-expression; p<0.05), synaptophysin (2^0.79= 0.58-fold-expression; p<0.02) and 
connexin45 transcripts (2^0.75= 0.79-fold-expression; p<0.02). Taking together, our data 
suggests that NOS are present in initial stages of postnatal development and, more importantly, 
that nNOS plays an important role in the formation of electrical and chemical synapses during 
CNS development. 
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Abstract: Synaptic target specificity, whereby neurons make distinct types of synapses only 
with specific target cells, is critical for normal brain function, yet the mechanisms driving target 
selection remain poorly understood. We recently showed that Kirrel3 is a synaptic specificity 
molecule in the mammalian hippocampus. Because alterations in Kirrel3 are associated with 
intellectual disability and autism, understanding Kirrel3 function can provide insights to cellular 
and circuit changes underlying these disorders. We demonstrated Kirrel3 is required for proper 
development of presynaptic mossy fiber filopodia, synaptic structures connecting dentate gyrus 
(DG) granule neurons to GABAergic neurons in the CA3 region of the rodent hippocampus. 
Kirrel3 knockout mice have significantly fewer mossy fiber filopodia, suggesting a reduction in 
DG-GABA synapses. As GABAergic neurons regulate feed forward inhibition onto CA3 
neurons, we also observed an increase in CA3 neuron activity in Kirrel3 knockout mice. This 
suggests that Kirrel3 is required to maintain proper excitation/inhibition balance during brain 
development. Here we will report on new results using serial blockface scanning electron 
microscopy (SBEM) to define the precise synaptic defects present in the mossy fiber layer of 
Kirrel3 knockout mice. We are also determining if patient-associated Kirrel3 point mutations 
attenuate its function. Together, our results increase our understanding of the links between 
Kirrel3, synapse development, and neurodevelopmental disorders. 
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Abstract: The highly polarized morphology of neurons necessitates mechanisms for sorting 
proteins to their appropriate cellular compartments. Precise delivery of synaptic surface receptors 
is essential for the proper establishment of synaptic contacts and the maintenance of 
neurotransmission. Neurexin-1 (Nrxn-1) is a presynaptic cell adhesion molecule that engages in 
trans-synaptic interactions with several postsynaptic ligands and plays a key role in the 
formation, maturation and function of synapses. We recently showed that SorCS1, an endosomal 
sorting receptor present in the somatodendritic compartment, binds Nrxn-1 and controls its 
synaptic abundance. However, the mechanism by which somatodendritic SorCS1 regulates the 
trafficking and synaptic abundance of presynaptic Nrxn-1 remains unclear. 
In cultured mouse cortical neurons, Nrxn-1 is polarized to the axonal surface, but is also present 
in the somatodendritic compartment, consistent with previous reports. We find that blocking 
endocytosis increases dendritic surface expression of Nrxn-1. Importantly, this manipulation 
concomitantly disrupts axonal surface targeting of Nrxn-1. Interference with the formation of 
early and recycling endosomes, but not of late endosomes, results in the same phenotype, 
indicating that axonal surface expression of Nrxn-1 requires endocytosis and transport via 
early/recycling endosomes in dendrites. These are hallmarks of transcytosis: axonal proteins are 
first sorted to the somatodendritic domain and redirected to the axon after endocytosis. Indeed, 
following experimental release from the ER, Nrxn-1 first traffics to the dendritic surface before 
appearing on the axonal surface. Furthermore, overexpression of wildtype SorCS1, but not of an 
endocytosis-defective mutant, removes Nrxn-1 from the dendritic surface and promotes its 
axonal surface targeting. Together, these data support the idea that SorCS1 governs transcytosis 
of Nrxn-1. SORCS1 and NRXN1 genes have been associated with synaptic disorders, including 
autism, suggesting that impaired synaptic receptor trafficking contributes to defects in synaptic 
protein composition and function observed in synaptopathies. Current efforts are directed at 
determining whether SorCS1-mediated transcytosis of Nrxn-1 sustains presynaptic function. 
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Title: Gabapentin inhibition of alpha2delta1-mediated synaptogenesis In vitro and during adult 
neurogenesis. 
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Abstract: The mammalian brain is remarkably plastic, in part due to the integration of adult-
born granule cells into an established hippocampal neural network. Identification of the 
molecules that control synaptic integration of new adult-born neurons is fundamental to our 
understanding of neural plasticity in health and disease in the adult brain. Recently, the α2δ 
proteins have been identified as the receptors for thrombospondins, glia-secreted synaptogenic 
molecules. Excitatory synapse formation is positively regulated by expression of α2δ during 
development and in vitro, and mutations in α2δ can result in striking neurophysiological 
phenotypes, such as epilepsy (Barclay et al., Journal of Neuroscience, 2001). Although α2δ 
proteins have been implicated in neural development (Eroglu et al., Cell, 2009), their 
contribution to the integration of adult-born neurons is not well understood. Interestingly, a 
commonly prescribed anti-epileptic and analgesic, gabapentin, binds α2δ with high affinity 
antagonizing thrombospondin-mediated synaptogenic signaling. Here, using whole cell 
electrophysiology in organotypic slice cultures, we demonstrate reduction in miniature excitatory 
post-synaptic currents in gabapentin treated cultures, consistent with a role for α2δ proteins in 
synaptogenesis. Furthermore, gabapentin significantly reduced dendritic spine density and size in 
adult-born granule cells in vivo, indicating that α2δ contributes to synapse formation during adult 
neurogenesis. Using in vitro and in vivo models of neuronal development paired with single-cell 
morphology and electrophysiology, we hope to decipher the contribution of α2δ proteins to 
synaptogenesis in adult-born neurons. 
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Abstract: Surface proteins are internalised into early endosomes and either sorted for 
degradation by the lysosome or recycled back to the plasma membrane in a process that for many 
cargoes is mediated by the retromer complex. For some proteins retrieval and recycling is 
dependent on an interaction between the PDZ ligand in the cargo protein and the PDZ-domain 
containing retromer component sortin nexin 27 (SNX27). SNX27 then binds the essential 
retromer component VPS26 preventing the SNX27 cargo entering the lysosome and therefore 
rescuing it from degradation. 
Retromer dysfunction plays an important role in a growing number of cognitive disorders and the 
core retromer subunits VPS35 and VPS26 have been reported to be downregulated in the 
entorhinal cortex in Alzheimer's Disease (AD) patients. SNX27 protein and mRNA is reduced in 
the cortex of Down's Syndrome (DS) patients. Furthermore, both VPS26+/- knockout mice and 
SNX27+/- knockout mice have impaired hippocampal-dependent memory and synaptic 
dysfunction. 
Neuroligins are a family of transmembrane cell adhesion molecules that are crucial for synapse 
function; they bind the presynaptic cell adhesion molecule neurexin to form a trans-synaptic 
complex which mediates essential pre- and postsynaptic signal transduction. 
Here, we show that the PDZ-ligand containing neuroligins 1-3 are cargos for retromer and that 
they bind SNX27 via a PDZ interaction. Knockdown of SNX27 or VPS35 in cultured cortical 
neurons significantly decreases total levels of neuroligins 1-3, suggesting that SNX27-retromer is 
involved in rescuing neuroligins from lysosomal degradation. 
These results suggest that the SNX27-retromer dysfunction seen in neuropathological disorders 
such as AD and DS could lead to impaired synaptic function through reduced recycling of 
neuroligins back to the synaptic plasma membrane. 

Disclosures:  C.S. Binda: None. J.M. Henley: None. K.A. Wilkinson: None. 



Poster 

583. Mechanisms of Synapse Formation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 583.21/C34 

Topic: A.06. Synaptogenesis and Activity-Dependent Development 

Support: NIH Genetics Training Program Fellowship T32GM007544 

Title: Giant ankyrin-G interaction with GABARAP is critical for the formation of GABAergic 
synapses in mouse somatosensory cortex 

Authors: *A. D. NELSON1, K. K. WALDER2, V. BENNETT3, P. M. JENKINS4;  
1Pharmacol., Univ. of Michigan, Ann Arbor, MI; 2Dept. of Cell Biol., Duke Univ. Med. Ctr., 
Durham, NC; 3Departments of Cell Biology, Biochemistry, Neurobio., Howard Hughes Med. 
Institute, Duke Univ. Med. Ctr., Durham, NC; 4Dept. of Pharmacol. and Psychiatry, Univ. of 
Michigan Med. Sch., Ann Arbor, MI 

Abstract: Several large genome-wide association studies have identified ANK3 as having a 
robust association with bipolar disorder, although the mechanisms by which loss-of-function of 
ankyrin-G contributes to neuropsychiatric disease remains unknown. The giant, 480kDa ankyrin-
G (product of the ANK3 gene) is a critical adaptor protein that organizes membrane proteins at 
critical excitatory membrane domains, including the axon initial segments and nodes of Ranvier. 
Recently, we showed that the 480kDa isoform of ankyrin-G also plays an important role in the 
formation of somatodendritic GABAergic synapses. GABAergic inhibitory signaling is essential 
for the proper synchronization and function of neuronal networks that underlie cognition, mood, 
and behavior, and abnormalities in GABAergic interneuron circuitry have been linked to bipolar 
disorder. Although the 480kDa splice variant of ankyrin-G is a key regulator of GABAergic 
synapse formation, the exact mechanisms by which ankyrin-G controls inhibitory circuit 
development are poorly understood. Using cultured neurons, we have shown that giant ankyrin-
G interacts directly with GABAA receptor-associated protein (GABARAP) to inhibit GABAA 
receptor endocytosis and stabilize GABAergic synapses. To test the role of this interaction in 
vivo, we generated a mouse model with a W1989R mutation in Ank3, which has been shown to 
completely abolish both ankyrin-G association with GABARAP as well as GABAA receptor 
clustering in vitro. Interestingly, preliminary data from coronal brain sections from Ank3 
W1989R mice showed the loss of inhibitory synapses on the soma, but not the axon initial 
segment, of cortical pyramidal neurons in layer II/III of the somatosensory cortex, suggesting a 
loss of inhibitory synapses from basket cells, but not chandelier cells. In addition, these mice 
exhibited an overall decrease in PV expression in interneurons, as well as alterations in 
perineuronal nets (PNNs), which are thought to stabilize GABAergic synapses. As was seen in 
vitro, axon initial segments and nodes of Ranvier are spared in the W1989R mouse, making this 



a useful model to study the specific role of basket cell circuitry in normal neuronal activity and 
how dysfunction in these circuits might contribute to neuropsychiatric disease. 
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Abstract: Single neurons often receive and integrate different types of excitatory inputs at 
different dendritic locations. Among the critical factors that allow the postsynaptic neuron to 
differentiate and process these distinct inputs are the unique morphological and 
electrophysiological properties of these different synapses. Although functional properties of 
these distinct synapses are often well studied, the underlying molecular signatures that confer 
these unique properties remain unclear. In the hippocampus, CA1 neurons receive excitatory 
synaptic inputs from CA3 neurons in two synaptic layers; on their basal dendrites in stratum 
oriens (SO) and their apical dendrites in stratum radiatum (SR). Interestingly the synaptic 
plasticity rules are different in these two layers with SO exhibiting higher levels of long term 
potentiation (LTP) compared to SR. We discovered that loss of the classic cadherin, cadherin-9, 
results in reduced density of mushroom spines and a reduced level of LTP in the CA1 SO layer 
while the SR synapses are unaffected. Interestingly, at these synapses we show cadherin-9 is 
exclusively a presynaptic CA3 molecule. Given that the spine and LTP defects in cadherin-9 
knockout mice likely involve postsynaptic mechanisms, we sought to identify postsynaptic 
binding partner(s) of cadherin-9. We screened hippocampal cadherins and confirmed cadherin-9 
heterophilically binds cadherins-6 and 10, which are both expressed in CA1 but not CA3 
neurons. Analysis of cadherin-10 knockout (KO) mice reveal that they have spine and LTP 



defects specifically in the CA1 SO layer and similar to cadherin-9 knockout mice. Together, our 
data suggests that cadherins-6, 9, and 10 form a trans-synaptic signaling complex needed for 
enhanced LTP in CA1 SO. Though classical cadherins are known to mediate adhesion 
predominantly via homophilic interactions, our work suggests cadherins also use heterophilic 
interactions to regulate synaptic properties in vivo and cadherin function contributes to 
establishing complex synaptic identity codes. 
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Abstract: In the mammalian brain GABAergic synaptic transmission provides inhibitory 
balance to glutamatergic excitatory drive and controls neuronal output. The molecular 
mechanisms underlying the development of GABAergic synapses remain largely unclear. Here 
we report that NMDA-type ionotropic glutamate receptors (NMDARs) in individual immature 
neurons are the upstream signaling molecules important for GABAergic synapse development, 
which requires signaling via Calmodulin binding motif in the C0 domain of the NMDAR GluN1 
subunit. Interestingly, in neurons lacking NMDARs, while GABAergic synaptic transmission is 
strongly reduced, the tonic inhibition mediated by extrasynaptic GABAA receptors is increased, 
suggesting a compensatory mechanism for the lack of synaptic inhibition. These results 
demonstrate a crucial role for NMDARs in specifying the development of inhibitory synapses, 
and suggest an important mechanism for controlling the establishment of the balance between 
synaptic excitation and inhibition in the developing brain. 
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Title: SRPK regulates aggregation of ELKS2 and modulates synaptogenesis in dissociated 
hippocampal neurons 
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Abstract: The mechanisms involved in presynaptic active zone formation are not well 
understood. It has been reported that SRPK79D regulates the aggregation/assembly of the active 
zone protein Bruchpilot in D. melanogaster, a protein with a N-term domain highly homologous 
to the rat presynaptic scaffold protein ELKS. Here, we explored the role of the SRPK79D rat 
homologues SRPK 1, 2, 3 in modulating ELKS2 synaptic assembly and their effect in 
synaptogenesis in rat hippocampal neuronal cultures. In the present study, we employed 
hippocampal neuronal cultures and heterologous cells HEK293 as platform to asses the 
oligomerization of ELK2 and its regulation by SRPKs. SRPKs in the CNS show different 
expression pattern during development: SRPK1 decreases, SRPK2 does not change and SRPK3 
increases during synaptogenesis. In neurons, expression of SRPKs is found mainly in the cell 
soma with a less abundant punctuated distribution in the neurites showing a scanty colocalization 
with ELKS2 at the growth cones. ELKS2 when expressed in heterologous cells tend to form 
oligomers, interestingly, SRPK2 and SRPK3 show capacity to disaggregate mRFP: ELKS2 when 
expressed in HEK293 cells, an effect modulated by the expression levels of SRPKs. 
Furthermore, expression of SRPK2 and SRPK3 in neurons decreases number of ELKS2 and 
synaptophysin puncta per length of neurite, but only partially affects Bassoon. These results 
suggest that the kinases SRPK2 and SRPK3 might be modulating the recruitment of ELKS2 at 
the active zone, which could also affect other presynaptic proteins 
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Abstract: Cortical circuits are complex networks built of hierarchical connections between 
excitatory neurons and inhibitory interneurons. Cortical interneuron (cIN) function, to balance, 
excitation to inhibition relies on the various intrinsic electrophysiological features of different 
classes of INs but also on their distinct abilities to innervate specific postsynaptic partners and 
target unique subcellular compartments. Although it is now recognized that individual subtypes 
of INs play unique roles within distinct cortical circuits, the means by which they integrate into 
circuitry during development is not well understood. 
Recent work from our lab and others has demonstrated that early network activity and 
subsequent modification of gene expression is critical for proper cIN development. However, 
little is known about the activity-dependent mechanisms underlying establishment of circuit-
specific connectivity of cINs. We identified the Nova family of RNA splice factors enriched 
within cINs during circuit assembly. These factors are particularly attractive, as they have been 
shown to control the splicing and translation of distinct synaptic pre-mRNAs during 
development and in response to neuronal stimuli. 
Utilizing mouse genetics we are investigating the role of activity and Nova1/2 in the 
development of cIN connectivity. We find that manipulating cINs activity in vivo, maintains the 
specificity of their contacts but acts to change the density of axonal boutons and profoundly 
affect Nova1/2 expression within cINs. Conditional loss of Nova1/2 in all INs results in animal 
lethality due to seizures. To circumvent animal death, we conditionally remove Nova1/2 cell-
autonomously and are analyzing any changes in their connectivity via genetic labeling of 
synapses of individual cINs. Furthermore, we are identifying the genes targeted by Nova1/2 in 
cINs during synaptogenesis and in response to activity with RNA-seq. 
This study will increase our understanding of how specific cIN populations correctly embed into 
cortical circuitry and how the regulation of RNA transcripts contributes to this process. 
Understanding these processes carries significant promise as malfunctions in interneuron 
development and/or synaptic transmission have been implicated in the pathophysiology of many 
complex neurological disorders including epilepsy, schizophrenia, and autism. 
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Title: Ephrin-B3 controls synapse number in an activity independent molecular competition 
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Abstract: In the developing brain, neurons must form specific connections in an environment 
with many potential synaptic partners while also controlling the number of synapses they 
receive. This precise number and pattern of contacts only emerges after a period of exuberant 
synaptogenesis, which generates an excess of synapses that are then subjected to further 
refinement. However, while synaptic sites are over produced during development, connectivity 
remains sparse, with only a small number of all possible contacts made. Since only a small 
fraction of the possible connections between neurons exist, how do neurons decide whether to 
accept or reject potential synaptic contacts? 
We propose that differences in eB3 expression levels between neurons regulate the density of 
synaptic contacts a neuron generates relative to its neighbors though an activity independent 
molecular competition. A competition requires a winner and loser of a limiting resource. To ask 
whether eB3 determines winning and losing neurons in a competition for synapses, we used 
microisland cultures with one or two neurons. In two-neuron islands, cells with wild-type levels 
of eB3 emerged as winners, forming more synapses than cells in the same island with reduced 
eB3 expression. Remarkably, EphB2 ecto-domain rescued synapse density following eB3 
knockdown in complex cultures and in microislands, suggesting that eB3 competes for EphB2. 
To study eB3-mediated competition in genetic model system, we generated eB3 Mosaic Analysis 
with Double Markers (MADM) mice. These animals have sparsely labeled wild-type (eB3+/+) 
tdTomato+ neurons and eB3 null (eB3-/-) GFP+ neurons within an eB3+/- background. 
Preliminary data indicate that eB3+/+ cortical neurons exhibit higher dendritic spine density than 



eB3-/- neurons within the same animal. Finally, we used FACS to purify and co-culture eB3+/+ 
and eB3-/- neurons from MADM mice. In these mixed cultures, eB3+/+ neurons received a higher 
proportion of vGlut1 contacts than nearby eB3-/- neurons. Remarkably, blockade of neuronal 
activity had no effect on the ephrin-B3 dependent differences in synapse density in MADM 
cultures, suggesting that eB3 may control synapse number independently of activity. Together, 
these findings define a role for a trans-synaptic protein, ephrin-B3, in controlling synapse 
number through a novel molecular competition. 
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Title: Haploinsufficiency of the neuronal surface protein MDGA2 enhances excitatory synapse 
development, alters cortical circuit dynamics and yields behavioral phenotypes consistent with 
autism in mice 
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Abstract: Early brain development is characterized by periods of rapid synaptogenesis which 
requires highly coordinated trans-synaptic signaling between presynaptic boutons and 
postsynaptic specializations. Canonical complexes consisting of presynaptic neurexins and 
postsynaptic neuroligins serve as powerful mediators of synapse differentiation, maturation and 
activity-dependent modification. Previous studies found that neurexin interactions with 
neuroligin-2 were decreased in the presence of MAM domain containing 
glycosylphosphatidylinositol anchor proteins (MDGAs), and MDGA1 was shown to be a 
negative regulator of inhibitory synapse development. Using mice heterozygous for MDGA2 
(Mdga2+/-; full knockout was perinatal lethal), we characterized MDGA2 function in vivo. We 
discovered that MDGA2 regulates excitatory synapse formation as both the number and function 
of excitatory synapses was increased Mdga2+/- mouse hippocampal slices. In addition, in vivo 
analysis of cortical circuit dynamics through voltage sensitive dye imaging revealed increased 
cortical excitability in brain midline regions and enhanced cortical region interconnectivity. 
Behavioral measures yielded data consistent with an autism phenotype including impaired social 
interactions, increased stereotypies and reduced cognitive function. These results suggest 
MDGA2 haploinsufficiency enhances excitatory transmission, elevates brain circuit dynamics 
and compromises cognitive function. 
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Title: Dynamics of the mouse brain cortical synaptic proteome during postnatal brain 
development 

Authors: *M. A. GONZALEZ-LOZANO1, P. KLEMMER1, T. GEBUIS1, C. HASSAN2, P. 
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Abstract: Development of the brain involves the formation and maturation of numerous 
synapses. This process requires prominent changes of the synaptic proteome and potentially 
involves thousands of different proteins at every synapse. To date the proteome analysis of 
synapse development has been studied sparsely. Here, we analyzed the cortical synaptic 
membrane proteome of juvenile [postnatal day 9 (P9), P15, P21, P27], adolescent (P35) and 
different adult ages (P70, P140, P280) of C57Bl6/J mice. Using a quantitative proteomics 
workflow we quantified 1560 proteins of which 696 showed statistically significant differences 
over time. Proteins of the presynaptic active-zone and postsynaptic element showed increased 
levels over time; proteins involved in protein synthesis or neurite outgrowth generally decreased 
in abundance. In several cases, proteins from a single functional molecular entity, e.g., subunits 
of the NMDA receptor, showed profound differences in their temporal regulation, which may 
reflect specific synaptic development features of connectivity, strength and plasticity. 
Furthermore, we evaluated the function of Cxadr that showed high expression levels at P9 and a 
fast decline in expression during neuronal development, suggesting involvement in synapse 
formation or maintenance. Knock down of the expression of Cxadr in cultured primary mouse 
neurons revealed a significant decrease in synapse density. 
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Abstract: Glutamatergic synaptic transmission is important for a number of behaviors including 
learning and memory, movement, and visual perception. This neurotransmission relies on the 
proper localization of cell adhesion molecules and recycling of presynaptic vesicles. We have 
previously shown that the chromodomain helicase DNA (CHD) binding protein, Kismet (Kis), 
positively regulates the synaptic localization of glutamate receptors, neurotransmission, and the 
apposition between glutamate receptors and presynaptic active zones at the Drosophila 
neuromuscular junction. As a transcriptional regulator, Kis likely broadly affects glutamatergic 
synaptic development. Indeed, we have recently found endocytosis of presynaptic vesicles is 
deficient at kis mutant synapses. Although Kis does not seem to directly regulate transcription of 
glutamate receptor subunits, there is a significant reduction in presynaptic transcript levels of 
endophilin B, nervous wreck, and AP180 in kis mutants. Surprisingly, our knock down and 
rescue experiments suggest that Kis is required in postsynaptic muscles for proper presynaptic 
endocytosis. Kis may affect endocytosis of presynaptic vesicles and organization of the synapse 
by regulating the localization of synaptic cell adhesion molecules as kis mutants exhibit altered 
localization of integrins, fasciclin II, and neuroligins. We are currently investigating whether Kis 
signals by recruiting the chromatin remodeling protein, absent, small or homeotic discs 1 (Ash1) 
thereby suppressing polycomb group repression and whether Kis influences signaling via the 
mitogen activated protein kinase (MAPK) pathway. 
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Abstract: Retrograde transport from synaptic terminals to the neuron cell body is an essential 
process necessary for neuron survival, identity, circuit formation and plasticity. Retrograde 
transport requires the function of dynein-dynactin motor complexes and anterograde transport is 



regulated by kinesin motors. Here we have identified an unusual role for a kinesin 3 motor 
protein Kinesin 73 (Khc-73) in routing endocytic vesicles to the retrograde pathway at the 
Drosophila larval neuromuscular junction (NMJ). At the NMJ, synaptic growth and function is 
regulated by the Bone Morphogenetic Pathway (BMP). During the establishment of synapses, 
BMP receptors traffic in the retrograde direction to coordinate growth between pre and 
postsynaptic partners. Our findings indicate that Khc-73 is required for efficient retrograde BMP 
signalling in motoneurons. Transheterozygous combination of Khc-73 and BMP transcriptional 
co-factor Medea lead to a significant reduction in the number of presynaptic release sites. 
Similarly, increased accumulation of phosphorylated form of BMP transcription factor Mad as a 
result of activation of BMP signaling in motoneurons is fully suppressed when Khc-73 is 
removed. We did not find any evidence for involvement of Khc-73 in regulating the degradation 
of BMP receptors as is the case for several other interactors. Therefore we set out to examine the 
role of Khc-73 in the regulation of retrograde routing of vesicles further. Interestingly, we found 
a strong reduction in the dynamics of late endosomes as marked by fluorescently tagged Rab7. 
Live imaging experiments showed that Rab7 vesicles were stalled along their path from synaptic 
boutons to the retrograde route along motor axons. In support of this observation, we found 
abnormally high number of late endosomal multivesicular bodies at synaptic endings using 
ultrastructural examination. Our result therefore provide a conceptual advance in our 
understanding of the interaction between dynein and kinesin motor proteins, by revealing a 
critical role for Khc-73 in routing endosomes onto the retrograde path. 
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Abstract: In the adult hippocampus, continuous populations of newborn granule cells (GCs) are 
generated and undergo successive activity-dependent neuronal maturation and incorporation into 
the preexisting hippocampal circuitry. Increasing evidence has demonstrated that adult-born 
neurons in the dentate gyrus can impact numerous cognitive and affective processes such as 
learning and memory, mood and stress responses. Therefore the mechanisms that control 



maturation of adult-born GCs are of relevance to multiple neuropsychiatric disorders. In this 
study we addressed whether members of the kainate receptor subfamily of glutamate receptors, 
which are abundantly expressed on adult-born GCs, contribute to activity-dependent maturation 
of this important neuronal population. To study the maturation of adult-born GCs we used 
retroviral birth-date labeling of dividing neural progenitors to track their development over a 
four-week critical period. We compared the maturation of GCs in kainate receptor knockout 
(GluK2 KO) and control littermate mice using functional and morphological measures including 
the development of intrinsic membrane properties, dendritic morphology, and development of 
both inhibitory and excitatory synaptic inputs at various time points after retroviral labeling. We 
found that the input resistance, as a prime indicator of neuronal maturity, was significantly lower 
in neurons from the KO mice at 21dpi (WT: 2.46 ± 0.27 GΩ, n = 23; GluK2 KO: 1.53 ± 0.18 
GΩ, n = 23, p < 0.01) and 28dpi (WT: 1.22 ± 0.18 GΩ, n = 15; GluK2 KO: 0.74 ± 0.07 GΩ, n = 
15, p < 0.05), suggesting that, surprisingly, loss of GluK2 results in more rapid maturation of 
adult-born GCs. We also determined the dendritic length and complexity of adult-born GCs as a 
measure of maturation. The total dendritic length at 21dpi was increased in adult-born GCs in 
GluK2 KO mice (WT: 1216.4 ± 84.6 µm, n = 5; GluK2 KO: 1707.4 ± 174.9 µm, n = 6, p < 0.05) 
and number of dendritic branch points was also increased at 21dpi (WT: 9.4 ± 0.8, n = 5; GluK2 
KO: 13.3 ± 0.9, n = 6, p < 0.01) consistent with a more advanced maturation state of adult-born 
GCs in the GluK2 KO mice. These measures consistently indicate that the rate of maturation of 
adult-born GCs is accelerated in GluK2 KO mice, which would suggest that kainate receptor 
signaling normally constrains their development. These results raise many questions about how 
loss of an excitatory receptor causes faster maturation of these neurons. We are now addressing 
several mechanistic questions including whether these effects are cell autonomous and whether 
kainate receptors potentially interact with GABA signaling which is known to play a critical role 
in adult-born GC maturation. 

Disclosures:  Y. Zhu: None. A. Contractor: None. 

Poster 

584. Activity-Dependent Transcription and Responses 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 584.02/D11 

Topic: A.06. Synaptogenesis and Activity-Dependent Development 

Support: JSPS KAKENHI 15H02358 

 JST-CREST 

 Takeda Science Foundation 



Title: Excitation-morphogenesis coupling during corticogenesis: a critical role for L-type 
voltage-gated calcium channel-driven spontaneous calcium elevations in neurite extension and 
radial migration 
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Abstract: Calcium signaling is important for various neurodevelopmental processes such as 
sculpting of neurites, functional wiring and fine tuning of growing networks. Although the 
existence of spontaneous calcium elevations has been reported in developing neurons, their 
spatiotemporal pattern, the critical Ca2+ sources, and their physiological function have remained 
elusive. We previously reported that CaMKIα and CaMKIγ decoded local calcium changes and 
differentially contributed to the elongation of axons and dendrites (Ageta-Ishihara et al. 2009; 
Horigane et al. 2016). Understanding the ”calcium codes” that govern these CaMK events is thus 
crucial for deciphering cellular mechanisms underlying cortical development. To address this 
question, we here combined a membrane-tethered GCaMP with in utero electroporation, and 
imaged spontaneous calcium transients in the neurites of immature layer 2/3 excitatory cortical 
neurons in vitro. We found that spontaneous calcium activity greatly varied in location, duration 
and amplitude. Though largely stochastic, kymograph-based quantitative analysis revealed that a 
sizable fraction of local transients were regenerative, and these were termed Spontaneous 
Regenerative Calcium Transients (SRCaT). Intriguingly, SRCaTs were larger in axons compared 
to dendrites. Membrane hyperpolarization by overexpressing Kir2.1 inhibited SRCaTs, though 
tetrodotoxin showed no effects, indicating that SRCaTs were not driven by Na+ spikes. 
Pharmacological experiments suggested a dual calcium source requirement for SRCaT: both 
Ca2+ influx through voltage-gated Ca2+ channels (VGCC) and thapsigargin-sensitive IP3-driven 
internal stores appeared to be involved. Up- or down-regulation of L-type VGCC resulted in 
significant bidirectional alteration of axonal outgrowth. Exogenous expression of gain-of-
function L-type VGCC mutants harboring single nucleotide variations of Timothy syndrome, an 
autosomal dominant inherited form of syndromic autism, by in utero electroporation, resulted in 
impaired proper radial migration of layer 2/3 excitatory cortical neurons. Taken together, these 
lines of evidence suggest an essential role for spontaneous opening of L-type VGCC and 
SRCaTs in activity-dependent neuronal morphogenesis during corticogenesis. 
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Abstract: Synapse plasticity, which refers the ability of synapses to be strengthened or 
weakened in the central nervous system, plays a critical role in normal brain function including 
learning and memory. Recent studies have found in addition to cortical area, thalamus is also 
plastic during a particular time window. However, the underlying mechanisms are still unclear. 
Here, by using in vitro whole-cell patch recording in acute brain slices we found that the precise 
critical period at the VPm relay synapse was from P11 to P14. Whisker deprivation later than 
P11 or earlier than P14 significantly altered synaptic properties within 24 hrs. Further studies 
found that between P10 and P11, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
receptors (AMPAR)-EPSCs, N-methyl-D-aspartate receptors (NMDAR)-EPSCs were not 
significantly changed, whereas NMDAR decay constant and sensitivity to ifenprodil, a selective 
NR2B-containing NMDAR blocker were largely altered. These results indicate that more NR2A-
containing NMDA receptors were recruited to VPm relay synapse at P11 when compared with 
that at P10. We next found that intraperitoneal injection of PEAQX, which selectively blocked 
the function of NR2A-containing NMDA receptors, delayed the maturation of VPm relay 
synapse. These results suggest that the recruitment of NR2A containing NMDARs may 
responsible for the entering of critical period at the VPm relay synapse. During the end of critical 
period, we did not observe any changes of synaptic properties occurred between P14 and P15. 
Through the method of calcium imaging, we found that the timing of the switch from 
depolarizing to hyperpolarizing GABA show great changes between P14 and P15 in VPm 
neurons. These data demonstrate that the maturation of GABAergic inhibition is concurrent with 
the ending of critical period. 
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Abstract: Neurons have the remarkable ability to process and respond to complex stimuli such 
as physical exercise and changes in an organism’s external environment. In rodents such 
experiences increase hippocampal synaptic plasticity and neurogenesis, spatial memory and 
pattern separation. However there is still little information on the signaling pathways that 
underlie these experience-dependent changes. The majority of in vivo studies have singled out 
transcriptional regulators without being able to provide a model for understanding the behavior 
of gene networks engaged upon synaptic activity, while they also were limited by temporal and 
spatial resolution. We have developed a novel method for in vivo analysis of the transcriptional 
cascades of discrete populations of dentate granule cells activated by physical exercise within a 
specific time window. 
Immediate early response gene Fos expression is undetectable in quiescent cells but can be 
rapidly and transiently induced by external stimuli such as exercise. cFoscre/ERT2/Luo transgenic 
mice use the connection between Fos expression and neuronal synaptic activity in order to 
permanently label neurons that are active over a short time period. We used a virus expressing a 
CAG promoter followed by a loxP-flanked (‘floxed’) stop cassette-controlled Histone2B 
Monomeric Red Fluorescent Protein (H2B-mRFP) that was injected stereotaxically into the 
dentate gyrus of cFoscre/ERT2/Luo mice. Two weeks post viral injections, mice were injected with 
tamoxifen while caged with a running wheel for 2 hrs or were undisturbed in their homecage, 
and then mice were sacrificed at several timepoints following tamoxifen administration. 
Voluntary exercise resulted in a significant increase of the activated mRFP +ve cells in the DG in 
comparison to mice left in the homecage. mRFP labeled (i.e. activated) and non-activated 
granule cells from exercised mice were subsequently excised from non-fixed intact tissue 
cryosections using laser capture microdissection and pooled in batches of 100-150 cells. RNA 
from microdissected cells was reverse transcribed and processed for RNASeq library 
construction. Additionally, we investigated how exercise-induced neuronal activity regulates 
synaptogenic processes including synapse development and maturation. Our experiments provide 



cell and temporal specific approach to the influence of exercise-induced synaptic activity on 
neuronal gene expression. 
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Abstract: Recent studies reported that sensory deprivation regulated cell proliferation of NG2-
expressing glia cells in somatosensory cortex (Mangin et al., 2012, Nat. Neurosci. 15, 1192-
1194) and that of neural progenitor cells in the tectum (Sharma and Cline, 2010, Neuron, 68, 
442-455). It is unclear whether proliferating cells existed in primary visual cortex (V1), and 
whether and how visual deprivation (VD) regulates proliferation or differentiation. Here we 
investigated these issues in V1 of binocularly enucleated juvenile mice. 
We enucleated at postnatal day 15 (P15), the time of eye opening, and examined if there are 
proliferating cells after 7- or 10-day VD. To examine for the presence of proliferating cells, 
BrdU was administrated daily for 3 days from P19 to P22 (P19-22) or from P22 to P25 (P22-25). 
The cell density of BrdU positive (BrdU+) cells was similar at P22 and P25 in control mice. 
Enucleated mice however showed a general increase in the density of BrdU+ and Ki67 positive 
(Ki67+) cells (i.e., undifferentiated cells) throughout the cortex with about 3-fold increase in 
layer 6 at P25. Enucleation also increased the proportion of Ki67+ cells among BrdU+ cells 
throughout the cortex, especially in layers 2/3, at P25, although the total BrdU+ cell density did 
not change. The cell density and the proportion of undifferentiated doublet cells with their 
distance of 10 µm or less also increased at P25, suggesting an increase of recently divided cells 
due to the lack of neuronal activities during P22-25, which corresponds to the beginning of the 
critical period for ocular dominance plasticity. Only a very few newly proliferated cells were 
apoptotic as determined by the presence of Caspase-3. These data suggest that the lack of 
neuronal activities increases undifferentiation of proliferating cells during the important period 



of synapse formation. 
Next, we examined the cell type of BrdU+ cells with several markers at P25. The BrdU+ cells 
lacked the co-immunostaining of GAD67 (inhibitory neuronal marker), β-tubulin (immature 
neuron marker), NG2 (NG2 positive glia cell or oligodendrocyte progenitor cell marker), or 
GFAP (mature or reactive astrocyte marker). In the meantime, ~52% of BrdU+ cells co-
expressed S100β in control mice, which increased to ~75% following enucleation. This increase 
was due to the increase in BrdU+Ki67+ cells from ~17% to ~31% without changing 
BrdU+Ki67- cells, suggesting that enucleation increases astrocyte progenitor cells without 
affecting differentiating astrocytes. 
Overall, these data suggest that VD following enucleation at the time of eye opening promotes 
the undifferentiated state in astrocyte progenitor cells in developing V1. 
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Abstract: Structural plasticity induced by neuronal competition is a common feature of 
developing nervous systems, and alterations in this process may contribute to 
neurodevelopmental disorders. Although several mammalian systems have been used to study 
activity-dependent synaptic competition, the molecular mechanisms underlying this process are 
still being elucidated. The Drosophila larval neuromuscular junction (NMJ), a model 
glutamatergic synapse with excellent genetic accessibility, may provide a useful system to study 
synaptic competition and compensation. Most larval muscle fibers are innervated by at least two 
motor neurons, a type Ib “tonic” motor neuron and a type Is “phasic” motor neuron. The Ib 
neuron innervates a single muscle, while Is neurons innervate a subset of muscles to coordinate 
contraction of distinct muscle groups. If and how the postsynaptic muscle can differentiate 



between these two inputs, and how it might preferentially regulate them, is unknown. We are 
examining if Ib and Is motor neurons compete for synaptic drive to the postsynaptic cell by 
creating an input imbalance through genetic manipulation of one of the two neurons. To 
determine if synaptic competition at the NMJ occurs, we genetically altered the Ib neuron 
innervating muscle 1 (MN1-Ib). Surprisingly, complete elimination of MN1-Ib did not result in 
changes in innervation of the corresponding 1s neuron. In contrast, decreasing activity of the 
MN1-Ib neuron (rather than ablating it) using vglut RNAi or by expressing tetanus toxin light 
chain resulted in changes of the co-innervating 1s neuron. Additional studies are underway to 
further test the ability of the Drosophila NMJ to display synaptic competition. In addition, we 
are examining if plasticity is manifested in a synapse-specific fashion only at the target muscle 
where 1b motor neuron activity is altered, or across all muscles innervated by the 1s neuron. 
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Title: The role of cyclic adenosine monophosphate and apolipoprotein A1 on myopic eye growth 
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Abstract: OBJECTIVE. To investigate the effects of cAMP on eye growth through its 
interaction with apolipoprotein A1 (ApoA1) in young chicks. METHODS. Four groups of chicks 
were examined. Group 1: Chicks received 8-Br-cAMP (0.1 mM or 1 mM) and were fitted with -
10 diopter (D) lenses on both eyes, whereas chicks in group 2 (0.1 mM 8-Br-cAMP) wore plano 
lenses over both eyes. 8-Bromo-cAMP (8-Br-cAMP) was injected intravitreally to the right eyes 
of 8-day old chicks for 4 consecutive days and control eyes received vehicle only. The levels of 



retinal cAMP and ApoA1 were measured in another two groups of chicks wearing -10 D (group 
3) and +10 D lenses (group 4) on their right eyes for 3 days respectively (plano lenses were worn 
by left eyes). RESULTS. Although, Br-cAMP had little effect on normal eye growth, it 
significantly inhibited the development of lens-induced myopia (group 1: 0.1 mM versus vehicle: 
+1.71 ± 1.22 D versus -8.00 ± 2.19 D; 1 mM versus vehicle: +1.38 ± 1.34 D versus -9.96 ± 1.14 
D, mean ± SEM, P < 0.01 for both); 1 mM, but not 0.1 mM 8Br-cAMP increased retinal ApoA1 
expression (P < 0.01). Both retinal cAMP and ApoA1 levels were significantly increased only in 
hyperopic eyes (group 4). CONCLUSIONS. 8-Br-cAMP significantly inhibited myopic growth 
as induced by optical lenses. Cyclic AMP activates retinal ApoA1 expression in the process and 
the present data suggested a possible interplay between ApoA1 and cAMP in regulating eye 
growth. 
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Title: The non-classical MHCI Qa-1 is a novel regulator of experience dependent plasticity in 
visual cortex 
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Abstract: For the nervous system to translate experience into memory, lasting structural change 
at synapses must occur. This requirement is evident during critical periods of activity-dependent 
development during which early experience sculpts connections to establish adult circuits via 
strengthening of selected subsets of synapses and weakening and eliminating others. While 
activity-dependent mechanisms are known to be essential, molecular mechanisms underlying 
how activity refines connections are not well understood. 



Research has identified a surprising role for several classical major histocompatibility complex 
class I (MHCI) proteins in activity-dependent refinement of neural networks. The presence of 
MHCI protein in neurons is notable because GWAS studies have linked polymorphisms in the 
MHC genomic cluster with several neuropsychiatric disorders including schizophrenia. There are 
more than 50 MHCI alleles, yet to date only two have been studied in brain. The MHCI family is 
subdivided into two groups: classical MHCIs are highly polymorphic, players in adaptive 
immunity and interact with T-cell receptors. In contrast, non-classical MHCIs are less 
polymorphic and interact with inhibitory and activating innate immune receptors. 
Here we report that the mouse non-classical MHCI, Qa-1, is expressed in neurons and 
specifically enriched in layer 6 cortical neurons, as well as a subset of cerebellar Purkinje 
neurons. To explore the functional significance of neuronal Qa-1, we investigated its role in 
ocular dominance plasticity (OD) in visual cortex. During the critical period, OD plasticity in 
Qa-1 KO mice is enhanced following a period of monocular visual deprivation. In the mouse 
immune systems, Qa-1's cognate receptor is a CD94/NKG2 heterodimer, specifically 
CD94/NKG2A, C, or E. These putative receptors are also expressed in brain, suggesting that Qa-
1 may act through a CD94/NKG2 heterodimer to regulate ocular dominance plasticity. 
Together, these observations point to a broadening role for both classical and non-classical 
neuronal MHCI proteins in plasticity and neural circuit refinement in cerebral cortex, and imply 
a related function for Qa-1 in cerebellar Purkinje cells. 
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Abstract: Early in neural development, cells in the ventral midline of the mouse hindbrain 
spontaneously depolarize in the absence of external stimulation. These electrical events are 
dependent on t-type calcium channels and trigger intracellular calcium influx, which we measure 
with calcium imaging techniques. The spontaneous activity (SA) begins as isolated events at 
embryonic day (E) 10.5 and builds into synchronized waves of activity that repeatedly propagate 



along the entire midline by E11.5. During this same developmental window, serotonin neurons 
are specified and differentiate in two columns flanking the spontaneously active midline. 
Pharmacology studies have implicated the involvement of serotonin in the initiation of 
spontaneous events; no other transmitter systems are required for the spontaneous activity. In this 
study, we use serotonin-receptor-specific pharmacological agents to further probe the role of 
serotonin in the generation of activity. We use quantitative real time PCR to examine the relative 
levels of expression of a range of serotonin receptors including 5HT2A and 5HT2C. In addition, 
we have examined the effect of blocking serotonergic signaling on the morphology of the 
serotonergic cells. Hindbrains cultured in antagonists specific to various serotonin receptors for 
24 hours show a significant reduction in the number of 5HT+ cells. However, the same reduction 
in cell number does not occur when the SA is halted via blocked calcium channels. This suggests 
serotonin signaling is crucial for appropriate development of serotonergic neurons within the 
hindbrain. 
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Abstract: Neuronal activity regulates aspects of the structure and function of brain circuitry in 
part through the induction of calcium-dependent programs of gene expression. While neuronal 
activity-regulated genes have been profiled and shown to be important for neurological faculties, 
including memory and learning in model organisms, little is known about such gene expression 



programs in human neurons.  We have transcriptionally profiled depolarized human fetal brain 
cultures, and identified a new neuronal activity-dependent secreted factor Osteocrin (OSTN). 
OSTN is enriched in the neocortex of human and macaque, but is not expressed in mouse 
neurons. Our gene expression studies suggest that OSTN has been evolutionarily repurposed 
through the acquisition of a primate-specific activity-regulated neuronal enhancer, and our 
functional studies show that OSTN restricts activity-dependent dendritic growth in human 
neurons. These findings suggest that subtle sequence changes in cis-regulatory elements allow 
for neuronal activity-regulated gene programs to be tailored for lineage-specific features of brain 
plasticity and development. 
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Abstract: Experience-driven programs of neuronal gene expression have been shown to regulate 
the plasticity of brain circuitry in model organisms. However, it is not known if there are 
neuronal activity-regulated genes that control features of brain development and function that are 
unique to primates, including humans.  We identified a new activity-dependent secreted factor 
Osteocrin (OSTN) by transcriptional profiling of human fetal brain cultures.  While Ostn is 
exclusively expressed in bone and muscle of mouse, OSTN is enriched in the neocortex of human 



and macaque. We find that OSTN gene has been evolutionarily repurposed in the primate lineage 
through the acquisition of a new neuronal activity-regulated enhancer. Functional studies showed 
that OSTN restricts activity-dependent dendritic growth in human neurons. These findings 
suggest that modification of neuronal activity-regulated gene programs, via the evolution of cis-
regulatory elements, may contribute to lineage-specific features of brain plasticity. 
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Abstract: The mechanisms at the basis of cortical postnatal development are still poorly 
understood. It has been proposed that cortical development derives from a delicate interplay 
between innate and experience-dependent factors converging at the level of the regulation of 
gene expression. In this context, miRNAs could be molecular “chisels” used to sculpt the 
transcriptome during development. To understand their role in visual cortical development we 
performed sequencing analysis of miRNAs and mRNAs from the visual cortex of the mouse at 
P10 and P28, two ages corresponding to the beginning and completion of the functional 
development of visual cortical neurons. We found that a dramatic age-dependent regulation of 
the transcriptome affecting a number of KEGG pathways. Intriguingly we found that age-
dependent regulation of miRNAs was paralleled by regulation of their putative targets in an 



opposite manner, suggesting that miRNAs shape the cortical transcriptome during this period of 
development. Functional validation of the role of the regulated miRNAs will elucidate the 
relevance of this regulation for cortical development. 
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Abstract: Children with sensory processing challenges (SP) show atypical reactions to everyday 
sensory information. Current hypotheses regarding the biological basis of SP implicate cortical 
regions involved in primary sensory processing and multimodal sensory integration. The role of 
the amygdala, a subcortical structure which receives inputs from all sensory modalities, is 
unknown. We investigated whether N-acetylaspartate (NAA), a marker of neuronal integrity, 
was different in children with SP compared to typically developing (TD) children, and whether 
NAA levels corresponded to individual differences in parent reported sensory symptoms. 
Children with SP had a significantly elevated Sensory Profile score on at least 1 of 4 quadrants: 
Seeking/Seeker, Avoiding/Avoider, Sensitivity/Sensor, Registration/Bystander. Autism spectrum 
disorder was ruled out in all participants. Data collection is ongoing. The sample included 10 
children with SP and 12 age- and IQ-matched TD controls between 8 and 12 years of age. 3D 
MPRAGE and magnetic resonance spectroscopic (MRS) data were acquired on a 3T Philips 
Achieva system. Single-voxel MRS data were acquired from a left amygdala-hippocampal 
region and a left lateral superior cerebellar region using a PRESS sequence (TE=35ms, TR 
2000ms, 2048 complex time points, spectral width 2000 Hz, 32 avgs, voxel size 30x30x30mm). 
NAA concentrations were estimated using LCModel, referenced to water, and corrected for CSF 



partial volume effects. Independent t-tests and bivariate correlations between NAA 
concentrations and scores on the Sensory Profile were run using SPSS. Results: The SP group 
had significantly higher NAA than the TD group in the amygdala-hippocampal region (p = .007), 
but not in the cerebellar region (p = .543). Correlations were run on the combined sample 
(N=22). Higher amygdala NAA was correlated with significantly more sensory symptoms in 5/6 
sensory sections (not oral) and all 4 Quadrants. The most robust correlations (p < .005) were 
observed in the auditory (r = .545), touch (r = .690), body position (r = .593) and movement (r 
=.773) sections and the Seeking/Seeker (r=.749) and Registration/Bystander (r =.704) 
Quadrants. No significant correlations were observed in the cerebellum (p vals ranged from .225 
to .959). In this preliminary study, higher levels of amygdala-hippocampal NAA were associated 
with more severe sensory challenges, indicating that atypical sensory processing may be related 
to increased dendritic arborization and synaptic connectivity. Elevated NAA does not appear to 
be a generalized effect throughout the brain in SP, as group differences were not observed in our 
cerebellar control region. 
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Abstract: Drug addiction is widely linked to the orbitofrontal cortex (OFC) and the dorsolateral 
prefrontal cortex (dlPFC) which is essential for regulating reward-related behaviors, emotional 
and inhibitory responses, and anxiety. Over the past 20 decades, neuroimaging has provided 
significant contributions revealing the functional and structural alternations in the brains of drug 
addicts. However, the underlying neural mechanism in the cortices and their correlates of drug 
addiction and anxiety still need further elucidation. In this study, we examine the local network 
dynamics in the OFC and dlPFC regions through resting-state functional connectivity (rsFC) by 
using functional near infrared spectroscopy (fNIRS) from eight chronic users in the heroin-
dependent group (HD) and seven normal subjects in the control group (CG). We discovered that 
the HDs manifested enhanced interhemispheric correlation and functional connectivity across the 
OFC regions. Moreover, the small-worldness was identified in the HD brain networks. We 
suggest that the individuals under chronic heroin influence carry more complex local brain 
networks than normal individuals. Alongside the abnormal robustness, our findings also revealed 
that there was a dissociation in the functional connectivity between the left inferior frontal gyrus 
and other regions correlated with anxiety. This work may pave a new insight into the neural 
adaptations resulting from chronic opiate intake. 
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Abstract: Learning disability (LD) is diagnosed when an individual’s achievement on 
individually administered, standardized tests in reading, mathematics, or written expression is 
substantially below that expected for the individual’s age, schooling, and level of intelligence. A 
major problem in diagnosing LD is the strong cultural and educational influence on the 
diagnosis. Thus, objective and easily to apply methods would be helpful for LD diagnosis. In this 
paper we demonstrate first findings of our project to establish neurophysiological biomarkers 
helping to diagnose LD. Here we have used electroencephalographic (EEG) measurements 
during resting state condition in LD children and in healthy control children (HC).Using the 



group independent component analysis (gICA) model to identify substantial differences between 
LD and HC children in terms of their spectral EEG profiles we obtained the following findings: 
(a) there was substantial slowing of EEG oscillations, especially for gICs located in frontal scalp 
positions; (b) the estimated intracortical sources of these gICs were mostly located in brain areas 
involved in the control of executive functions, attention, planning, and language; and (c) those 
LD children suffering predominantly from verbal problems (LD-Verbal) demonstrated 
substantial differences in EEG oscillations in language-related brain areas. The general pattern of 
atypical neurophysiological activation found in LD children suggests that they suffer from 
neurophysiological dysfunction in brain areas involved with the control of attention, executive 
functions, planning, and language functions. LD-Verbal children also demonstrate atypical 
activation, especially in language-related brain areas. Using these neurophysiological measures 
we were also able to correctly classify the LD children with a precision of > 90%. Thus, these 
EEG techniques might be useful for objective classification and diagnosis of LD children, which 
is particularly important for non-Western countries. In addition, these atypical 
neurophysiological activation patterns might provide a helpful guide for rehabilitation strategies 
to treat the deficiencies in LD children. 
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Abstract: Sex differences in the dopamine (DA) pathway are likely to underlie male 
susceptibility to neurological disorders such as Parkinson’s disease (PD) and attention deficit 
hyperactivity disorder (ADHD). Aside from hormonal effects, recent evidence suggests that sex-
chromosome genes may influence the sex differences in the healthy and diseased DA system. 
The Y-chromosome gene, SRY, is an ideal candidate to study, as it is found in various DA 
abundant brain regions. Our previous in vivo studies showed that reducing SRY expression in 
midbrain cells significantly reduced motor function and expression of DA machinery genes in 
male rats, suggesting that SRY regulates DA biosynthesis and motor function in males. Thus, we 
propose that dysregulation in SRY expression could underlie male susceptibility to DA 
associated disorders such as PD and ADHD. To test this hypothesis, we investigated the 
regulation of SRY in the normal and diseased male DA system using in vitro and in vivo models 
of PD and ADHD. In the human male dopaminergic cell line, M17, SRY expression was 
significantly increased at 1h following DA treatment with no significant changes in GADD45γ (a 
marker of DNA damage and a known regulator of SRY) expression and cell viability, indicating 
that SRY is regulated by a GADD45γ-independent (possible DA receptor-dependent) mechanism. 
However, increase in SRY expression at 6 and 12h was associated with significant increases in 
GADD45γ expression and increased cell death. Similarly, treatment with the DA toxins 6-
hydroxydopamine (6-OHDA) or rotenone increased SRY and GADD45γ expression at 6 and 24h. 
In the 6-OHDA lesioned rat model, unilateral injection of 6-OHDA increased nigral SRY and 
GADD45γ expression from days 2 to 14 post-injection, which was associated with reductions in 
limb use and nigral TH expression in male rats. Injection of rotenone, also elevated SRY and 
GADD45γ expression at day 7 post-injection. In the spontaneously hypertensive rats (SHR), a 
well charaterised animal model of ADHD, male SHR showed significant hyperactivity in 
velocity and distance travelled as compared to the control male Wistar Kyoto rats (WKY) in the 
open field test. These behavioral differences were associated with significantly lower SRY 
expressions in the prefrontal cortex, hippocampus, hypothalamus and substantia nigra of male 
SHR compared to male WKY. In conclusion, we showed that SRY is upregulated in vitro and in 
vivo models of PD, and downregulated in a ADHD model, indicating that SRY dysregulation may 
underlie male susceptibility to these disorders. Thus, normalizing SRY expression may be a 
potential therapeutic strategy for treating DA-associated disorders such as PD and ADHD. 
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Title: Tool-induced learning and plasticity in motor control of healthy and DCD teens 

Authors: *M. MARTEL1, L. FINOS2, A. FARNÈ3, A. C. ROY1;  
1Lab. Dynamique Du Langage Univ. of Lyon, Lyon, France; 2Dept. di Scienze Statistiche, 
Padova, Italy; 3Integrative Multisensory Perception Action & Cognition team (ImpAct) CRNL 
Univ. of Lyon, Lyon, France 

Abstract: Body Schema plasticity has recently gained increasing interest, as the update of our 
body-parts posture and length might be the basis for humans’ exquisite mastery of tools. To 
efficiently control our actions, whether performed with our own body effectors or with tools, the 
brain needs to store and update all the metrics of the body (from the coding of initial hand 
position, to the evolving state of the effector, through the dimensions of the body). Previously 
(Baccarini et al, 2014; Cardinali et al, 2009, 2011, 2012, 2016), we reported that using a tool 
functionally extending the arm leads to a fast plastic update of the arm representation for action, 
namely the Body Schema (BS). Tool-induced modifications are reliably observable on the 
kinematics of subsequent free-hand movements. 
Here, our aim was twofold. First, we examined whether this fast body plasticity co-exists with 
the slow body metrics modifications induced by growth. Second, we investigated body 
representations in adolescents affected by Developmental Coordination Disorder (DCD) as 
inaccurate body representations might lead to general clumsiness, or poor motor skills. 
We assessed the kinematics of typical developing and DCD adolescents in a task requiring to 
reach for an object before and after having performed the same action with a tool. In addition, we 
examined their imitation skills using the De Renzi scale for apraxia. Their pubertal development 
was evaluated through a Pubertal Development Scale. 
Results indicate that tool-induced plasticity develops slowly, becoming apparent only after 
puberty that is when an adult body dimension has been reached. Indeed, the more mature were 
adolescents, the more they displayed, as observed in adults, peaks of longer latencies and smaller 
amplitudes after tool-use. DCD adolescents did not display the typical tool-induced plasticity as 
they performed their movements faster after tool-use (reduced latencies, increased peaks), 



kinematics values reaching a normal range. 
While the body representation for action undergoes fast updates in adults, its plasticity does not 
seem to co-exist with the slow update required by growth. This lack of BS fast plasticity might 
be linked to the clumsiness described in teenagers, as further suggested by their difficulties in 
imitating arm and finger gestures and postures. Adolescents with DCD did not update their arm 
representation either, interestingly though, their free-hand movements tended to normalize after 
tool-use. 

Disclosures:  M. Martel: None. L. Finos: None. A. Farnè: None. A.C. Roy: None. 

Poster 

585. ADHD and Other Behavior Disorders 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 585.06/D27 

Topic: A.07. Developmental Disorders 

Support: NIH Grant P50 HD40095, R01 HD056107 

 NIH Grant T32 NS041218 

Title: An fMRI and fcMRI study of the motor system in children with and without dyslexia 
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Abstract: The defining feature of developmental dyslexia is difficulty in learning to read. 
However, motor impairments are also reported in studies of dyslexia (Wolff, 2002) and there are 
several theories that attempt to account for these observations. The cerebellar deficit hypothesis 
proposes that reading difficulties result from dysfunction in motor-articulatory systems that 
relate to phoneme processing and/or automatization of motor and other skills (Nicolson et al., 
2001). Differences in activity in the cerebellum have been observed in adults with dyslexia 
during sequential finger pressing of learned and novel sequence (Nicolson et al., 1999) and serial 
reaction time tasks (Menghini et al., 2006). The latter also identified differences in 
supplementary motor area (SMA), right lateral premotor cortex, and inferior parietal cortex. It is 
unknown, however, if these differences also present during simple, externally paced finger 
movements commonly used in studies of the motor system (Witt et al., 2008). To address this 
question fMRI data was acquired in 17 dyslexic (10.2 ± 1.4 years; Woodcock-Johnson III (WJ 
III) Word ID < 92) and 16 non-impaired (9.6 ± 3.2 years; Word ID > 92) right-handed children 



while performing irregularly paced, separate left and right thumb tapping tasks. Whole-brain 
fMRI and functional connectivity (fcMRI) analyses were performed within and between groups 
using SPM12 and CONN 16a with in-scanner head motion and reaction times entered as 
nuisance covariates. Seed-to-voxel correlations were used for fcMRI with 6 mm spheres in 
ipsilateral cerebellum, contralateral primary sensorimotor cortex (SM1), and SMA. Clusters of 
activity (height threshold p = 0.001, a cluster-level FDR correction at p < 0.05) were found in 
children with and without dyslexia in contralateral SM1, bilateral SMA and ipsilateral 
cerebellum for movements of the thumb with either hand. Between-group comparisons during 
right finger tapping revealed greater activation for dyslexic compared to non-impaired readers in 
a cluster (MNI=6, -27, 62) containing bilateral paracentral lobule (BA 5) and extending into 
SMA and precentral gyri (BA 6). Activity here was correlated with WJ III Reading Fluency (r = 
-.48; p < .005) and Rapid Automatized Naming (RAN) time (r = -.48; p < .005). FcMRI was 
observed for each group, but no between-group differences were found. In conclusion, there was 
no evidence of cerebellar dysfunction in dyslexia, but instead aberration of cortical motor 
function underlying right finger movement. 
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Abstract: Youth who display increased levels of externalizing behavior and whom additionally 
present with elevated callous-unemotional (CU) traits (lack of empathy and remorse/ guilt) show 
reduced sensitivity to other peoples’ fear. This is accompanied by reduced amygdala 
responsiveness. However, the amygdala has also been shown to habituate to repeated stimulation 
by facial expressions, and therefore, the reduced average responsiveness to fearful facial 



expressions might be related to stronger habituation to these stimuli in youth with elevated CU 
traits. In the current study, we included 77 youth with varying levels of externalizing behavior, 
who performed a gender discrimination task on photographs of actors displaying fearful 
expressions of increasing intensity. The task was split into two runs. Analyzes were conducted 
within the framework of the Research Domain Criteria project, meaning that a dimensional 
approach was adopted. The inverse relationship between amygdala responsiveness and level of 
CU traits was significantly greater in run 2 relative to run 1. In addition, connectivity between 
the amygdala and the anterior insula, posterior cingulate cortex and several regions in the visual 
cortex was significantly more inversely related to the participant’s level of CU traits during run 
2, compared to run 1. These data suggest that previous findings of generally reduced average 
responsiveness to fearful facial stimuli in youth with elevated CU traits might reflect greater 
habituation to these stimuli in these youth. 
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Abstract: With an estimated incidence rate of 1/100 live births, Fetal Alcohol Spectrum 
Disorders (FASD) present a unique minutiae of clinical and social implications and difficulties. 
As children with FASD share similar behavioral profiles with other disorders such as attention 
deficit hyperactivity disorder (ADHD) and oppositional defiant disorder (ODD), while 
simultaneously being underreported throughout society, identifying reliable neurophysiological 
markers is paramount to help us understand this widespread disorder, and to develop appropriate 



treatment interventions. Previous studies have identified both structural and functional deficits 
associated with FASD, yet it is unclear how these structural deficits directly impact function. To 
gain further insight into the combined impact of structural and functional deficits we employed a 
multivariate joint independent component analysis (jICA) to identify linked components that 
covaried across adolescents (age 12-21) with FASD (n=11) and healthy controls (HC: n=17). We 
focused on measures of Fractional Anisotropy (FA) and neural responses to sensory stimuli as 
measured with Magnetoencephalography (MEG) using bilateral auditory (Aud), somatosensory 
(Som), and Visual (Vis) stimuli. We found 5 joint components representing a pattern of 
covariation across FA and sensory evoked responses that showed significant group differences. 
The first component (p=0.023) indicated that HC showed a stronger association than FASD 
between FA in cerebellar white matter tracts and MEG amplitude in the R temporal, R central, 
and L and R occipital regions (MEG) during Aud, Som, and Vis stimuli. These findings provide 
evidence for a correspondence between localized alterations in structural connectivity (FA) and 
functional responses (MEG) in FASD. Considering the majority of individuals with FASD 
exhibit no identifiable morphological alterations compared to HC, identifying markers specific to 
FASD is essential to avoid misdiagnosis and to inform early life interventions. 
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Title: Arithmetic processing in children with dyscalculia. An event-related potential study. 
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Abstract: Dyscalculia (Dy) affects academic performance and daily life, a characteristic of this 
disorder is the difficulty to identify if the result of an arithmetic operation is correct or not. 



Studies of Event-Related Potential (ERP) report that, unlike children with Dy, normal children 
show N400 and P600 components in the incorrect probe of an arithmetic operation. Objective: 
compare electrophyisiological activity during arithmetic processing between a group of 20 
children with Dy and a group of 18 children with normal academic performance (NAP). We 
recorded ERP during an arithmetic verification task. Each trial corresponds to one-digit sum 
followed by a correct or incorrect probe (experimental conditions). Children decided if their own 
result match or mismatch regarding the probe. ERP were obtained time-locked to onset of the 
probe. A non-parametric permutation multivariate analysis was applied to evaluate differences 
between conditions. In both groups there was a higher percentage of right answers for the 
incorrect-probe compared to correct-probe. In both conditions, the percentage of right answers 
was higher in NAP than Dy group. NAP group showed an N400 effect (higher amplitudes to 
incorrect-probes than correct-probes) and a late positive component with widespread distribution 
(higher amplitudes to correct-probes than incorrect-probes). In contrast, Dy group displayed no 
significant N400 effect but a focal (P4, O1, O2, T6) late positive component. This suggests that 
Dy group has significant problems from arithmetic and matching-probe processes, reflected by 
N400, to a deficient verification process manifested by the late positivity. Acknowledgments: 
Héctor Belmont, María Elena Juárez, Héctor Belmont, PAPIIT (proyecto IN204613) & 
CONACYT (251309). 
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Abstract: Bilirubin-induced neurological dysfunction (BIND) is implicated in a wide range of 
neurodevelopmental disorders. In jaundiced Gunn rats (jjs) hyperbilirubinemia (HB) peaks 
between 16-21days of age, and jjs exhibit hyperactivity and gait abnormalities implicating 
cerebellar dysfunction. Determining cerebellar effects of HB at the time of high exposure and 
subsequently may provide biomarkers to diagnose BIND and new targets for intervention. In 
order to do this, we used 1H-MRS in a 9.4T MRI to quantify neurochemicals related to oxidative 
stress, astroglial activation, inflammation, excitatory neurotransmission, bioenergetics, and 
neuronal integrity in the cerebellum of jjs and their non-jaundiced (Nj) littermates at 21days and 
4 mos of age. We also measured body weight, total plasma bilirubin, locomotor activity, and 
MRI cerebellar volume. At 21 days bilirubin levels in jjs were 13.5±1.1 mg/dL and 13.3±0.4 
mg/dL in jjs that were in the 21 days and 4 mos imaging groups, respectively. At 21 days jjs 
exhibited significant increases in neurochemicals related to glutamate turnover (glutamine and 
glutamine/glutamate ratio), excitotoxicity (serine), astroglial activation/inflammation (myo-
inositol), oxidative stress (ascorbate, glutathione), cell membrane turnover and breakdown 
(glycerophosphocholine, phosphocholine), and significant decreases in bioenergetic function 
(aspartate), and neuronal integrity (N-acetylaspartate, taurine). At 4 months markers of decreased 
neuronal integrity were still present, and glutamate and macromolecules were decreased in jj 
rats, but the other markers were no longer different between jjs and Njs. Cerebellar volume was 
significantly decreased in jjs at both ages, and in 21 day jj rats, cerebellar glucose was 
significantly correlated positively with myo-inositol (r=0.86) and negatively with body weight 
(r=-.76) and cerebellar volume (r=-.77). In summary, we found abnormal neurochemical events 
in the cerebellum of jj rats. The transitory effects at the time of peak HB, including the potential 
relationships between glucose and measures of astroglial activation/inflammation, oxidative 
stress, cerebellar volume, and body weight, provide therapeutic targets for intervention in BIND, 
and long-term abnormalities suggest possible 1H-MRS biomarkers in older children and/or adults 
to implicate BIND. 
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Title: Early detection of reading impairment with virtual maze environment: a longitudinal study 
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Abstract: Reading disorder (RD, a.k.a. Dyslexia) is a specific learning disability that affects 
reading. If learning disabilities remain untreated, a child may experience long term social and 
emotional problems which influence future success in all aspects of their lives. Early detection 
and intervention will help to close the gap between typically developing and reading impaired 
children in acquiring reading skills. Although our understanding and treatment for dyslexia has 
greatly increased in the last 20 years, a significant percentage of children with dyslexia are either 
identified too late, or have a specific manifestation of the disorder that is not understood well 
enough to design and deliver a successful remediation. Research examining the connection 
among genetic, cognitive and behavioral aspects of reading disorder offers promise for early 
identification and intervention to successfully address specific phenotypes of RD. Recent 
research from our laboratory demonstrates that 8-13 year olds with RD exhibit impaired 
performance on a virtual Hebb-Williams (vHW) maze task. In this study we examined 
performance on the vHW maze in 5-6 year old children who identified as either typical or 
struggling readers. This virtual maze test does not rely on text or require rapid access to 
phonological processing; therefore was not influenced by a potential difference in reading 
experience between groups. The goal of this study was to determine if pre-readers at risk for RD, 
exhibit altered visuo-spatial processing on the vHW maze task and risk variants of candidate 
dyslexia susceptibility genes (CDSGs). Our data demonstrate that struggling readers are impaired 
at the vHW maze task and performance on this task correlates with specific CDSG risk variants. 
Since the predictive validity of the early reading measures with later reading ability vary from as 
low as .38 to as high as .74, children who present as at risk at a young age may develop strong 
reading skills over time, and vice versa. In addition, sensory impairments can change over the 
course of development (i.e. experience) leading to a change in behavior. Therefore the 5-6 year 
old children were reexamined at ages 8-9 for reading and vHW maze performance. These studies 
are essential in order to understand the link between CDSG risk variants and cognitive 
processing deficits reported in individuals with dyslexia so that more comprehensive 
interventions can be developed to reach students with RD currently labeled as ‘non-responders’ 
to conventional methods. This is an important first step to early detection of RD, which may lead 
to a significant decrease in the delayed acquisition of reading skills. 
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Abstract: Dyslexia is a complex learning disability characterized by deficits in reading despite 
adequate intelligence, normal senses and proper socio-cultural opportunities. It is the most 
common reading disorder, affecting 5-10% of the population. Dyslexia has a strong genetic 
component and many susceptibility genes have been identified among which DYX1C1, DCDC2 
and KIAA0319 are the most replicated. The molecular functions of these genes are little 
investigated, yet all the above have been implicated in neuronal migration and development. 
More recently, our group and others have shown a link between dyslexia candidate genes and 
cilia. We are investigating the role of dyslexia candidate genes in relation to cilia and 
centrosome.We are thus performing assays in a human ciliated cell line (RPE1, retinal pigment 
epithelial cells) and in tissues for sub-cellular localization by immunofluorescence (IF). In 
addition, we are looking for common molecular pathways of the candidate genes DYX1C1, 
DCDC2 and KIAA0319 by functional assays. We are using neuroepithelial-like stem cells (NES 
cells) derived from induced pluripotent stem cells (iPSCs) as a model to further dissect the 
molecular mechanisms involved in dyslexia. NES cells are self-renewing and can be 
differentiated along the neural and glial lineages. We have shown by qRT-PCR and IF that 
DYX1C1, DCDC2 and KIAA0319 gene expression is upregulated in NES cells during their 



differentiation to neurons and glia. In addition, they are growing cilia during differentiation, as 
shown by IF and qRT-PCR of ciliary markers. NES cells are thus a valid model system to study 
the function of the dyslexia candidate genes and their role in cilia. We observe a localization of 
DCDC2 in the axoneme of some neuronal cilia upon differentiation and a localization of 
DYX1C1 around the basal body. Interestingly, CPAP/CENPJ - a centrosomal protein with a role 
in the regulation of microtubule assembly and disrupted in microcephaly - interacts and co-
localizes with DYX1C1 at the centrosome. In a parallel approach, we are using lentiviral 
expression constructs to overexpress DYX1C1, DCDC2 and KIAA0319 in NES cells in order to 
study the downstream pathways of these genes. 
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Abstract: Methylphenidate (MPH) is widely used in the treatment for Attention Deficit 
Hyperactivity Disorder and recently as a drug of abuse. It is known that acute exposure of MPH 
improve and chronic administration impairs the long term memory. However, the cellular and 
molecular and mechanisms involved in these synaptic processes are poorly understood. We 
address this question studying the visuo-spatial memory (VSM), hippocampal long term 
potentiation (LTP) and insertion of AMPA receptors in the plasma membrane in both conditions. 
Six sessions in the Morris Water Maze (MWM) were used to evaluate the acute and chronic 
effects on the VSM; rats p21 were administered i.p with a single dose of 1 mg/kg MPH or 
repeated dose during 6 days, respectively. Hippocampal slices of 400 µm of thickness were 
obtained of the same Sprague-Dawley rats used in the behavior test. LTPs were induced by theta 
burst stimulation (TBS) applied in Schaeffer collateral and recording field excitatory 
postsynaptic potentials in the Striatum radiatum of CA1. Finally, the slices were processed to 
evaluate the changes of surface-associated AMPA receptor employing western blot and 
crosslinking assays. Control and rats treated with single dose of MPH reduced the time to reach 
the platform in consecutive trials of MWM. A significant decrease was found in the 2th session 
(Control: 83.3±5.7 s; MPH: 58.8±7.3 s; p<0.05; n=21). In contrast, a significant increase was 
observed during the 2th (54.1±8.9 to 88.9±7.3 s; p<0.05; n=21) and 4th (33.4±5.9 to 62.9±9.8 s) 
sessions between the controls and chronically treated rats (n=21, p<0.05). To study the 
electrophysiological correlate of behavioral studies, we induce LTP in slices from the same 
animals used in behavioral studies. A significant increase from 150.1±0.2% to 179.9±0.3% 
(n=4,7; p<0.001) was observed in the TBS-dependent LTP in acute conditions, in contrast, a 
significant decrease from 156.14±0,3% to 131.19± 0.5% (n=4,6; p<0.001) was observed in 
chronical conditions. To investigate the molecular mechanisms we evaluate the insertion of new 
AMPA receptors in the surface. Consistent with our electrophysiological results, we found a 
significant increase in the protein levels of GluA1 subunit from 0.46±0.02 to 0.73±0.02 (n=4, 
p<0.05) in acute conditions and a significant decrease from 0.45±0.01 to 0.29±0.02 (n=4, 
p<0.05). These results suggest that acute and chronic applications of MPH induce a differential 
effect on the plasticity. MPH improved the behavior performance enhancing LTP by insertions 
of AMPA-GluA1 receptor subunits and impaired the behavior performance decreasing the LTP 
due to removing of AMPA-GluA1 receptor subunits in plasma membrane. 

Disclosures:  C.A. Carvallo: None. D. Contreras: None. R. Farias: None. D. Morales: 
None. G. Ugarte: None. R. Delgado: None. C. Rozas: None. M. Zeise: None. B. Morales: 
None. 



Poster 

585. ADHD and Other Behavior Disorders 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 585.14/E1 

Topic: A.07. Developmental Disorders 

Support: Ellison Medical Foundation Grant 

Title: Altered brain bases of rapid naming in adults with dyslexia 
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Abstract: Performance on rapid automatized naming (RAN; the ability to automatically and 
efficiently retrieve labels for abstract visual stimuli) predicts reading ability and relates to 
reading fluency. RAN performance is often impaired in readers with dyslexia but no study has 
yet compared the difference in brain activation during RAN performance between typical 
reading and struggling reading groups. Using letter, number, and alternating alphanumeric 
stimuli, we compared brain activations for adults with dyslexia to an age-matched sample of 
typically reading individuals. To evaluate developmental differences of brain activations during 
this task, we also included a sample of typically reading adolescents. As expected, adults with 
dyslexia and typically reading adolescents were significantly slower at performing all conditions 
of the in-scanner RAN task (letters, numbers, and alternating alphanumeric stimuli) compared to 
typical adults. Typically reading adults recruited posterior networks significantly more than 
adults with dyslexia during tasks containing letter stimuli (letter and 2set naming). Compared to 
typical adult and adolescent readers, adults with dyslexia exhibited more activation in right 
frontal and parietal areas during RAN letter tasks, while RAN number tasks evoked more 
activation in bilateral frontal and several right hemisphere areas in both adult groups compared to 
the typical adolescent group. Activation during RAN letter naming in the posterior occipital 
brain regions not only correlated with performance across groups on several word-reading 
measures, but was also correlated with rapid naming speed for all stimulus conditions. These 
results support previous hypotheses that the system for rapid naming overlaps with the reading 
brain system, and this differs between reader groups. Specifically, rapid naming activates the 
reading network of the brain, and activation patterns are comparable in reading and RAN in 
individuals with dyslexia. Implications for understanding the neural system associated with 
reading and component skills are discussed. 
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Title: Predictors of treatment outcome for neurofeedback trainings in adult attention deficit 
hyperactivity disorder (ADHD) 
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Abstract: Over the last decades, neurofeedback trainings have been established as a 
complementary neurobiological intervention in attention deficit hyperactivity disorder (ADHD). 
Even though meta analyses in childhood populations indicate clinical improvements over the 
course of neurofeedback interventions with typically medium effect sizes, the specificity of the 
training effects is discussed controversially. In the present study, 60 adult patients with ADHD 
were randomly assigned to 30 sessions of either a conventional EEG-based neurofeedback 
protocol (slow cortical potential / SCP training), a newly developed neurofeedback training 
based on near-infrared spectroscopy (NIRS) and focusing on frontal lobe function, or an 
electromyography-based biofeedback training (control group). Linear regression analyses were 
applied to identify predictors of treatment outcome in terms of changes in hyperactivity, 
impulsivity and inattention scores (self-report measure). For the overall sample, comorbid 
depressive and borderline symptoms at baseline as well as patient expectations regarding the 
success of the treatment were tested as potential (unspecific) predictors of the training outcome. 
In subgroup analyses, we furthermore tested the hypothesis that a particularly impaired frontal 
lobe function at the beginning of the training (as indicated by frontal lobe activation during 
NoGo trials of a Go/NoGo task) would predict a particularly good treatment outcome 
specifically within the NIRS frontal lobe training group. Preliminary data analyses show 1) 
significant symptom improvements in all three trainings groups, with some indications of a 
superiority of the NIRS training regarding impulsivity scores; 2) no significant prediction of 
treatment outcome by comorbid symptoms or patient expectations; and 3) a significant 



differential prediction of treatment outcome by initial frontal lobe function in both the NIRS and 
EEG training group. In more detail, a particularly weak initial frontal lobe function was 
associated with particularly pronounced improvements in impulsivity scores in the NIRS training 
group, whereas in the SCP group, a particularly strong frontal lobe function at baseline predicted 
the best training outcome (inattention and hyperactivity scores). The results indicate that an 
assessment of frontal lobe function before the beginning of a neurofeedback training might be a 
useful tool to assign adult ADHD patients to either an SCP (EEG) or frontal lobe training 
(NIRS), which might contribute to a more individualized treatment and optimize the effects of 
neurofeedback interventions. 

Disclosures:  A. Ehlis: None. B. Barth: None. K. Wittke-Laube: None. K. Mayer: A. 
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Abstract: Alterations in reinforcement sensitivity are a well-established finding in patients 
suffering from attention deficit hyperactivity disorder (ADHD) and are thought to depend on 
dopaminergic dysfunctions in the striatum (Luman, 2010). However, in addition to dopaminergic 
activity, reinforcement learning also depends on reward representations in the orbitofrontal 
cortex (OFC; Kahnt, 2010). It is unclear whether OFC reward representations differ in ADHD 



patients as well. 
In the current study, 16 ADHD patients and 18 typically developing (TD) children and 
adolescents (11-16 years) performed a delayed perceptual decision-making task in which the 
orientation or color of triangles had to be reported. The combination of both visual features 
indicated whether a high or a low reward was provided for a correct response. To obtain high-
resolution measures from the OFC despite reduced BOLD sensitivity in this region, we 
developed an optimized BOLD sequence (partial volume, 24 slices, voxel size = 1.25x1.25x 1.8 
mm3, TE=30ms) allowing complete coverage of the OFC with improved sensitivity. 
We found that both groups showed similar activation patterns during receipt of reward in several 
brain areas, including the bilateral OFC, insula and parahippocampus. However, during 
anticipation of high rewards, compared to TD, children and adolescents with ADHD displayed 
significantly stronger activity in the bilateral OFC as well as parahippocampus, left amygdala 
and left anterior cingulate. 
Our results suggest that while OFC representations for received reward value are generally intact 
in children and adolescents with ADHD, patients show enhanced OFC activity for large expected 
rewards, suggesting a higher sensitivity to anticipated reward value in the disorder. 
Luman, M. (2010). Identifying the neurobiology of altered reinforcement sensitivity in ADHD: a 
review and research agenda. Neurosci. Biobehav. Rev., 34(5), 744-754. 
Kahnt, T. (2010). The neural code of reward anticipation in human orbitofrontal cortex. PNAS, 
107(13), 6010-6015. 
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Abstract: Attention-deficit hyperactivity disorder (ADHD) is estimated to affect 8-12% of 
school age children. It has been suggested that environmental factors may contribute to the 



etiology of ADHD. In this regard, pesticides have been suspected. We exposed Sprague-Dawley 
rat pups to the Type II pyrethroid deltamethrin (DLM) at doses of 0, 0.25, 0.5, and 1.0 mg/kg 
from postnatal day 3-20. DLM increased mortality at the 1 mg/kg dose and reduced body weight 
at 0.5 and 1 mg/kg. In the Morris water maze (MWM) on acquisition for path efficiency there 
was a significant treatment main effect (P<0.04) whereas on reversal the effect fell short of 
significance (P=0.066). This pattern was similar for latency and path length on both acquisition 
and reversal. There was also a trend for a treatment effect on conditioned fear (P=0.0725). In the 
open-field there was a treatment x interval interaction (P<0.02) that by slice-effect ANOVA was 
in intervals 1 and 7 in which DLM groups were less active than Controls (recorded in 5-min 
intervals for 1 h). For prepulse-inhibition (PPI) of acoustic startle, there were significant 
treatment x sex (P< 0.01) and Treatment x Sex x PPI (P<0.03) interactions. Further analyses 
showed the effects to be in females (P<0.01). Among females, the effects were on the no-
prepulse (P<0.003) and low-intensity prepulse trials (P<0.002). In both cases the differences 
were between the 0.5 and 1 mg/kg DLM groups vs. Controls (Ps<0.01). On these trials, DLM 
dose-dependently reduced startle amplitude (Vmax). PPI assesses sensorimotor gating, an 
attention-related process that may relate to attentional aspects of ADHD. More litters are being 
tested. The data indicate that neonatal DLM exposure has adverse long-term effects on learning 
and attention, effects consistent with an ADHD-like phenotype. 
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Abstract: Attention-deficit/hyperactivity disorder (ADHD) is the most common 
neurodevelopmental disorder affecting ∼ 5% to 10% of children worldwide. It characterized by 



the three core symptoms of hyperactivity, impulsivity, and inattention. To date, the exact cause 
of ADHD is still unknown, but substantial evidence has shown that this disorder has a significant 
genetic component. Genetic animal models have been highly valuable in understanding this 
disorder. Though it cannot exactly reflect the human condition, animal models can give 
understanding into the disorder that cannot be achieved from human subjects because of various 
limitations. Due to its complexity (heterogeneous disorder), a sole model is unlikely to be able to 
simulate all of its symptoms. Nonetheless, a model that recapitulates key endophenotypes can be 
beneficial in understanding its etiology and providing specific therapeutic implications. Thus, the 
present study sought to develop an animal model of ADHD which would recapitulate the 
hyperactive phenotype of the disorder. Towards this, we studied common differentially 
expressed genes (DEGs) in the prefrontal cortex of SHR/Ncrl, the most validated animal model 
of ADHD. SHR shows hyperactivity in the open-field test, as compared to Wistar and WKY rats, 
a strain representing the “normal” heterogeneous population. Furthermore, hyperactivity in SHR 
was attenuated by treatment of psychostimulants. The common DEGs in the PFC of SHR vs. 
WKY/NCrl and Wistar rats are those involved in transcription, circadian rhythm, and 
corticotropin secretion. We then made transgenic animal models overexpressing one of these 
genes. Here we report our initial finding that mice overexpressing one of the candidate genes 
indeed showed hyperactive behavior. Additional studies are underway to further characterize the 
behavior of this new transgenic animal model and to exemplify any underlying neurobiological 
mechanisms. 
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Abstract: Introduction: attention deficit hyperactivity disorder (ADHD), as one of the most 
common childhood and adolescent’s neuropsychiatric disorders, has shown to demonstrate 
impairments of structural and functional neural connectivity networks, a finding that occurs in 



the maturation and pruning period of the brain synapses. Comparing effect of ageing on brain 
network development between healthy children and adolescents and ADHD patients would help 
to clarify this process. Methods: We used resting-state functional correlation matrices of 190 
ADHD patients and 330 age and sex matched healthy children and adolescents from ADHD200 
study (umcd.humanconnectomeproject.org). Minimum, maximum and average ages were 7.17, 
21.74 and 11.83 years respectively. Each matrix consisted of undirected weighted correlations 
between 200 regions in fMRI of subjects (Craddock atlas). Graph theoretical analyses were 
performed using the Brain Connectivity toolbox. In order to enable comparison of global 
network properties across groups we applied 20% sparsity threshold based on previous studies. 
Global efficiency, Transitivity, Assortativity and Modularity were calculated as global network 
measures. Using R for statistical analyses, measures were fed into general Linear Model (GLM), 
to investigate the age effect controlled for gender effect. Results: We found significant decrease 
in Assortativity with increase of age in healthy subjects after FDR correction (P value=0.018, t-
value=-2.3) compared to non-significant result with slower slop of asoortativity decrease in 
ADHD (P value=0.19, t value=-1.3) patients. The remaining measures did not reveal any 
significant changes with increase of age. Discussion: Number of neighboring nodes that sharing 
an edge with a node, defines as the degree. Assortativity indicates how preferentially nodes of 
similar degree connect to each other. As previously shown, adult and child functional brain 
networks both demonstrate small-world features, although consisting of different communities of 
nodes. The difference here is nodes arrangement: children’s communities arranged by anatomical 
proximity on the other hands adults’ predominantly reflect functional relationships. Above 
results may indicate architectural changes in functional network of normal population, from 
anatomical proximity connectivity through functional relationships. This connectivity pattern 
shift may be the main reason behind neural network malfunctions in ADHD, what reflects in 
amount of assortativity. Future functional connectivity studies focusing on the regional measures 
may clarify network dynamics in ADHD population. 

Disclosures:  B. Mohajer: None. N. Abbasi: None. A. Abdolalizadeh: None. N. Hosseini: 
None. 

Poster 

585. ADHD and Other Behavior Disorders 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 585.20/E7 

Topic: A.07. Developmental Disorders 

Support: DFG SFB 779, TP A03 



 NIH Grant P41 GM103545-17 

Title: Optimized stimulation protocol of the rIFG for the application of tDCS in children and 
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Abstract: Transcranial direct current stimulation (tDCS) is a non-invasive method that can 
induce changes in intracortical excitability, plasticity and neuronal activity and its use in patients 
with ADHD has been suggested as a promising alternative to psychopharmacological treatment 
approaches. Results of a prior investigation (Breitling et al., 2016, Front. Cell. Neurosci.) suggest 
that anodal tDCS of the right inferior frontal gyrus (rIFG) could improve interference control in 
adolescents with ADHD but results were inconsistent between patients. However, a simulation of 
the induced current flow revealed a diffuse current densitiy distribution in widespread brain areas 
due to the stimulation. For future applications we wanted to increase precision and effectiveness 
of the setting. A method with enhanced spatial focality that induces maximum current flow 
directly under the stimulation electrode uses a 4x1 ring electrode configuration that, in contrast 
to conventional tDCS, restricts the current flow to the area under the electrodes. The software 
“SCIRun5/BrainStimulator” and a multimodal child head model were used to compute an 
optimized electrode configuration for the stimulation of the rIFG in children and adolescents. We 
found that the optimized montage induces more current flow in the rIFG than conventional tDCS 
while diffuse current flow in the rest of the brain was reduced. To provide improved 
controllability of stimulation is of special importance in children and adolescents in order to 
avoid side effects. Currently, data are collected in children and adolescents with ADHD to 
investigate whether optimized stimulation of the rIFG yields indeed superior results. 
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Abstract: Attention deficit hyperactivity disorder (ADHD) is a neurobehavioral disorder 
affecting children and adults. Cigarette smoking by pregnant women is associated with 
significant increase in ADHD risk for their offspring, suggesting a link between exposure of the 
developing brain to nicotine and ADHD risk. To model developmental nicotine exposure, we 
developed a mouse model of pre- and early postnatal (i.e. perinatal) nicotine exposure. Female 
C57/Bl6 mice received drinking water containing nicotine (100µg/ml)+saccharin (2%) or 
saccharin (2%) alone starting 3 weeks prior to breeding, throughout pregnancy and until 3 weeks 
postpartum (i.e. during the nursing period). Another group of female mice received plain 
drinking water without any additives. The offspring from each group were weaned 3 weeks after 
birth, and behavioral analyses were performed between 3 and 5 months of age. We examined 
spontaneous locomotor activity, working memory (using a Y-maze) and attention (using an 
Object Based Attention test; OBA). Perinatal nicotine exposure produced hyperactivity in female 
but not male mice, working memory and attention deficits in male but not female mice at 3 and 5 
months of age. Exposure to saccharin alone did not produce significant changes in any of the 
measurements at either age. These data suggest that the perinatal nicotine exposure produces 
hyperactivity, working memory and attention deficit in a sex-specific manner. Our earlier work 
showed that nicotine exposure occurring during the 3 weeks prior to conception and lasting until 
birth (but not during the nursing period) produced hyperactivity, working memory deficit and 
attention deficit in both male and female mice. In this prenatal nicotine exposure model the 
offspring were cross fostered to drug-naïve nursing dams. In the present perinatal nicotine 
exposure mouse model the offspring remained with the nicotine+saccharin exposed or saccharin 
exposed biological mothers until weaning. Despite these differences in the design of the animal 
models, our data show that prenatal and perinatal nicotine exposures produce significant deficits 
in motor and cognitive phenotypes known to be associated with ADHD. 
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Abstract: Attention Deficit Hyperactive Disorder (ADHD) is the most common 
neuropsychiatric disorder in infancy, affecting 5% to 10% of school-aged population. In order to 
investigate cerebral activation patterns involved in interference control in ADHD, a functional 
MRI study was conducted on 40 right-handed 10-12 year old boys, 20 ADHD combined type 
and 20 age and IQ-matched typical developing controls, while they were solving the multi source 
interference task (MSIT). The task presents a set of 3 digits to participants and they have to 
identify the number that is different from the other two. In the “congruent” condition (CC), the 
target number is placed congruently with its position on the response-pad, whereas in the 
“incongruent” condition (IC), the target number is never placed congruently with its position on 
the response-pad. Significant differences where observed in response accuracy between groups 
(Mixed ANOVA, Group factor: F=4.2, p=0.04) and interestingly, the MSIT effect measured as 
the reaction time (RT) between IC-CC contrast, was greater in CONTROL than in ADHD group 
(Control: 193.6ms, ADHD: 152.7ms, t31=2.3, p=0.02). The neuroimaging results for the MSIT 
effect showed a significant enhancement in the activation of cerebral areas involved in executive 
control for ADHD as compared to controls. Specifically, ADHD showed more activity in a 
cluster that includes both right Medial Frontal Gyrus and right Pars Opercularis of Inferior 
Frontal Gyrus (Mixed effect model, p-value=0.04, corr.). A psycho-physiological interaction 
(PPI) analysis was performed using this cluster as seed. By mean of this, we found that ADHD 
group presents a significant greater functional connectivity with bilateral orbitofrontal cortex 
(OFC) as compared to CONTROL group (Mixed effect model, p=0.02 corr.). A correlation 
analysis between performance in IC and connectivity between right Medial and Inferior Frontal 
Gyrus and bilateral OFC showed that a worse performance correlated positively with the 



connectivity between these brain regions in both groups. Taken together our results could be 
interpreted in terms that the frontal activation elicited in MSIT by the ADHD represents a 
compensatory strategy resulting from the effort to maintain an adequate performance during the 
task. At the same time, our results can be interpreted in terms of underlying abnormalities in the 
switching between task positive and task negative networks. 
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Abstract: Due to a hyperfunctioning mesocorticolimbic system, the Naples-High-Excitability 
(NHE) rats have been proposed as a model for the mesocortical variant of ADHD. Compared to 
Naples Random-Bred (NRB) controls, NHE rats show hyperactivity, impaired non-selective 
attention(large number of rearing episodes with very low scanning duration), and impaired 
selective spatial attention (low performance in an eight-arm radial maze). Alteration in limbic 
functions has been proposed; however, resulting unbalance among forebrain areas has not been 
assessed yet. In the present work, by resting-state functional Magnetic Resonance Imaging 
(fMRI) in vivo, we investigated the connectivity of neuronal networks belonging to limbic vs. 



cortical loops in NHE and NRB rats (n=10 each). Notably, resting-state fMRI was applied (3x10 
min timeseries) using a multi-slice sagittal, gradient echo sequence. Voxel-wise connectivity 
maps at rest, based on temporal correlation among fMRI timeseries, were computed by seeding 
the hippocampus (Hip), nucleus accumbens (NAcc), dorsal striatum (dStr), amygdala (Amy) and 
prefrontal cortex (PFC) in both hemispheres. To summarize patterns of altered connections, clear 
directional connectivity was evident within the cortical loop, from PFC through the dStr and 
hence towards Hip: such communication was reduced. 
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Title: Impaired hippocampal plasticity and AMPA receptors phosphorylation in a mouse model 
of ADHD induced by prenatal nicotine exposure 
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Abstract: Attention deficit hyperactivity disorder (ADHD) is the most common 
neurodevelopmental disorder characterized mainly by hyperactivity, impulsivity and inattention. 
Drugs used for the treatment of ADHD, such as Methylphenidate (MPH), improve cognitive 
behavior. We have shown that acutely applied MPH increases the TBS-dependent long tem 
potentiation (LTP) in CA3-CA1 synapses of hippocampus, promoting the insertion of AMPA 
receptors in the postsynaptic membrane of wild type rats. Little is known about the molecular 



basis or modifications on LTP in mice models of ADHD. Using electrophysiological approaches 
and Western blot analysis we investigated LTP and AMPA receptor phosphorylation in an 
ADHD model induced by prenatal nicotine exposure (PNE). Female mice received nicotine 3 
weeks before mating and during pregnancy (0.1 mg/ml nicotine + Saccharin 2%, in drinking 
water). Locomotor activity was assessed in PNE mice using an Open Field Test (OFT), working 
memory with Y-Maze and attention with Object-Based Attention test (OBA). LTP in CA3-CA1 
was induced by applying theta burst stimulation (TBS, 5 trains, 100 Hz) in hippocampal slices 
obtained from Control and PNE mice (3-4 weeks old). Locomotor assessment show 
hyperactivity in PNE mice, total traveled distance in OFT was 81.8± 1.7m, n=8 compared with 
55.4± 1.9m, n=8 in controls mice (p<0.05, Mann-Whitney U-test). Attention deficits are also 
evident in PNE mice; in OBA test these mice shown an impaired attention, since they spent more 
time with the known object (41.2 ± 1.3s, n=4) than the controls (4.3±0.3, n=4; p<0.05). As 
expected from hyperactive mice, Y-maze reveals higher number of entries in PNE mice 
(55.6±21, n=7) than controls(36.5±3.3, n=6; p<0.05), working memory assessments in this test 
shown reduced spontaneous arm entries (PNE: 32±3.1, n=7 ; Controls:47.2±3.7,n=6 ;p<0.05 ), 
increased alternate arm return (PNE: 33.3±2.3, n=7; Controls: 20.8±2.2,n=6 ;p<0.05) and 
decreased same arm returns(PNE: 14.6±1.2, n=7; Controls: 24.5±0.7,n=6 ;p<0.05). A reduced 
LTP was found in PNE mice (126±0.4%, n=8) compared with controls (151.2±0.5%, 
n=4,8;p<0.05). A significant decrease in phosphorylation ratio for GLUA1-Ser831 was found in 
PNE mice (0.67±0.05,n=5 ) versus controls mice (0.93±0.01,n=4;p<0.01). No significant change 
in the phosphorylation ratio of GLUA1-Ser845 was observed (PNE:0.55 ±0.9,n=5, control:0.6 
±0.12 n=4; p > 0.05). 
Altogether our data indicate this model display all the behavioral hallmarks for ADHD: 
hyperactivity, impaired attention and memory deficits, which also are correlated with impaired 
LTP and lower phosphorylation of GLUA1-Ser831 subunit. 
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Title: Nicotine-induced epigenetic modification of the paternal germline DNA and ADHD 
symptoms in offspring 
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Abstract: Cigarette smoking and other forms of tobacco use remain a leading cause of disease, 
disability and death in the United States. When a pregnant woman smokes cigarettes, her fetus is 
at risk for both physical and cognitive deficits. In fact, cigarette smoking during pregnancy 
nearly doubles the risk for ADHD in the offspring. While more men than women smoke 
cigarettes, little is known about the impact of father’s nicotine use upon his offspring. With this 
in mind, we developed a paternal nicotine exposure mouse model in which adult male mice were 
exposed to nicotine (200µg/ml) in drinking water for 12 weeks. While the nicotine exposure was 
ongoing, the mice were bred with drug naïve females. To our surprise, the offspring of the 
nicotine-exposed fathers displayed hyperactivity and inattention, phenotypes commonly 
associated with ADHD. Interestingly, the nicotine-exposed mice (fathers) did not display either 
of these phenotypes. The offspring also displayed region- and sex-specific alterations in 
dopamine receptor mRNA expression in the brain. This led us to investigate the mechanisms 
underlying the expression of ADHD-related behavioral and molecular phenotypes in the 
offspring. One plausible mechanism is epigenetic modification of the father’s germ cell DNA. 
We found a significant increase in DNA methylation in the nicotine-exposed fathers’ 
spermatozoa. Specifically, DNA methylation was significantly altered in the dopamine D2 
receptor promoter region. These data suggest that epigenetic modification of father’s germline is 
associated with ADHD related behavioral and molecular phenotypes in the offspring. 

Disclosures:  D.M. Mc Carthy: None. S.E. Lowe: None. T.J. Morgan: None. T.J. Spencer: 
None. J. Biederman: None. P.G. Bhide: None. 

Poster 

586. Adolescents: Human Imaging II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 586.01/E13 

Topic: A.09. Adolescent Development 



Support: Pennsylvannia Department of Health 
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in spatial working memory and associated cortical oscillations are predictive of substance use 
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Abstract: Adolescence is a developmental period marked by substantial refinement of reward 
and impulse control circuitry in the brain. It has been hypothesized that increases in risk-seeking 
behavior seen in adolescents are a product of behavioral exploration and social and 
environmental learning that informs one’s approach to social interaction. However, with 
increased risk-seeking comes the potential for negative impacts from behaviors such as illicit 
substance use. Currently, the manner in which early adolescent substance use affects brain 
maturation is unclear as much of our existing knowledge of the impact of adolescent substance 
use is based on retrospective studies. Therefore, we recruited a prospective cohort of 96 
participants at 12 years of age who were determined to be high-risk for adolescent substance use, 
but had not reported any substance use at that time. Of this sample, 75 participants returned at 15 
years, and 36 individuals were identified as having used either marijuana, alcohol, or tobacco. At 
the baseline and follow-up assessments, general demographic data and various cognitive 
batteries were collected. Participants also completed a spatial working memory task with a high 
vs. low load manipulation (3 vs 1 items) during an electroencephalographic (EEG) recording. 
Behavioral analyses identified a significant age by load by substance use interaction for error 
rates (ER), p=.017, which reflected a larger load effect at baseline for non-users compared to 
users. This effect remained after controlling for baseline differences in IQ, and the behavioral 
regulation index (BR), metacognition index (MI), and global executive composite (GEC) scores 
measured by the Behavior Rating Inventory of Executive Function (BRIEF). Additional main 
effects of age (ER) and load (ER & reaction time (RT)) were observed (ps<.05). A closer look at 
the BRIEF composite scores revealed significant age by substance use interactions for MI, 
p=.007, and GEC, p=.024 and a substance use main effect for BRI scores, p=.003, with 
substance users having higher scores overall or developing higher scores at later time points. 
Time-frequency analyses of the EEG data found group differences over central and parietal 
electrodes at 12 years with non-users showing a higher load-induced modulation of beta/gamma-
band activity (20-40 Hz) during working memory maintenance, p<.001. This effect was absent in 
the substance use group, and these differences remained at the 15 year follow-up. Taken 
collectively, our data suggests that maturational differences in cortical high frequency 
oscillations may underlie a predisposition toward early adolescent substance use. 
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Abstract: Lateralization is a dynamic process along age and unbalanced functional asymmetries 
are related with developmental disorders such as dyslexia. In order to improve the better 
understanding of normal and atypical development, this study focuses on characterize functional 
asymmetries in healthy school-age children and adolescents, and identify gender and age effects. 
The sample consists in two subsamples acquired during 2010 and 2015, respectively, all of them 
were healthy participants with resting state functional MRI scans (TR=2s; 150-300 volumes). 
First sample includes 66 subjects (6-10 years old, 36 girls), and second sample includes 44 
subjects (11-19 years old, 34 girls), 32 of which participated in the first sample. 
After standard preprocessing (no global signal regression), five noise-based components and 
movement-affected volumes (relative RMS > 0.25) were regressed out, and subjects with less 
than 120 non-affected volumes (4 minutes) were exclude from further analysis (6 subjects were 
excluded with this criteria). 
For each subject, the average signal from 54 brain regions from each hemisphere was extracted 
and the Pearson correlation between all possible pairs of ipsilateral regions was obtained. A 
threshold of 0.35 was applied based on the best scale-free adjustment in a set of 0.05-step 
thresholds, and graph theory's Local Efficiency was obtained for each region in each hemisphere, 
then an asymmetry index was computed for each of the 54 unique bilateral regions. In order to 
consider the longitudinal aspects of the sample a linear mixed effects model was applied with 
age, gender, and their interaction as fixed effects and mean relative RMS as confounding 
variable. Significance effects were computed with a Likelihood Ratio Test and significance was 
defined as p<0.05 (corrected for multiple comparisons using false discovery rate at q<0.05). 
Significant effect was only found in the interaction of age and gender in the superior temporal 
gyrus (chisq=15.52; p=8.17e-05), where the rightward asymmetry increases with age only in 
males. No gender or age effects alone were found. 



This study showed functional connectivity asymmetries in a region surrounding the Sylvian 
fissure, which is related with auditory and speech processing. In our results this effect was only 
evident along the interaction with the age, so this asymmetry could be established during the 
adolescent period when language differences between genders are more patent. The hemispheric 
asymmetries in functional connectivity described in this study contribute to the better 
understanding of normal development. 
This research was supported by CONACyT 619683/330142. 
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Abstract: Adolescence is a time of significant change in social behavior and emotional 
regulation. During this time, individual and sex-specific differences are seen in developmental 
trajectories of brain maturation. One hypothesis is that the process of puberty, including 
increases of gonadal and adrenal hormones, may be linked to both structural and functional brain 
maturation. Of particular interest is the sex difference in the developmental trajectory of emotion 
processing. Previous research has shown both structural and functional sex differences in brain 
regions linked to socioemotional processing. Here, we examined sex and pubertal stage effects 
on neural processing while viewing emotional faces in well-characterized, healthy children. 
Fifty four typically developing children participated in the study (26 girls), all having a body 



mass index between the 15th and 85th percentiles, and skeletal age within two standard deviations 
of age-specific population norms as determined by wrist x-rays. Pubertal development was 
assessed by physical examination of breast (girls) and testicular development (boys) and 
participants were categorized into two groups: pre-pubertal (N=26, 8.2 ± 0.1 years, 13 girls) and 
pubertal (N=28, 12.6 ± 0.1 years, 13 girls). Functional MRI data were collected on a 3T GE 
scanner while participants viewed blocks of aversive and non-aversive faces. Data were pre-
processed in SPM5, normalized to a study-specific MNI template using ANTS, spatially 
smoothed (8 mm), and motion corrected using ART. Whole-brain voxel-wise analyses in AFNI 
used a multivariate model to determine the main and interaction effects of sex and pubertal status 
on BOLD signal during viewing of aversive versus non-aversive faces. 
Across both groups, there was a main effect of sex during aversive face viewing such that girls 
showed greater activation than boys in the right intraparietal sulcus, left orbitofrontal cortex 
(OFC), left dorsolateral prefrontal cortex (DLPFC), right superior temporal sulcus, left anterior 
cingulate cortex (ACC), and right posterior cingulate cortex (p<0.001 FDR). There were no 
regions in which boys showed greater activation than girls, no main effects of pubertal status, 
and no interactions between sex and pubertal status. These data are consistent with previous 
findings in adults showing greater activation in women than men in the ACC, OFC, and DLPFC. 
These results also suggest that some sex differences in neural processing related to social and 
emotional behaviors may be established prior to puberty and may develop independently of 
gonadal sex-steroid secretion. 
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Abstract: The capacity to inhibit a pre-potent response is a crucial executive function that 
matures over the course of development. Poor impulse control during adolescence has been 
explained by a dual-systems model in which rapid development of limbic regions precedes that 
of cognitive control areas. The Stop-Signal task, which requires the participant to withhold an 
already-initiated response, is a reliable metric of inhibition. The current fMRI study investigated 
the effects of pubertal development and sex on neural recruitment during response-inhibition in 
healthy children and adolescents. 
Fifty-two typically-developing children and adolescents performed the Stop-Signal task in a 3T 
GE MRI scanner. Participants were divided into two pubertal groups based on clinician-
determined Tanner Stage: 27 Tanner Stage 1 pre-pubertal children (8.7+0.3 yrs, range=8.1-9.3; 
12 girls) and 25 Tanner Stage 2-5 adolescents (13.1+0.7 yrs, range=12.2-14.6; 9 girls). Data 
were pre-processed and registered to a study-specific template in MNI space using SPM, and 
motion-corrected using ART. Using AFNI, we compared whole brain voxel-wise BOLD signal 
during inhibition (i.e. Successful-Stop events) to that of non-inhibition trials (i.e. Go events) to 
test for main and interaction effects of sex and pubertal group. 
Pre-pubertal children had slower average reaction times to Go signals than pubertal children 
(633+76 ms vs 583+82 ms, p=0.014), as well as fewer completed Go trials (83.8+.12% vs 
90.9+0.05%, p=0.012). Girls had slower go reaction times than boys (636+76 ms vs 590+69 ms, 
p=0.028) and higher stop accuracy (52+0.13% vs 42+0.15%, p=0.015). In fMRI, there was more 
robust BOLD signal in Successful-Stop than in Go trials in bilateral inferior frontal gyrus, 
supplementary motor area, and subthalamic nucleus, as well in visual processing areas (p<1x10-

7, FDR). Main effects of pubertal group and sex were not significant, but a pubertal group by sex 
interaction was found in in the right medial prefrontal cortex (p<0.06, FDR). Post-hoc analyses 
showed that in prepubertal girls this area is deactivated, but becomes activated following the 
onset of puberty (p<0.001). This pattern was opposite in boys (p=0.03). 
Neither pubertal stage nor sex significantly affected activation within regions typically involved 
in response inhibition. However, a sex-by-pubertal stage interaction was observed in a region 
important in social/emotional function. The fact that sex differences in mPFC activity were 
observed before puberty and were altered with puberty suggests an early dimorphism that is 
independent of gonadal steroids, but responsive to age or to the endocrine events of puberty. 
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Abstract: Performance-related feedback is an important tool used by educators to help 
adolescents learn. However, the learning efficacy of such feedback depends upon motivational 
factors that can vary within individuals and across situations. Corticostriatal brain systems play a 
critical role in both motivation and learning, so it is important to understand how well-
established ontogenetic changes in these systems during adolescence might scaffold learning and 
influence susceptibility to motivational factors. The present study used fMRI in conjunction with 
a motivational manipulation to compare adolescents’ (n=15, Mage=13.5) and adults’ (n=13, 
Mage=25.3) neural and behavioral responses to performance-related feedback. Participants 
completed a learning task in three phases: 1) a study phase outside of the scanner, 2) a scanned 
feedback phase, 3) and a post-test immediately after the scan. The feedback phase was divided 
into blocks of trials, half of which were framed as a test (threat) and half as opportunities to 
practice learning strategies (nonthreat). In both conditions, adults outperformed the adolescents, 
across both the feedback and post-test phases. However, on the post-test, adolescents performed 
as well as adults on items that were previously answered incorrectly, suggesting that they were 
just as capable of correcting their errors based on feedback. For items learned under the threat 
condition, adolescents exhibited even higher numbers of corrected errors than adults. On 
average, the motivational condition did not influence task performance for either age group; 
however, in youth, normative goals (i.e., goals to outperform others) were associated with greater 
effects of the threat manipulation on the correction of errors. In other words, teens who aimed to 
outperform their peers showed a greater threat-related improvement in the correction of incorrect 
responses. This relationship was not observed in adults. Feedback engaged similar brain 
networks in both age groups, including the striatum, medial prefrontal cortex, and posterior 
cingulate. ROI analyses identified age by threat interactions in the nucleus accumbens, caudate 
nucleus, amygdala, and hippocampus. In both adults and adolescents, neural responses to the 
threat manipulation related to participants’ beliefs about intelligence: individuals who believe 



intelligence is fixed exhibited stronger effects of threat in the striatum. These results highlight 
the importance of considering the interaction between contextual factors and individual 
differences when studying developmental influences on learning. 
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Title: Effects of Val158Met catechol-O-methyltransferase polymorphism on structural 
striatocortical connectomes in children and adolescents: a neuroimaging PheWAS 
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Abstract: Introduction: The Val158Met (or known as rs4680) polymorphism within the 
catechol-O-methyltransferase (COMT) gene results in valine (Val) to methionine (Met) 
substitution, with different dopamine release in subcortical regions, e.g. the striatum, and the 
cortex in Val158 and Met158 carriers. The variations in dopamine levels influenced by 
Val158Met has been linked to changes in cognitive functioning. Few studies have examined 
possible neuroanatomic effects. This work investigated effects of Val158Met on structural brain 
connectomes using a phenome-wide association study (PheWAS) approach, i.e. to identifiy 
which brain phenotypes are influenced by a genotype of interest. 
Methods: We obtained volumetric measures of subcortical regions and surface-based 
morphometric (SBM) measures of the cortex (including the cortical thickness, surface area, 
volume, gyrification index and gray to white matter ratio) from structural magnetic resonance 
imaging (MRI) scans of two neurodevelopmental cohorts: 1. the Pediatric Imaging, 
Neurocognition, and Genetics (PING) dataset (464 subjects, age=11.69±4.84, 223 females); 2. 
the Philadelphia Neurodevelopmental Cohort (PNC) (662 subjects, age=14.79±3.35, 331 
females). Structural striatocortical networks were constructed by respectively correlating the 
caudate and putamen volumes with the SBM measures across the cortex. Effects of Val158Met 



on the structural connectomes were assessed with analysis of variance (ANOVA). 
Results: As expected, Val158Met explained a significant amount of variance in the striatal 
connectivities with the lateral prefrontal cortex (PFC), which was found in the putamen-to-
cortical thickness network in the PNG cohort and in the caudate-to-cortical volume network in 
the PNC cohort. This may account for the changes in cognitive performance related to dopamine 
level variations in different Val158Met carriers. Additionally, in PFC cohort, significant genetic 
effects on the caudate-to-cortical volume correlations were also found in the insula, the 
cingulated, temporal and visual cortices. This is in line with previous findings that Val158Met is 
associated with processing of sensory emotion and pain and with the brain development in these 
areas. 
Conclusion: This work yields new insight into the mechanisms of how the COMT gene 
influences the brain in children and adolescents, and especially illustrates that Val158Met plays 
an important role in determining the biological factors that underlie structural striatocortical 
connectomes. 
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Abstract: Individuals with a family history (FH+) of alcohol use disorder (AUD) are 2 to 5 
times more likely to abuse alcohol in their lifetimes than individuals with no family history of 
AUD (FH-) (Spadoni et al., 2008). Even in the absence of heavy alcohol use, FH+ adolescents 
tend to perform worse than their FH- peers on cognitive, emotional, and decision-making tasks, 
perhaps due in part to underlying neurobiological differences (Acheson et al., 2009). The 
purpose of this study is to determine whether FH+ individuals show neuroanatomical differences 



compared to FH- controls. Here, individuals with at least one biological parent diagnosed with 
AUD are defined as FH+, and those with no biological parent with AUD are defined as FH-. By 
design, our sample had limited or no past substance use thereby minimizing confounds due to 
alcohol consumption. Structural brain scans of 94 FH- and 95 FH+ adolescents aged 13-18 were 
obtained using magnetic resonance imaging (MRI). Measurements of cortical thickness were 
obtained using the FreeSurfer software package. Subjects were binned into one of three age 
categories for analysis (13-14, 15-16, or 17-18 years). Analysis of covariance (ANCOVA) was 
conducted for each region of interest using SPSS software with age bin and FH group as 
independent variables and gender and total intracranial volume (ICV) as covariates. First, 
individual cortical lobes (frontal, parietal, occipital, and temporal) were analyzed. Then, any 
lobes showing group effects were broken down into individual regions for further analysis. Lobe 
level analysis showed group effects (p<0.10) for the frontal and parietal lobes. Follow-up 
analyses within these lobes demonstrated that FH+ had, on average, reduced cortical thickness in 
the in the right lateral and medial orbitofrontal cortices of the frontal lobe (p<0.05) as well as in 
the right postcentral region of the parietal lobe (p<0.10). These main effects were qualified by a 
significant interaction with age (p<0.05). FH+ subjects had thinner cortices across the age range, 
however the declines in thickness were more dramatic in FH- subjects. These findings 
demonstrate that the frontal and parietal lobes of adolescents are affected by family history of 
AUD. Decreased cortical thickness in FH+ at early adolescence may indicate deficient 
development prior to adolescence, and reduced cortical thinning during adolescence may reflect 
lack of pruning in these regions. As the frontal and parietal lobes are associated with executive 
functions and behavioral regulation, improper development of these regions may lead to a greater 
susceptibility to substance use disorders. 
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Abstract: There is a large body of work demonstrating profound inter-individual differences in 
cortical brain structure, as measured by magnetic resonance imaging. Recent research suggests 
that these inter-individual differences in the structure of a given brain region co-vary with inter-
individual differences in the structure of other brain regions, referred to as structural covariance 
(SC). However, compared to studies of functional brain networks, where a brain network is 
derived for each subject in a cohort, SC has been limited to analyses at the group-level due to the 
use of a single morphometric feature (e.g. cortical thickness) in the generation of a brain 
network. Although some methods have been proposed to generate individual SC networks, these 
have still been restricted to the use of a single morphometric feature, and have not made use of 
other aspects of brain morphometry, such as regional brain curvature and cortical white matter 
content. Thus, using a multiparametric MRI sequence in a cohort of 296 typically developing 
adolescents (148 females), we extracted 10 morphometric features for each brain region in a 308-
region parcellation, capturing diverse aspects of cortical morphometry. We constructed 
connectivity matrices using the pairwise Pearson correlation of the scaled regional morphometric 
features, resulting in individual 308x308 morphometric similarity networks (MSN). Network 
analyses of the individual MSNs produced graph metrics similar to those of traditional structural 
and functional brain networks (i.e. small-world and highly modular), and yielded a consensus 
modular decomposition which recapitulated the lobar organization of the brain. Edgewise 
analysis at the group level revealed differences in the spatial patterning of the most extreme left-
tail (negative) and right-tail (positive) edges, with the former mediating primarily inter-modular 
and long distance connections, and the latter mediating intra-modular and inter-hemispheric 
connections (bilaterally homologous regions). A significant decrease in individual global brain 
similarity - the absolute edgewise mean of each MSN - was observed with increasing age, 
suggesting that brain regions are becoming morphometrically differentiated during adolescence. 
Overall, by providing a new approach to measure regional morphometric relationships across the 
whole brain in a single subject, we believe this method will help us better understand the 
normative changes that occur during neurodevelopment, and will be sensitive to the individual 
differences in brain structural network organization that are a result of disease-specific processes 
or psychopathological abnormalities. 
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Abstract: Study: fMRI studies have revealed the underlying network structure of the resting 
brain and have informed our understanding of how networks continue to develop during 
adolescence. Very little is known about the time scales of neuronal activity that underlay the 
BOLD signal correlations typically analyzed in fMRI resting state analyses. Here, we leverage 
combined measurements of fast time scale MEG correlations and fMRI correlations within the 
same set of subjects to understand the temporal structure of neural activity observed indirectly in 
BOLD signal correlations. Methods: MEG: We collected 5 minutes of eyes open fixation resting 
state MEG (1000Hz sampling frequency) and fMRI (1Hz sampling frequency) data from 33 
subjects, ranging in age from 14-31 years. We extracted BOLD and MEG time series from a set 
of 333 cortical ROIs from each of the subjects. To characterize the temporal structure of MEG 
correlations, we computed cross-correlograms for each ROI pair across a 10 second interval. 
Next we computed the relationship between each lag of the MEG cross-correlograms to their 
corresponding BOLD signal correlations. This analysis reveals the temporal structure of MEG 
correlations that contribute to BOLD signal correlations. Results: We find that BOLD signal 
correlations across the cortex reflect structured temporal correlations occurring on time scales 
that are much faster that the typical BOLD signal sampling rates. In particular, higher BOLD 
signal correlations are associated with rhythmic 1Hz and 10Hz oscillations, as well as relatively 
short time scale synchronous correlations. 
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Abstract: Insufficient sleep has been associated with increased risk-taking and poor decision-
making. Sleep deprivation has been shown to amplify physiological responses to stress, but it is 
yet unknown how sleep deprivation interacts with acute stress to affect the neural correlates of 
risky decision-making in adolescents. In the current study, daily self-reports of stress were 
documented in adolescents (n = 22; ages 15-17 years) and adults (n = 22 adults; ages 25-30 
years). Participants also self-reported their recent sleep duration and completed two fMRI visits 
during which they performed an adaptive risky decision-making task: once each when they 
endorsed a high and low level of stress. Results revealed that under high stress, decreasing hours 
of sleep per night was associated with more disadvantageous risks and more gain-focused risks 
in both adolescents and adults. In addition, as sleep duration decreases, ventromedial prefrontal 
cortex activation increases when deciding not to take disadvantageous risks; this effect was 
stronger in adolescents than in adults. Sleep duration was not associated with risky decision-
making or neural activation under low stress, suggesting that insufficient sleep may amplify the 
effects of stress and affect decision-making behavior through modifications of the prefrontal 
cortex, a region undergoing significant development during adolescence. 
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Abstract: Introduction: The present fMRI experiment compares brain activity of adolescents 
with Autism Spectrum Disorders (ASD) to those of typically developing adolescents as they 
listen to their own first names, familiar people's names, numbers, and names objects of high 
interest. Carmodey et al. (2007) investigated hearing one's name in ASD in an fMRI study with a 
4-year-old sedated girl with ASD and found that the greatest volume of overall activation was 
recorded in response to numbers as compared to her first name and the word ‘hello’. Methods: 9 
participants with ASD and 9 controls (12 - 20 yrs) were enrolled, the diagnosis confirmed, and 
the Peabody Picture Vocabulary Test (PPVT-III), a test for verbal ability, administered. Subjects 
passively listen the stimuli. T1-weighted MR images were acquired on a Philips Achieva 3T 
scanner. T2-weighted images were acquired using a single-shot EPI protocol. During each of the 
three functional imaging sequences, 110 volumes were taken. Spm software was used for data 
anlysis, p < 0.05 and p < 0.1. Results: When hearing their own name, the ASD group showed 
overall less areas of activation and they relied more heavily on prefrontal structures (especially 
the frontal pole, BA 10) as compared to controls in support of the findings from Carmody et al., 
2007. Interestingly, we also found activity in the left thalamus in the group that scored lower on 
the verbal ability measure, the PPVT. 
When hearing their own name, controls and the individuals who scored higher on the verbal 
ability measure, the PPVT, (HS group) showed activation in areas of self-referential processing 
and areas associated with hearing one's name (including BA 7, BA 9, BA 13, BA 17, BA 22, BA 
31, BA 19). Also notable was a reliance on more anterior regions in the ASD and the lower-
scoring (LS group) vs. the more posterior activation in the control and HS groups. Interestingly, 
we found an involvement of the right hippocampus (BA 53) in the HS group. Conclusions: 
Overall, our results showed that, when listening to our highly self-referential stimuli, the 
neurotypical adolescents relied more on brain regions associated with self-recognition that were 
expected to be activated when hearing their own name and stimuli of high self-referential value. 
Adolescents with an ASD, on the other hand, relied on frontal-occipital areas linked to visual 
memory recognition and episodic memory. 
We infer that adolescents with ASD, especially those with lower verbal abilities, may 



"remember" their own name like they remember another familiar person's name, a desirable 
familiar object, or a number but they may not implicitly "know" self-referent words as distinct 
from other words. 
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Abstract: Introduction: Adolescence is an important transition in the life of human beings, 
characterized by rapid growth and pace changes, involving biological, cognitive and 
psychosocial aspects. The study of brain functional development during this period contributes to 
the better understanding of the brain-behavior relation. Here, we explore the developmental 
properties of the brain network based on measures of functional connectivity (resting state fMRI) 
and methods from graph theory. 
Methods: The sample consisted in two subsamples acquired during 2010 and 2015, respectively, 
all of them were healthy participants with resting state functional MRI scans (TR=2s; 150-300 
volumes). First sample included 66 subjects (6-10 years old, 36 girls), and second sample 
included 44 subjects (11-19 years old, 34 girls), 32 of which participated in the first stage. After 
standard preprocessing (no global signal regression), five noise-based components and 
movement- affected volumes (relative RMS > 0.25) were regressed out, and subjects with less 
than 120 non-affected volumes (4 minutes) were exclude from further analysis (6 subjects 
excluded). For each subject, the average signal from 116 brain regions (AAL atlas)was extracted 
and the Pearson correlation between all possible pairs of regions was obtained. A threshold of 
0.35 was applied based on the best scale-free adjustment in a set of 0.05-step thresholds, and 
graph theory's weighted degree was obtained for each region. A linear mixed effects model was 
fitted, with age, gender, and their interaction as fixed effects and mean relative RMS as 
confounding variable. Significance effects were defined as p<0.05 ( corrected for multiple 
comparisons using false discovery rate at q<0.05). 



Results: We observed a significant negative effect of WD with age (i.e., more age less WD) in 56 
regions, mainly including the frontal and parietal lobes and cerebellum. Of these regions, 14 
were frontal and 5 parietal. 
Conclusions: The decrements of WD with age, suggest functional specialization, which may be 
related to the synaptic pruning during adolescence. It is possible that the decrease of the WD on 
parietal and frontal regions, obey the process of massive elimination of short-range connections 
that occurs concomitantly with selective strengthening of long-range connections, which would 
result in a more efficient network and give raise to the complex reasoning seen in this period. 
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Abstract: Characterizing the interactions between reward and inhibitory control brain systems 
are critical to gain a fuller understanding of decision-making across the lifespan. Individual 
differences in resting state functional connectivity (rs-fcMRI) patterns can predict performance 
on a range of cognitive tasks, as well as individual differences in BOLD activity during tasks. 
However, relationships between rs-fcMRI and incentivized IC task performance have yet to be 
fully characterized. The current study applies extended unified structural equation modeling 
(euSEM) to rs-fcMRI data in children, adolescents, and adults in order to investigate 
developmental and individual differences in these patterns. In addition, we examined whether 
these differences are predictive of performance on an incentivized oculomotor anti-saccade task. 
Typically developing individuals (N=43, ages 10-18) completed a resting state scan and an 
incentivized oculomotor anti-saccade task. Exploratory euSEM provides confirmatory tests of a 
priori factor structures, relationships between latent factors and multigroup tests of mean 
structure measurement invariance. This approach allows for the recovery of effective 
connectivity maps for both groups and individuals and estimates lagged and contemporaneous 
directed paths between brain regions of interest (ROIs) simultaneously. ROIs were selected 



based on previous literature delineating regions involved in incentive processing (e.g. NAcc, 
amygdala), saccade generation (FEF, PPC), and inhibitory control (infPCS, vlPFC). Our 
preliminary results indicate higher contemporaneous resting state connectivity (RSC) between 
right and left (right -> left) vlPFC, and that this is associated with slower reaction times (RTs) on 
reward, loss and neutral trials. Children, relative to adolescents, have significantly slower RTs in 
all three conditions (no significant difference between adolescents and adults). Greater lagged 
connectivity in fefl and ppcr was associated with slower RTs on reward and loss trials in children 
relative to adolescents. Adults demonstrated greater contemporaneous connectivity between PPC 
left -> PPC right, and this was associated with faster reaction times on loss trials. Finally, 
compared to adults, children had greater resting activity from ppcr -> ppcl. Our results highlight 
specific differences in connectivity and their relationship to behavior across development. 

Disclosures:  N. Roberts: None. L. Lo: None. R. White: None. B. Luna: None. C.F. Geier: 
None. 

Poster 

587. Metabotropic Glutamate Receptors and GABAB Receptors 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 587.01/E26 

Topic: B.03. G-Protein Coupled Receptors 

Support: BBSRC Grant BB/H530570/1 

Title: Functional diversity of group II (mGlu2 and mGlu3) metabotropic glutamate receptors in 
the thalamus. 

Authors: *C. S. COPELAND1, T. M. WALL2, S. A. NEALE3, E. NISENBAUM2, T. E. 
SALT1;  
1Univ. Col. London, London, United Kingdom; 2Lilly & Co, Indianapolis, IN; 3Neurexpert Ltd., 
London, United Kingdom 

Abstract: The ventrobasal thalamus (VB) and thalamic reticular nucleus (TRN) transmit 
somatosensory inputs to S1 cortex. This circuitry can mediate sensory discrimination, enabling 
relevant information to be discerned from background activity. Group II metabotropic glutamate 
(mGlu) receptors (subtypes mGlu2/mGlu3) located within this circuitry can modulate 
somatosensory transmission. However, due to a lack of subtype selective compounds, the 
relative contributions of the two subtypes to this overall Group II receptor effect remains unclear. 
We address this using electrophysiology techniques and novel pharmacological tools. 
Whole-cell recordings were made in vitro from VB relay neurons in brain slices from Sprague-



Dawley rats, wild-type and mGlu3 knock-out mice. The Group II agonist LY354740 
presynaptically suppressed GABAergic IPSCs arising from TRN in both rat and wild-type mice 
slices, but had no effect upon IPSCs recorded from mGlu3 knock-out mice. This suggests that 
the presynaptic modulation of inhibition is predominantly mGlu3 receptor mediated. We then 
made extracellular single-neuron recordings in vivo with multi-barreled iontophoretic electrodes 
in the VB of anaesthetized Wistar rats. Single vibrissae deflections to activate single VB neurons 
were performed and compounds locally applied. The action of the dual mGlu2 agonist/mGlu3 
antagonist LY395756 provided further evidence that the Group II effect on somatosensory 
transmission is largely mediated via mGlu3: when applied alone the predominant LY395756 
effect mimics the Group II antagonist LY341495 under the same conditions. However, when 
LY395756 was co-applied with the mGlu2 selective positive allosteric modulator (PAM) 
LY487379, an increase in responses to vibrissa deflection was observed, an effect similar to the 
Group II agonist LY354740 under the same conditions. This can be attributed to the PAM 
revealing the underlying LY395756 mGlu2 agonism component. 
These results show that mGlu2 and mGlu3 receptors have different actions in the VB thalamic 
circuit, with mGlu3 directly modulating GABA release from TRN terminals. This heterogeneity 
in Group II receptor physiology bears consequence, as compounds active exclusively at mGlu2 
are unlikely to perturb maladapted VB firing patterns associated with somatosensory aberrations, 
such as those described in psychiatric disease. Targeting activity at mGlu3 receptors is likely 
more appropriate. Indeed, polymorphisms in mGlu3, but not mGlu2, gene alleles have been 
detected in patients with schizophrenia. 
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Abstract: The kynurenine pathway (KP) of tryptophan metabolism generates a plethora of 
compounds acting on different targets. Xanthurenic acid (XA), a kynurenine metabolite that has 
long been considered as part of the detoxification process of 3-hydroxykynurenine (3-HK), has 
recently emerged as a putative neurotransmitter in the central nervous system. While the 
mechanism of action of XA is not entirely clarified, some of the effects mediated by XA involve 
type-2 metabotropic glutamate receptors (mGlu2 receptors). Recently, several kynurenine 
derivatives have been tested as hypotensive agents, and L-kynurenine itself has been identified as 
an endothelium-derived factor that strongly influences the regulation of vascular tone during 
inflammation (Wang et al., Nat. Med. 16:279-285, 2010). Here, we examined the vasoactive 
properties of XA for the potential role of this compound in mechanisms of neuroinflemmation 
and associated vascular changes. We found that: i) XA (2.5 to 1000 µmol/l) almost completely 
abolished phenylephrine-induced constriction of mesenteric arteries both in the presence or in the 
absence of the endothelial layer; ii) under the same conditions, L-kynurenine behaved similarly 
to XA but with lower efficacy and potency; iii) XA was unable not able to relax aorta 
preconstricted with phenylephrine; iv) in conscious C57BL/6N mice (n = 5) XA (10 and 100 
mg/kg) reduced blood pressure; v) in mice pulsed with lipopolysaccharide (LPS) (10 mg/kg, 
i.p.), levels of kynurenines and XA (detected by HPLC/mass-mass spectrometry) raised by about 
tenfold at 36 hours; vi) mice pretreated with RO 61-8048 (an inhibitor of kynurenine 
monooxygenase that transforms L-kynurenine in the XA precursor, 3-HK) did not respond to 
LPS with a reduction of blood pressure. These data suggest that XA is involved in the regulation 
of the vascular tone in mice. 
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Abstract: Presynaptic, release-regulating metabotropic glutamate 2 and 3 (mGlu2/3) 
autoreceptors exist in central nervous system (CNS). They represent suitable targets for 
therapeutic approaches to central diseases that are typified by hyperglutamatergicity. The 
availability of specific ligands able to differentiate between mGlu2 and mGlu3 subunits allows to 
further characterize these autoreceptors. This study aims at investigating the pharmacological 
profile of mGlu2/3 receptors in selected CNS regions and at evaluating their functions in mice 
suffering from experimental autoimmune encephalomyelitis (EAE). 
The comparative analysis of presynaptic mGlu2/3 autoreceptors was performed by analyzing the 
effect of selective mGlu2/3 receptor agonist(s) and antagonist(s) on the release of [3H]-D-
aspartate from cortical and spinal cord synaptosomes in superfusion. Experiments were also 
carried out to analyze mGlu2/3 autoreceptor-mediated releasing functions in EAE animals and 
whether in vivo LY379268 administration can restore impaired glutamate release in these mice. 
Western blot analysis and confocal microscopy confirmed the presence of presynaptic mGlu2/3 
receptor proteins. Cortical synaptosomes possess LY541850-sensitive, NAAG-insensitive 
autoreceptors having low affinity for LY379268, while LY541850-insensitive, NAAG-sensitive 
autoreceptors with high affinity for LY379268 exist in spinal cord terminals. In EAE mice, 
mGlu2/3 autoreceptors lost completely their inhibitory activity in cortical, but not in spinal cord 
synaptosomes. In vivo LY379268 (1-0.01 mg kg-1) administration restored glutamate exocytosis 
capability in spinal cord but not in cortical terminals. We propose the existence of mGlu2-
preferring and mGlu3-preferring autoreceptors in mouse cortex and spinal cord, respectively. 
The mGlu3-preferring autoreceptors could represent a target for new pharmacological approach 
for demyelinating diseases. 
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Abstract: The mGlu5 receptor is expressed at different levels of the pain neuraxis and its 
activation contributes to the development of nociceptive sensitization underlying chronic pain 
(reviewed by Montana and Gereau, Curr. Pharm. Biotechnol., 2011). Selective negative 
allosteric modulators (NAMs) of mGlu5 receptors have consistently shown analgesic activity in 
experimental animal models of inflammatory and neuropathic pain. However, the precise 
anatomical site of action of these drugs within the pain neuraxis remains to be determined. One 
way to address this question is to locally inject mGlu5 receptor NAMs in different stations of the 
pain neuraxis. However, the validity of this approach is limited by the diffusion of the drugs to 
neighbour regions, and the difficulty to perform accurate dose-response studies. An alternative 
approach is to systemically inject photoactivable drugs, which are activated by light irradiation 
specifically delivered into discrete brain region. This allows to control drug activity in specific 
localizations and time intervals. Here, we used a caged derivative of the mGlu5 receptor NAM, 
raseglurant (compound, JF-NP-026), which is activated by light at a wavelenght of 405 nm, in 
two mouse models of pain: (i) the formalin model of inflammatory pain; and (ii) the chronic 
constriction injury (CCI) model of neuropathic pain. In both models, JF-NP-026 and raseglurant 
were injectd i.p. at the dose of 10 mg/kg. Light was delivered by means of optic fibers bilaterally 
implanted in the ventrobasal thalamus. Systemic injection of raseglurant was higly effective in 
reducing nocifensive behavior in the first and second phase of the formalin test, regardless of 
light irradiation. In contrast, systemic injection of JF-NP-026 caused analgesia exclusively 
following light irradiation in the thalamus. The analgesic activity of the photoactivable 
compound was more ramarkable in the second phase of the formalin test, which reflects the 
development of central sensitization. Similar data were obtained in mice developing neuropathic 
pain, in which systemic injection of JF-NP-026 caused analgesia only after light irradiation in the 
thalamus at 7 and 14 days after CCI of the sciatic nerve. These findings show for the first time 
that thalamic mGlu5 receptors are targeted by mGlu5 receptor NAMs in the induction of 
analgesia. 
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Abstract: Mechanisms of neuroadaptation of glutamatergic and dopaminergic transmission lie at 
the core of drug addiction. These mechanisms are modulated by mGlu2 and mGlu3 receptors, via 
the regulation of neurotransmitter release and other mechanisms, and pharmacological activation 
of mGlu2/3 receptors is reported to reduce the rewarding effect of commonly abused drugs and 
inhibit the reinstatement of drug seeking behavior. Therefore, mGlu2 and mGlu3 receptor 
ligands are considered as candidate drugs in the treatment of drug addiction. A main role for 
mGlu2 receptors in drug abuse was hypothesized on the basis of data obtained with mGlu2 
receptor knockout mice undergoing cocaine sensitization (Morishima et al., Proc. Natl. Acad. 
Sci. USA, 102:4170-5, 2005). Here, we studied sensitization to motor effects of the 
psychostimulant, methamphetamine (METH), in mice lacking either mGlu2 or mGlu3 receptors 
and their wild-type counterparts. Mice were treated with METH (1 mg/kg) daily for 5 days. 
Motor behavior was assessed for 1 hour after METH or saline injection at day 1 and 5 of 
treatment, as well as after 6 days of withdrawal in response to an additional METH challenge 
(day 11). In wild-type mice, stimulation of locomotor activity by methamphetamine increased 
with time and was significantly higher at day 11. mGlu3 receptor knockout mice showed a 
greater motor response to METH, with sensitization being already significant at day 5. 
Interestingly, mGlu2 receptor knockout mice showed a blunted locomotor response to METH at 
day 1, but then locomotor sensitization was robust at both day 5 and day 11. All mice were killed 
at the end of the behavioral session (day 11) for measurements of METH-induced activation of 
the MAP kinase pathway in the nucleus accumbens (NAc) and other brain regions. 
Unexpectedly, METH was able to enhanced ERK1/2 phosphorylation in the NAc of wild-type 
mice, but not in the NAc of mGlu2 or mGlu3 receptor knockout mice. These findings suggest 
that mGlu2 receptors are required for the acute motor response to METH, and that both receptor 
subtypes contribute to mechanisms of behavioral sensitization. 
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Abstract: Activation of polyphosphoinositide (PI) hydrolysis by the group-I metabotropic 
glutamate (mGlu) receptor agonist 3,5-dihydroxyphenylglycine (DHPG), in rat and mouse 
cortical and hippocampal slices was amplified by the mGlu2/3 receptor agonist (1R,4R,5S,6R)-
4-amino-2-oxabicyclo[3.1.0]hexane-4,6-dicarboxylic acid (LY379268). This potentiation was 
seen at all developmental ages with the exeption of the first 7-8 days of postnatal life in which 
the stimulation of PI hydrolysis by DHPG was too high to be further enhanced by LY379268. At 
this age, however, LY379268 could stimulate PI hydrolysis on its own, albeit to a small extent. 
All effects of LY379268 disappeared in cortical slices prepared from mGlu3 or mGlu5 receptor 
knockout mice, but persisted in slices prepared from mGlu2 receptor knocout mice or from crv4 
mice lacking mGlu1 receptors. Interestingly, DHPG-stimulated PI hydrolysis was halved in 
cortical slices from mGlu3 receptor knockout mice suggesting that endogenous activation of 
mGlu3 receptors is permissive for mGlu5 receptor-stimulated PI hydrolysis. The existence of a 
functional interaction between mGlu3 and mGlu5 receptors was supported by data obtained with 
the selective mGlu3 receptor negative allosteric modulator (NAM), VU0650786. Treatment of 
mouse cortical slices with VU0650786 dose-dependently reduced DHPG-stimulated PI 
hydrolysis in cortical slices from mice at postnatal day (PND) 7/8. In slices prepared from 
PND14/15 mice, compound VU0650786 abrogated the enhancing effect of LY379268 on 
DHPG-stimulated PI hydrolysis. The interaction between LY379268 and DHPG was also 
abolished by the mGlu5 receptor NAM, MPEP, but not by the mGlu1 receptor NAM, 



JNJ16259685. An interaction between mGlu3 and mGlu5 receptors was also demonstrated in 
HEK-293 cells where it appeared to be mediated by the βγ subunits of Gi/o proteins. 
Experiments are ongoing to determine in which cell type (neurons, astrocytes, oligodendrocytes, 
microglia) the interaction between native mGlu3 and mGlu5 receptors takes place, and what is 
the functional relevance of this interaction during development and in the adult life. 
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Abstract: Glaucoma is chronic neurodegenerative disorders characterized by progressive 
degeneration of retinal ganglion neurons, in which age and increased intraocular pressure (IOP) 
are major risk factors. Drugs that lower IOP are standard in the glaucoma treatment and there are 
no neuroprotective drugs that shows clinical efficacy. Thus, the identification of a new 
therapeutic target in the treatment of glaucoma is an important medical need. We found recently 
that stimulation of polyphosphoinositide (PI) hydrolysis by excitatory aminoacid in the retina is 
exclusively mediated by metabotropic glutamate mGlu1 receptors (Romano et al., Neurochem. 
Res., 2016). These receptors are involved in neurodegeneration/neuroprotection mechanisms 
because their activation stimulates Ca2+ release from intracellular stores. Depending of the 
extend and the dynamic of Ca2+ release as well as on the cellular contest receptor activation by 
either enhance or attenuate neurodegeneration. We are examining the role of mGlu1 receptors in 
retinal neurodegeneration by using selective mGlu1 receptor ligands and mutant mice lacking 
mGlu1 receptors (crv4 mice). We are using two models to investigate retinal degeneration: (i) 
systemic injection of monosodium glutamate in neonatal mice; and, (ii) DBA/2J mice which 
develop an increase of IOP after five months of age. Mice are systemically treated with either the 
selective mGlu1 receptors NAM, JNJ16259685 or the selective mGlu1 receptors PAM, Ro 07-
11401. In DBA/2J mice and their controls, treatment was performed by subcutaneously 



implanted osmotic minipump during either the pre-symptomatic phase (from five to seven 
months of age) and symptomatic phase (from seven to nine months of age). Current data 
obtained with DBA/2J mice treated with JNJ16259685 for two months started in pre-
symptomatic phase suggest that mGlu1 receptors might represent a potential therapeutic target in 
the drug treatment of glaucoma and other disorders characterized by retinal degeneration. 
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Abstract: Glutamate is a major excitatory neurotransmitter in the central nervous system (CNS). 
Glutamate receptors which bind to glutamate are categorized into two groups: ionotropic 
glutamate receptors (ion channels) and metabotropic glutamate receptors (GPCRs). Group I 
metabotropic glutamate receptors (mGluRs) consists of two members viz., mGluR1 and 
mGluR5. They are predominantly localized at the post-synaptic side are key players in the 
process of neuronal development as well as in synaptic plasticity in the CNS. These receptors are 
positively coupled to Gq pathway. Accurate temporal and spatial localization of these receptors 
at postsynaptic surface is crucial for normal signaling, and their spatiotemporal localization is 
maintained by trafficking of the receptor. Trafficking also play crucial role(s) in the regulation of 
these receptors. Thus, studies of the trafficking of these receptors are of utmost importance. 
Furthermore, these receptors upon activation result in the endocytosis of AMPA receptors, 
leading to mGluR-dependent Long-term depression (mGluR-LTD). We are interested in 
investigating the cellular and molecular mechanisms that govern the group I mGluR trafficking 
and it effect on mGluR-mediated AMPAR endocytosis. Our data suggest that ubiquitination 
plays critical role in the trafficking of these receptors. We have found that these receptors get 
ubiquitinated upon binding with the ligand and subsequently get endocytosed. We further 



demonstrated that lysine residue present at the C-terminus of mGluR1 plays critical role in the 
endocytosis of mGluR1. In addition, E3 ligase, Siah-1A was found to be involved the 
ubiquitination of mGluR1. Acute knockdown of Siah-1A also enhanced group1 mGluR mediated 
AMPAR endocytosis in primary neurons. 
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Abstract: Environmental stressors contribute to the reinforcing effects of drugs of abuse. Stress 
triggers the release of corticotropin-releasing factor (CRF) in the brain, which potentiates 
glutamatergic signaling at dopamine (DA) neurons in ventral tegmental area (VTA) via 
ionotropic receptors. However, glutamate also recruits inhibition in VTA neurons via activation 
of postsynaptic metabotropic glutamate receptors (mGluRs). Activation of mGluRs mobilizes 
intracellular calcium stores to activate inhibitory small-conductance calcium-activated potassium 
(sK) channels. This mGluR/sK inhibition impacts DA neuron firing patterns and presumably 
affects the processing of salient information in VTA-projection areas, such as the nucleus 
accumbens (NAc). Here we investigate how stress-associated CRF impacts mGluR/sK inhibition 
in dopamine neurons. Because the NAc core and shell subregions likely regulate value coding 
and prediction monitoring differently, we distinguished between core projecting (VTA◊Core) 
and shell projecting (VTA◊Shell) VTA neurons with the use of fluorescent microspheres. Three 
weeks after fluorescent microsphere injection, rats (male, P70) were exposed to filter paper 
wetted with either alcohol vehicle (control) or TMT (1%). Brain slices were made either 2hrs or 



24 hrs later. Inhibitory sK channel currents were measured using whole-cell patch clamp 
electrophysiology, in response to synaptic stimulation or flash photolysis to uncage intracellular 
calcium (NP-EGTA). CRF (200 nM) or forskolin (1 uM), an activator of adenylyl cyclase, was 
applied by superfusion to stimulate stress hormone related signaling. In control animals, sK 
currents were stronger (larger amplitude and slower decay kinetics) in VTA Core than VTA shell 
projecting DA neurons. A single TMT(24hr) exposure reduced the maximal (basal) sK current in 
VTA Core cells and appeared to inactive/desensitize the CRF or forskolin facilitation of sK 
currents as observed under control or TMT(2hr) conditions. In contrast, in the VTA shell cells 
possessing comparatively weak (basal) glutamate inhibition, TMT (24hr) treatment potentiated 
(basal) IPSCs and simultaneously occluded the CRF or forskolin facilitation. Both populations of 
cells displayed sK-dependent inhibitory spontaneous miniature outward currents (SMOCs) 
following TMT(24hrs) treatment, further corroborating an action of stress on glutamate 
inhibition. Thus, TMT stress alters glutamate inhibition in the VTA, inducing a loss of function 
in VTA Core circuitry and a gain of function in VTA shell circuitry. Such changes are predicted 
to modulate DA release during reward-predictive cues. 
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Abstract: Activation of metabotropic GABA type-B receptors (GABABRs) mediates slow, 
sustained neural inhibition and critically limits the damage caused by excess excitation, such as 
occurs during seizure or stroke. GABABRs comprise heterodimers of R1 (GABA-binding) and 
R2 (Gi/o-binding) subunits. They act presynaptically to block neurotransmitter release via 
inhibition of voltage-gated Ca2+ channels and postsynaptically to hyperpolarize neuronal 
membrane potential via activation of inwardly rectifying K+ (GIRK) channels. Our lab has 
previously identified a bi-phasic regulation of GABABRs by activation of NMDA-type glutamate 
receptors (NMDARs) and increases in intracellular Ca2+. Initially, 5’AMP-dependent protein 
kinase (AMPK)-mediated phosphorylation of Ser-783 of the R2 subunit increases, in turn 
stabilizing GABABRs at the plasma membrane, but during prolonged or excitotoxic stimulation, 
protein phosphatase 2A (PP2A)-dependent dephosphorylation of Ser-783 becomes predominant 
and GABABRs are endocytosed and degraded. This NMDAR-mediated impairment of GABABR 
signaling may exacerbate excitotoxic neuronal death, and has also been observed in response to 
chronic stress and psychostimulant administration. Therefore, preventing R2 Ser-783 
dephosphorylation may represent a promising therapeutic intervention for multiple neurological 
and psychiatric disorders. Our preliminary data indicate that this regulation of R2 is engaged in 
hippocampal slices in response to NMDA stimulation, oxygen-glucose deprivation (OGD) – an 
ischemic stroke model – and exposure to Mg2+-free conditions – a seizure model, as well as in 
vivo in the hippocampi of mice subjected to kainate-induced seizures. Ongoing experiments 
investigate whether these effects are altered in knock-in mice bearing either constitutively de-
phosphorylated (Ser to Ala; S783A) or putatively phospho-mimetic (Ser to Asp; S783D) 
mutations of R2 Ser-783. Additional experiments combining affinity purification and mass 
spectrometry approaches seek to identify the motif in the R1 GABABR subunit to which PP2A 
binds and the PP2A isoforms that participate in this interaction. Disruption of R1 binding to 
PP2A is predicted to ameliorate the dephosphorylation of R2 Ser-783 observed in various 
models of neuropathology, which may guide the development of novel therapeutics. 
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Abstract: The metabotropic GABAB receptor (GABABR) plays important roles in regulating 
neuronal excitability in the brain. GABABR is well known to exert both pre- and postsynaptic 
inhibition through inhibiting voltage-gated Ca2+ channel and activating K+ (GIRK) channel, 
respectively. Beside these effects, here we found that GABABR activation caused an increase in 
phosphorylated extracellular signal- regulated kinase (pERK) level in locus coeruleus (LC), 
which consists of noradrenergic neurons and plays divers roles in behavior. Using western-blot 
analysis, LC tissue punched out form brain slices bathed in 50 µM baclofen showed an increase 
in pERK1 and pERK2 by, respectively, 23±7% and 35±13% (P<0.05 for both cases, N=6), 
compared to tissue from slices bathed in normal medium. This effect was specific to GABABR 
activation as it was not observed in LC tissue from slices bathed with baclofen and 10 µM 
CGP54626, a GABABR blocker. The activated ERK seems paly a role in stabilizing GABABR 
signaling. Bath application of baclofen for 15 min induced a CGP54626 sensitive outward 
current (IBac) in LC neuron (Vm -70 mV) that underwent slow and partial desensitization. In 
slices pretreated with or bathed in ERK blockers, U0126 or FR180204, IBac showed a faster and 
more prominent desensitization; the half-decay time of IBac reduced to 51 ± 8% of control for 
U0126 treatment (p<0.01, N=7) and to 57 ± 7% for FR180204 (p<0.05, N=7). Since GABABR 
has been shown to mediate a tonic inhibition, defined as rebound increase in firing rate (FR) 
upon GABABR blocker application, of LC neurons, we tested the effect of ERK-dependent 
desensitization of IBac on it. In slice pretreated with baclofen for 30 min, FR of LC neurons 
increased to 239 ± 54% of baseline upon CG54626 application (N=8); it while reduced to 134 ± 
10% as for pretreatment with baclofen plus U0126 and to 120 ± 5% as for pretreatment with 
baclofen plus FR18024 (N=8). Together, the above results show that GABABR activation 
recruits ERK-signaling pathway for an autoregulation that prevents GABABR from quick 
desensitization, therefore maintains tonic inhibition, an important mechanism for tuning FR of 
LC neurons. 
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Abstract: Nogo-A is a membrane protein well established as an inhibitor of neurite outgrowth in 
the CNS that regulates the formation of neuronal circuits during development, but curtails axonal 
regeneration after CNS injury. Recent evidence from human genetic analyses and experiments in 
animals implicates Nogo-A dysfunction in certain forms of schizophrenia. Using 
electrophysiology, microscopy and behavioral tasks in transgenic mice, we characterized the 
roles of Nogo-A in the hippocampus. Patch clamp recordings from CA3 hippocampal pyramidal 
cells revealed that the absence of Nogo-A caused a significant increase in spontaneous excitatory 
activity. In addition, mGlu3 metabotropic glutamate receptors, which can exhibit mutations in 
schizophrenia, were down-regulated specifically in the CA3 region of Nogo-A-/- mice. This 
reduction in mGlu3 receptors was accompanied by abnormal CA3 theta oscillations manifesting 
as a decrease in incidence and frequency, as well as a shift in polarity from inhibitory to 
predominantly excitatory. These disruptions to CA3 function altered processing of reference 
frames during spatial navigation in that Nogo-A-/- mice exhibited a greater dependence on global 
as opposed to local reference frames. These results show that the absence of Nogo-A disrupts 
hippocampal activity by increasing CA3 excitation and reducing the expression of mGlu3 
receptors. Previous data suggested that alterations in either protein can contribute to psychosis. 
While there is a long list of candidate genes for psychiatric diseases, which typically display 
multifactorial etiologies, in most cases potential interactions have not been determined. The 
characterization of a functional link between Nogo-A and mGlu3 receptors, may thus provide 
novel insights into the underlying pathophysiology of schizophrenia. 



Disclosures:  S. Berry: None. O. Weinmann: None. A. Fritz: None. D. Wolfer: None. M.E. 
Schwab: None. U. Gerber: None. J. Ster: None. 

Poster 

587. Metabotropic Glutamate Receptors and GABAB Receptors 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 587.13/E38 

Topic: B.03. G-Protein Coupled Receptors 

Support: NIH Grant R01 MH062646 

 NIH Grant T32 MH093366 

 PhRMA Foundation Postdoctoral Fellowship in Pharmacology/Toxicology 

Title: Molecular pharmacology of mGlu2 allosteric modulators. 

Authors: *D. E. O'BRIEN1, A. J. CROSS3, S. WESOLOWSKI3, J. BERGARE4, C. S. 
ELMORE4, H. P. CHO2, P. J. CONN2;  
1Pharmacol., 2Vanderbilt Univ., Nashville, TN; 3AstraZeneca Neurosci. Innovative Medicines, 
Cambridge, MA; 4AstraZeneca Drug Safety & Metabolism, Molndal, Sweden 

Abstract: Metabotropic glutamate receptor 2 (mGlu2) offers a promising neurotherapeutic target 
for the treatment of various brain disorders. Previous work demonstrates that mGlu2 positive 
allosteric modulators (PAMs) exhibit efficacy in preclinical models of schizophrenia, pain, 
addiction, epilepsy, and anxiety disorders. Likewise, dual mGlu2/3 negative allosteric modulators 
(NAMs) display cognitive enhancing properties and efficacy in preclinical models of depression. 
Recently, medicinal chemistry efforts directed at specifically targeting mGlu2 have successfully 
developed several chemically distinct mGlu2 PAMs and NAMs. In order to better understand the 
pharmacology and binding modes of these novel mGlu2 allosteric modulators, we characterized 
their in vitro binding to recombinant rat mGlu2 (RmGlu2) using competition binding experiments 
with an mGlu2 PAM radioligand. Additionally, we characterized their functional properties using 
in vitro assays in wildtype and mutant RmGlu2 that, along with the competition binding 
experiments, aimed to understand if these novel allosteric modulators act through a common 
binding site or distinct sites on mGlu2. Finally, we performed further experiments to better 
understand how mGlu2 agonists modulate the affinity of various mGlu2 allosteric modulators. 
Taken together, these studies will improve our understanding of both the pharmacology and 
binding modes of mGlu2 allosteric modulators. 
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Title: Post-translational modifications regulate mGluR7 trafficking and signaling 
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Abstract: The metabotropic glutamate receptors (mGluRs) are seven membrane-spanning 
proteins that are linked via G-proteins to intracellular signaling cascades. Among eight family 
members of mGluRs, mGluR7 is a predominant group III mGluR that is highly expressed at the 
presynaptic active zone and acts as an auto-regulatory receptor to limit neurotransmitter release. 
Like many GPCRs, mGluR7 undergoes constitutive and agonist-dependent endocytosis. Besides 
phosphorylation, GPCR endocytosis can be tightly regulated by post-translational modifications 
of lysine residues such as SUMOylation and ubiquitination. Previously we showed that SUMO 
modification at Lys889 residue of mGluR7 modulates constitutive and agonist-dependent 
mGluR7 trafficking. As mGluR7 harbors eight lysine residues in the cytoplasmic domain and 



additional four lysine residues in the intracellular loops, we now have mapped the sites of 
ubiquitination that may affect mGluR7 trafficking and turnover. Given the importance of the 
ubiquitin-proteasome system in neurodegenerative and neuropsychiatric disorders, mechanisms 
underlying mGluR7 ubiquitination will provide insights into the functional role of mGluR7 in 
neurological diseases as well as in learning and memory. 
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Abstract: Midbrain dopamine neurons play physiological roles in many processes including 
reward learning and motivated behavior. Conversely, dysfunction of these neurons is implicated 
in disorders such as schizophrenia and drug abuse. Midbrain dopamine neurons are tonically 
inhibited by γ-Aminobutyric acid (GABA)ergic inputs from multiple brain regions. Neurotensin 
(NT) is a neuropeptide which modulates midbrain dopamine neuron excitability through multiple 
mechanisms, including a decrease of GABA mediated inhibition of dopamine neurons. However, 
it is not known if NT acts post-synaptically on GABA type-B receptor signaling, pre-synaptically 
at GABA terminals to alter GABA release, or through a combination of synaptic mechanisms. 
Here we utilize whole cell patch-clamp electrophysiology of dopamine neurons in brain slices to 
show that neurotensin acts both pre- and postsynaptically to decreases GABA type-B receptor-
mediated currents in the substantia nigra in mice. Bath perfusion of neurotensin produced a 
sustained depression of GABA type-B receptor-mediated currents that was more pronounced 
when GABA was released endogenously (due to electrical stimulation) compared to when 
GABA was directly applied to the cell (via iontophoresis). GABA type-B receptor mediated 
currents exhibited paired pulse depression when currents were elicited with electrical 
stimulation, but not GABA iontophoresis. Bath application of neurotensin increased the paired 



pulse ratio with electrical stimulation but had no effect on paired pulse currents elicited by 
GABA iontophoresis, providing further evidence neurotensin modulates GABA release. As NT 
is an endogenous peptide present at high levels in the midbrain, determining the mechanism of 
action by which NT alters midbrain dopamine neuron excitability is a crucial step in 
understanding the importance of NT in dopamine mediated behavior and related disorders. 
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Abstract: The rationale for M1-selective muscarinic acetylcholine receptor (mAChR) activators 
for the treatment of cognitive impairment associated with psychiatric and neurodegenerative 
disease is well established in the literature. M1 activation by a positive allosteric modulator 
(PAM) is a new approach for achieving subtype selectivity. Here, we present a correlation 
between mouse amphetamine stimulated locomotor activity of 5 CNS penetrant M1-subtype 
selective PAM-agonists with in-vivo increases in mouse striatal inositol phosphate (IP1) levels. 
IP1 accumulation in the striatum was measured from microwaved brain tissue 2 hours after 
dosing mice with an M1 mAChR PAM and LiCl and quantified as a multiple over baseline 
effects. The IP1 accumulation assay is shown to be a robust biochemical measure of M1 

activation that correlates well with in-vivo pharmacodynamic activity from the amphetamine 
stimulated locomotor activity assay. Pharmacokinetic-pharmacodynamic modeling of the IP1 
response was used to examine the relationship between exposure and in-vivo IP1 accumulation, 
permitting rank ordering of compounds by their ability to potentiate M1 in-vivo under an 
endogenous level of acetylcholine. 
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Abstract: Emerging evidence implicates altered glutamatergic neurotransmission in various 
CNS disorders, with the metabotropic glutamate receptor subtype 5 (mGlu5) representing a 
particularly promising new therapeutic target. Design of small molecule mGlu5 allosteric ligands 
offers the advantage of spatial and temporal fine-tuning of endogenous agonist activity, allowing 
for increased selectivity, reduced adverse effects and improved clinical outcomes. Positive 
allosteric modulators (PAMs) enhance, whereas negative allosteric modulators (NAMs) inhibit, 
mGlu5 activity. Recently, we have shown that mGlu5 allosteric ligands classified as ‘PAMs’ or 
‘PAM-agonists’ for intracellular Ca2+ (iCa2+) mobilization display biased agonism, relative to the 
orthosteric agonist, DHPG, when comparing iCa2+ mobilization with mGlu5-mediated ERK1/2 
phosphorylation and IP1 accumulation in both recombinant cells and mouse cortical neurons. 
Further, VU0360172 exhibited different degrees of cooperativity with DHPG in a signalling 
pathway-dependent manner. To gain a better understanding of the full scope of mGlu5 allosteric 
ligand actions, therefore, it is apparent that such rigorous pharmacological profiling also needs to 
be extended to mGlu5 ligands currently classified as ‘NAMs’. Here, we describe the signalling 
profile of diverse mGlu5 allosteric NAMs, at iCa2+, IP1 and pERK1/2 receptor signalling 
endpoints. All NAMs were inverse agonists for IP1 accumulation in HEK293A expressing 
mGlu5, however inverse agonism was not apparent in cortical neurons, indicating context-
dependent activity. The rigorous profiling of mGlu5 allosteric ligands was further extended to 
native peripheral cell types. Previous studies suggest that mGlu5 can modulate pain responses, as 
evidenced by glutamate enhancement of capsaicin activity and sensitised pain responses both in 
vivo and in vitro (1,2). Thus, we assessed the modulatory activity of select mGlu5 allosteric 



ligands on the transient receptor potential cation channel, TRPV1, in rat dorsal root ganglia. In 
summary, our work aims to provide a greater appreciation of the pharmacology of mGlu5 
allosteric ligands in both recombinant and native cell systems – laying the groundwork for 
rational design and discovery of drugs with greater clinical efficacy and reduced adverse effects. 
(1) Masuoka T et al (2015). Br J Pharmacol 172(4): 1020-1033. 
(2) Walker K et al (2001). Neuropharmacology 40(1): 10-19. 
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Title: A new positive allosteric modulator specific of subtype 2 metabotropic glutamate 
receptors (mglur2) modulates native receptor activity in the rat hippocampus 
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Abstract: Metabotropic glutamate receptors (mGluRs) are G protein coupled receptors 
abundantly found in the central nervous system. Expressed at both pre- and postsynaptically, 
these receptors can strongly influence synaptic transmission. As such, mGluRs are a potential 



target for therapeutic treatment of diverse neurological disorders. mGluRs are dimeric receptors 
with a large extracellular glutamate binding domain (the venus flytrap domain) whose structure 
is highly conserved among the 8 subtypes of mGluRs. As such, developing molecules that are 
specific to one particular subtype of mGluR is challenging issue. An innovative pharmacological 
tool with which to study these receptors resides in single-chain antibodies (nanobodies) raised in 
camelidae that are directed to specific conformations of a specific subtype of mGluR. We 
studied the effect of a high affinity nanobody, developed as a Positive Allosteric Modulator 
(PAM) of mGluR2, on the activity of this receptor in an ex vivo model system, the hippocampal 
slice preparation. 
In the hippocampus mGluR2 are found on Mossy Fiber (MF) terminals where their activation 
reduces glutamate release at the MF-CA3 pyramidal cell synapse by negatively regulating 
calcium entry and exocytosis. Using photometric calcium imaging techniques and 
pharmacological tools, we first verified the presence of mGluR2 on MF terminals. MF were 
stimulated every 30 seconds, with a single 100-Hz train of 5 electrical stimuli, through a saline-
filled glass electrode positioned in the mossy fiber tract. Stimulation evoked presynaptic calcium 
transients were reversibly depressed by bath application of the group II mGluR orthosteric ligand 
DCG IV (100 nM). Subsequent application of high affinity nanobodies specifically directed 
against mGluR2 induced a positive modulation of the orthosteric ligand affinity. Both the overall 
amplitude and the time course of DCG IV effects were significantly accentuated in the presence 
of micromolar concentrations of the nanobody. Furthermore, this enhancement was stronger than 
that observed with a well-known mGluR2 positive allosteric modulator (PAM), LY487379 
(50microM). 
Our results suggest that site directed nanobodies function as efficient PAMs for mGluRs. This 
new pharmacological tool is extremely attractive for studying the molecular basis of 
metabotropic glutamate receptor activity, and should allow us to further dissect the physiological 
role of different subtypes of mGluRs in the brain. 
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Title: Metabotropic glutamate receptor 2 modulates thalamostriatal neurotransmission. 

Authors: *K. A. JOHNSON1, D. M. LOVINGER2;  
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Abstract: The striatum plays important roles in motor control and action learning. The activity 
of striatal projection neurons is controlled by inputs from several brain regions, and the strength 
of these inputs can be modulated by presynaptic G protein-coupled receptors (GPCRs). Most 
previous efforts to evaluate GPCR-mediated modulation of glutamatergic transmission in the 
striatum have attributed changes in electrically-evoked transmission to modulation of 
corticostriatal circuits. However, the contributions of excitatory inputs originating in the 
thalamus, which represent almost half of excitatory inputs to medium spiny neurons (MSNs), are 
frequently overlooked. Activation of group II metabotropic glutamate receptors (mGlu2 and 
mGlu3) is known to produce a strong inhibition of electrically-evoked glutamatergic transmission 
onto striatal medium spiny neurons (MSNs). To evaluate the input specificity of the mGlu2/3-
mediated modulation of striatal glutamatergic transmission, we used a viral strategy to express 
Channelrhodopsin-2 (ChR2) in thalamostriatal projection neurons of C57Bl/6J mice. 3-6 weeks 
after virus injection, coronal slices containing the striatum were prepared, and optically-evoked 
thalamostriatal excitatory postsynaptic currents (oEPSCs) were recorded from MSNs in the 
dorsolateral striatum. Bath application of the group II mGlu receptor agonist LY379268 (100 
nM, 5 min) produced a robust reduction of oEPSC amplitude (peak depression 27.4±6.0% of 
baseline). Inhibition of oEPSCs by LY379268 was long lasting, persisting for at least 45 minutes 
after the onset of drug application (oEPSC amplitude 44.5±5.0% of baseline 40-45 minutes after 
LY379268 application). Interestingly, inhibition of optically-evoked corticostriatal oEPSCs by 
LY379268 was less robust. To identify which receptor subtype(s) contribute to the inhibition of 
thalamostriatal transmission, we evaluated the effect of the mGlu2 agonist/mGlu3 antagonist 
LY395756 (10 µM, 5 min). LY395756 produced a strong, reversible inhibition of oEPSC 
amplitude (peak depression 22.3±2.5% of baseline), suggesting a major role for mGlu2 in the 
modulation of thalamostriatal transmission. Conversely, a negative allosteric modulator of mGlu3 
failed to block the effect of LY372968. These findings add to our limited knowledge of the 
mechanisms regulating the thalamostriatal system and demonstrate the utility of optogenetics for 
the study of input-specific modulation of neurotransmission. 
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Abstract: Mutation or duplication of the Methyl CpG Binding Protein 2 (MECP2) gene results 
in the disorders Rett syndrome (RS) and MECP2 Duplication syndrome (MDS), respectively. 
Based on their reciprocal molecular origins, RS and MDS might be viewed as opposing diseases 
with distinct phenotypes; however, the striking overlap of some symptoms (e.g., respiratory 
phenotypes, autism, cognitive impairments, seizures) suggests that certain disease-relevant 
pathways may be similarly disrupted between the two disorders, pointing to a potentially 
paradoxical, yet shared, therapeutic strategy. We have found that the gene encoding one of the 
metabotropic glutamate receptors (mGlus), GRM7, is a transcriptional target of MeCP2. GRM7 
codes for the presynaptically-expressed mGlu7 receptor, a regulator of both GABA and 
glutamate release. We have observed dramatic reductions in mGlu7 expression in Mecp2-
deficient mice, a model of RS, as well as an approximately 50-70% reduction in mGlu7 protein 
levels in cortical and cerebellar samples from RS patients. Reduced mGlu7 expression correlates 
with attenuated hippocampal long term potentiation (LTP) at the Schaffer Collateral-CA1 (SC-
CA1) synapse in Mecp2-deficient mice, and potentiation of mGlu7 using positive allosteric 
modulators (PAMs) can normalize LTP and rescue learning and memory deficits. These findings 
led us to the hypothesis that increased MeCP2 expression in the MeCP2-Tg1 model of MDS 
might result in increased mGlu7 levels and function, suggesting that an mGlu7 negative allosteric 
modulator (NAM) could be effective in reversing abnormalities. However, contrary to our 
hypothesis, we have now generated data indicating that disease progression does not occur on a 



linear path in MDS model mice, but rather evolves as the disease progresses. While hippocampal 
mGlu7 protein levels are similar to controls in 6-week-old mice, by 20 weeks of age, levels in 
MeCP2-Tg1 animals are reduced by approximately 50%. Consistent with this finding, an mGlu7 
PAM normalizes learning and memory responses in 20-week-old MeCP2-Tg1 mice. 
Remarkably, this is the same treatment strategy we utilized in Mecp2-deficient mice. These 
findings suggest that the biology underlying RS and MDS may merge over time, pointing to a 
potential common etiology. It will now be critical to understand the regulation of mGlu7 levels 
and function longitudinally across these disease states to understand temporal and spatial 
changes that might occur during disease course to explore the therapeutic potential of mGlu7 
modulation in these two disorders. 
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Abstract: Mammalian neurons display a wide variety of action potential shapes and firing 
patterns, reflecting differences in the expression levels of different types of ion channels. We 
explored how differences in expression of voltage-dependent potassium channels in different 
types of primary sensory neurons are correlated with differences in firing patterns, focusing on 
Kv1 family channels. Using mouse genetic models in which defined types of mouse dorsal root 
ganglion neurons are identified by fluorescent labels, we made electrophysiological recordings 
from acutely-isolated cell bodies of defined neuronal types. The mRNA expression levels of 



channels were also determined in each cell type using FACs purified neurons with next 
generation deep sequencing. In three different cell types corresponding to mechanoreceptive 
Abeta fibers, there was high expression of mRNA for Kv1.1 and Kv1.2 channel subunits, with 
little expression of other Kv1 family subunits. In these neurons, action potential clamp 
experiments showed that a major component of current during the action potential was carried by 
dendrotoxin-sensitive Kv1 potassium channels. The dendrotoxin-sensitive Kv1 current activated 
before the threshold of the action potential and peaked during the action potential falling phase. 
With maintained current injections of increasing size, most Abeta cell bodies fired only one or 
two action potentials under control conditions but could fire repetitively after Kv1 channels were 
blocked by dendrotoxin. In contrast to the Abeta fiber cell bodies, small-diameter neurons 
corresponding to non-peptidergic nociceptors expressed much lower levels of mRNA for Kv1.1 
and Kv1.2 channels, and in these neurons there was only a small contribution of dendrotoxin-
sensitive current to the repolarization of the action potential and dendrotoxin had little effect on 
the firing pattern, which was characterized by repetitive spiking at low and moderate 
frequencies. Thus, Kv1 channel expression determined by mRNA levels is much higher in DRG 
neurons corresponding to Abeta fibers than those corresponding to non-peptidergic nociceptors 
and mRNA levels are well-correlated with different functional contributions of Kv1 current to 
the firing properties of the neurons. 
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Abstract: Regulation of K+ currents is one of the most prominent mechanisms neurons utilize to 
alter their excitability in an activity-dependent manner. Many studies have shown activity-
dependent changes in ionic currents in STG neurons (Golowasch et al 1999; Turrigiano et al 



1995; Haedo & Golowasch 2006). In inferior cardiac (IC) neurons, for example, depolarizing 
current injections elicited a decrease in the high threshold K+ current, IHTK, and an increase in the 
transient K+ current, IA. We tested the hypothesis that different cell types within a single motor 
network regulate ionic current levels in response to patterned activity differently given their 
distinct intrinsic properties. We measured both IHTK and IA in pyloric dilator (PD), lateral pyloric 
(LP), and IC neurons before and after imposing up to two hours of patterned activity using two 
electrode voltage clamp. We drove the membrane potential of the neurons with three different 
activity profiles: (1) depolarizing stimuli with square pulses from -60mv to -10mv at a frequency 
of 1Hz, a patterned voltage fluctuation comparable to their endogenous activity (2) 
hyperpolarizing stimuli to range from -60mV to -110mV also at 1Hz (3) clamping to -60mV 
with no change over time. We measured currents every 30 minutes to test for changes in current 
amplitude assuming post-translational mechanisms are occurring. PD neurons exist as pairs 
within each ganglion and comprise the pacemaker kernel, giving this neuron a role in setting 
network frequency. Only when neurons were depolarized, IHTK showed a decrease in current 
amplitude compared to neurons that were held at -60mV while currents in hyperpolarized 
neurons did not change amplitude compared to those clamped at -60mV. In contrast to what was 
previously reported in IC neurons, IA does not change in response to any of the stimulations we 
imposed. When LP neurons were depolarized we found that IHTK also decreased while IA 
maintained stable levels whether the neurons were depolarized or maintained at -60mV. This 
suggests, contrary to our predictions, that K+ current levels change in response to the same 
activity pattern. Furthermore, only depolarizing stimulations elicited changes in IHTK while 
hyperpolarizing and holding at -60mV elicited no change, while IA was not sensitive to 
stimulation. Although each of these neuron types receives different synaptic input and project to 
distinct target muscles, the K+ currents of all these cells respond similarly to activity patterns, 
indicating that there is uniformity in the regulation of intrinsic properties across this motor 
network. Finally, our data confirm that ionic currents in these neurons may be tuned to specific 
activity patterns. 

Disclosures:  D. Salloum: None. J. Golowasch: None. 

Poster 

588. Potassium Channels II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 588.03/F10 

Topic: B.04. Ion Channels 

Support: Telethon Grant GGP11188A 



Title: Novel point mutation in the KCNJ10 gene of a severely-disabled patient leads to impaired 
function of the inwardly-rectifying K+ channel Kir4.1 and Kir4.1/Kir5.1 
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Abstract: A 2 year old boy from non-consanguineous parents presents with tonic-clonic 
seizures, ataxia, hypotonia, hypothyroidism, profound developmental delay, gut hypomotility, 
and failure to thrive. EEG recordings were typical of hypsarrhythmia. All family members were 
clinically unaffected. Genetic screening revealed a novel heterozygous missense variant in the 
gene KCNJ10 that encodes for the Kir4.1 channel known to be essential for glial function, 
control of neuronal excitability, and systemic K + homeostasis. The mutation c.652C>T resulted 
in a leucine to phenylalanine substitution at site 218, a highly conserved residue site located at 
the c-terminal domain of the channel. To examine the functional consequence of the mutation on 
Kir4.1, mutant and wild-type KCNJ10 constructs were cloned and heterologously expressed in 
Xenopus laevis oocytes. Whole-cell K + currents were measured using the two-electrode 
voltage-clamp technique. Wild-type KCNJ10 expression resulted in robust and typical inward 
rectifier currents. In contrast, currents from oocytes expressing the mutation were significantly 
reduced. Kir5.1 subunits display highly selective heteromultimerization with Kir4.1 subunits 
constituting channels with unique current kinetics. The effect of the mutation on the current from 
the heteromeric Kir4.1/5.1 channel was examined and was also found to be significantly reduced. 
In this study, we present a heterozygous KCNJ10 mutation that results in the reduction of 
inwardly rectifying currents from homomeric Kir4.1 and heteromeric kir4.1/5.1 channels. This 
loss-of-function mutation was found in a patient with a novel severely-disabling phenotype 
involving dysfunction of multiple organs.  
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Abstract: Increased burst firing in the subthalamic nucleus (STN) has been shown to correlate 
with symptoms of Parkinson’s disease (PD). In STN neurons, intrinsic membrane properties 
enable burst firing whereas synaptic inputs control the timing of burst discharges. From recent 
experimental studies, it is documented that ATP-sensitive K+ (K-ATP) current plays as a 
modulating factor in triggering burst firing. The major key for physiological modeling is a better 
understanding of the main physiological processes involved. The aim is to establish a 
mathematical platform of sufficient biophysical detail to quantitatively simulate K-ATP channel 
in STN neuron model and to investigate contribution of this active conductance in 
pathophysiological condition of these neuron with respective to PD. The magnitudes and kinetics 
of this ionic current are described by differential equations, in terms of maximal conductances, 
electro chemical gradients and ATP dependent activation gating variables. In our model, K-ATP 
current has reduced the duration of plateau potentials (from 700 ms to 185ms), resting membrane 
potential (by 10mV) and suppressed NMDA-induced burst firing. Because burst firing in STN 
neurons is associated with symptoms of Parkinson’s disease suppression of bursting may be a 
potential strategy for improving symptoms of this disease. In summary, this mathematical model 
provides an elemental tool to investigate the physiological K-ATP channel ionic mechanisms 
underlying the bursting in STN neuron, which in turn can suggest application of K-ATP channel 
blocker as a possible treatment for Parkinson disease. 
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Title: Modulators of Kv3 channels regulate firing rate and temporal accuracy of auditory 
brainstem neurons in a mouse model of Fragile X syndrome 

Authors: *L. EL-HASSAR1, L. SONG2, G. ALVARO3, C. H. LARGE3, L. K. 
KACZMAREK1;  
1Pharmacol. department SHMB 309, Yale Univ. Sch. of Med., New Haven, CT; 2Dept. of 
Surgery, Yale Sch. of Med., New Haven, CT; 3Autifony Therapeut. Limited, Imperial Col. 
Incubator, London, United Kingdom 

Abstract: Fragile X syndrome (FXS) is the most common form of inherited intellectual 
disability.  In common with autism, FXS is characterized by hypersensitivity to many types of 
sensory stimuli, including environmental sounds. Our previous work has shown that mice 
lacking the gene for FMRP (Fmr1-/y or Fragile X mice) have abnormally elevated levels of Kv3.1 
potassium currents (“high threshold” K+ currents) and significantly decreased levels of Na+-
activated K+ currents in auditory brainstem neurons in the medial nucleus of the trapezoid body 
(MNTB). Both of these changes in K+ currents are predicted to increase the firing rate of the 
postsynaptic neurons and to substantially degrade the accuracy of timing of action potentials. 
Consistent with this, we have found that the firing pattern of MNTB neurons in response to 
stimulation is severely abnormal in Fragile X mice. The threshold for action potential generation 
is significantly reduced in Fragile X mice over that in wild type mice. Moreover, in contrast to 
MNTB neurons from wild type animals, sustained depolarization triggers repetitive firing rather 
a single action potential at on onset of a stimulus pulse. We have also found that wave IV of the 
Auditory Brainstem Response (ABR) recorded in vivo is significantly enhanced in Fragile X 
mice, suggesting that loss of FMRP alters central processing of auditory signals. Based on these 
results we are now testing, in Fragile X mice, the physiological effects of potential therapeutic 
compounds, AUT2, which modulate the activity of Kv3 family channels in cell lines. We found 
that, in Fragile X mice, AUT2 improved the accuracy of timing of action potentials in response 
to repetitive stimulation, presumably by shifting the activation curve of high threshold potassium 
currents to hyperpolarizing potentials, thereby increasing the low threshold potassium currents 
and restoring the accuracy and the timing of action potentials. We are now testing the effects of 
the AUT2 compound on ABR in vivo. 
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Title: The ERK signaling pathway as a component of the Cav3-Kv4 interaction 

Authors: *X. ZHAN, A. P. RIZWAN, H. ASMARA, R. W. TURNER;  
Cell biology and Anat., Univ. of Calgary, Calgary, AB, Canada 

Abstract: Our previous work revealed an interaction between Cav3 T-type calcium channels and 
Kv4 A-type potassium channels that can regulate A-type (IA) current availability in cerebellar 
stellate and granule cells. Cav3-mediated calcium influx increases IA by rightward shifting the 
half-inactivation potential (Vh) of Kv4 channels through a nanodomain interaction supported by 
an association between Cav3 and Kv4 C-termini. We know that the Cav3-Kv4 interaction 
depends on the calcium-sensitive potassium channel interacting protein isoform 3 (KChIP3), but 
the molecular basis by which calcium signals a KChIP3-mediated change in Kv4 Vh has yet to 
be determined. In order to define the process for calcium-dependent activation of KChIP3 and 
the Cav3-Kv4 interaction, we conducted coimmunoprecipitations (co-IPs) from tsA-201 cells 
and found a calcium-independent coIP between Kv4 and KChIP3. A co-IP was also found 
between Cav3.1 and KChiP3 that was reduced in nominally free calcium (BAPTA-AM) but 
consistent for physiological levels of calcium. Whole-cell voltage-clamp recordings were 
conducted in tsA-201 cells transfected with Cav3.1, Kv4.3, and KChIP3 cDNA, or a KChIP3 
mutant construct lacking two calcium binding EF hand motifs (E186Q, E234Q). Applying 
mibefradil or Ni2+ to block Cav3 channels produced a leftward shift of IA Vh in cells expressing 
wildtype KChIP3, but not in cells expressing the KChIP3 double mutant. The mibefradil-induced 
shift in IA Vh was also blocked by applying a tat peptide (TAT-PP1) against amino acids 7-23 of 
the Kv4 N-terminus involved in binding KChIP3 to Kv4.3. Moreover, intracellular application of 
PD98059 to block phosphorylation of MEK but not AIP to block CaMKII inhibited the 
mibefradil-induced shift in IA Vh. The results indicate that calcium regulation of Kv4 availabilty 
depends on the the integrity of the KChIP3 - Kv4 interaction site and involves both the ERK 
signaling pathway and EF hand calcium-binding motifs of KChIP3. 
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Title: A glial K+ channel augments Drosophila visual contrast sensitivity by facilitating 
inhibitory synaptic transmission 

Authors: Z. LUAN, 01605, P. GUO, *H.-S. LI;  
Neurobio., Univ. Mass. Med. Sch., Worcester, MA 

Abstract: The mechanism regulating visual neuronal circuits by glial cells to attain contrast 
sensitivity in human and animal eyes is unknown. Here we report an essential role for a glial 
inwardly rectifying K+ channel (Kir) Irk2 in Drosophila visual contrast sensitivity. Both 
systemic and glia-specific Irk2 deficiencies caused electrical oscillation in electroretinogram 
during light stimulation, and reduced fly behavioral responses to moving gratings at low contrast. 
Further analyses indicated that Irk2 in glia controls light-triggered extracellular K+ increase in 
the visual ganglion lamina and prevents abnormal excitation of laminar neurons postsynaptic to 
histaminergic photoreceptors, suggesting the importance of glia-mediated K+ buffering to 
inhibitory synaptic transmission. Since decreased glial Kir channel activities are observed in 
human diabetic retinopathies with reduced contrast sensitivity, this work may have revealed a 
conserved glial function that optimizes visual contrast sensitivity. 
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Abstract: The development of neuroprotective and repair strategies for treating progressive 
multiple sclerosis (MS) requires new insights in axonal injury and recovery. 4-aminopyridine (4-
AP), a blocker of voltage-gated K+ (Kv) channels, is used in symptomatic treatment of 
progressive MS, but the underlying mechanism remains unclear. Here we report that deleting 
Kv3—a channel with the highest 4-AP sensitivity—reduces clinical signs in experimental 
autoimmune encephalomyelitis (EAE), a mouse model for MS. In Kv3 knockout (KO) mice, 
EAE lesions in both sensory and motor tracts of spinal cord markedly reduced, and radial 
astroglia were activated with increased expression of brain derived neurotrophic factor (BDNF). 
Kv3 and activated BDNF receptors were upregulated in demyelinating axons in EAE and MS 
lesions. In spinal cord myelin coculture, BDNF enhanced myelination and altered neuronal firing 
partially through upregulating Kv3. Therefore, suppressing Kv3 increases neural activity and 
enhances BNDF signaling, which may protect axons from inflammatory injury. 
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Title: Calcium activated potassium currents in different cell types of the neonatal hippocampus 

Authors: A. MONICAL, *M. MYNLIEFF;  
Biol. Sci., Marquette Univ., Milwaukee, WI 

Abstract: Calcium (Ca2+) regulates many different processes in neurons, including excitability. 
One way in which Ca2+ influx regulates excitability is by activation of Ca2+ activated potassium 
(K+) channels such as BK, SK and KCNQ channels, which may be involved in mediating action 
potential repolarization and afterhyperpolarization. The expression of K+ channels is not uniform 
across cell types so in the wide variety of neurons in the hippocampus (up to 40 types), a 
different complement of K+ channels may contribute to excitability. The various interneuron 
subtypes play different roles in controlling excitability and overall output of the pyramidal cells. 
Understanding how Ca2+ activated K+ channels control the excitability of the different cell types 
will contribute to our appreciation of how modulation of Ca+ influx can regulate excitability in 
single cell types as well as excitability of the overall circuitry. In this study whole cell patch 
clamp recording was used to measure K+ currents in primary cultures of the superior region of 
neonatal rat hippocampus. The total K+ current demonstrated a fast activing, transient current 
(IA) and long lasting, sustained current (IK). Currents were elicited by stepping from -50 to +50 



mV in 10 mV increments from -90 mV for total current or -50 mV for IK. IA was determined by 
subtracting IK from the total current. The cells were divided into three groups based on the rise 
time of the total current: cells with a slow rise time and no IA, cells with an intermediate rise time 
and IA, and cells with a fast rise time and large IA. This classification also corresponded to cell 
size, with smaller cells having less IA. Nimodipine (40µM), an L-type Ca2+ channel antagonist, 
blocked 35.5% of IK in cells with little IA (N=2), blocked 81.3±4.65% of IK in cells with 
intermediate IA (N=3), and 65.3±5.74% of IK in cells with large IA (N=11). These data suggest 
that Ca2+ influx through L-type channels activates K+ channels involved in IK. In cells with a 
large IA (N=11), nimodipine blocked 29.9±4.55% of the IA current suggesting that influx of Ca2+ 
through L-type channels contributes more to IK than to IA . Two large conductance (BK) Ca2+ 
activated K+ channels antagonists, iberiotoxin (10 µM; N=7) and verruculogen (10 nm; N=4) had 
very little effect on the total IA and IK in all of the three cell types. The effect of nimodipine and 
selective K+ channel antagonists on action potential and afterhyperpolariztion duration will be 
tested in heterogeneous neonatal cells. Co-localization of specific Ca2+ activated K+ channels and 
various interneuron markers will be used to correlate the electrophysiological findings with 
interneuron identities. 

Disclosures:  A. Monical: None. M. Mynlieff: None. 

Poster 

588. Potassium Channels II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 588.10/F17 

Topic: B.04. Ion Channels 

Support: UC Davis startup 

 NIH CounterACT Program (U54NS079202) 

Title: Structural insights into the mechanism of KCa3.1 channel-small molecule interactions 

Authors: *H. M. NGUYEN1, V. SINGH1, H. WULFF1, V. YAROV-YAROVOY2;  
1Pharmacol., 2Physiol. and Membrane Biophysics, UC Davis, Davis, CA 

Abstract: Ion channels play a key regulatory role in many biological processes and thus are a 
major pharmacological target for drug development. The calcium-activated intermediate-
conductance KCa3.1 channel is an effective regulator of intracellular calcium and an attractive 
pharmacological target for immunosuppression, fibroproliferative disorders, hypertension and 
various neurological diseases. However, the development of drugs for this medically relevant 



channel is hindered by the unavailability of a crystal structure useful for structure-guided drug 
design. To gain insights into the possible active sites underlying channel-small molecule 
interactions, we utilized the Rosetta molecular modeling suite to generate a homology model of 
the KCa3.1 channel transmembrane region using the Kv1.2-Kv2.1 channel structure (pdb id: 
2R9R) as a template. Upon docking of known KCa3.1 small molecule blockers into this 
homology KCa3.1 model, we identified, surprisingly, two independent sites for the 
dihydropyridine nifedipine and for its isoster methyl-5-acetyl-4-(4-chloro-3-
(trifluoromethyl)phenyl)-2,6-dimethyl-4H-pyran-3-carboxylate. While nifedipine is predicted to 
bind in the fenestration between the pore-lining S5 and S6 segments, the pyran isoster has its 
lowest energy binding configurations in the inner pore region. We then tested and confirmed 
these predictions via a combination of site-directed mutagenesis and electrophysiological patch-
clamp recording. Blocking of KCa3.1 by nifedipine was significantly reduced by replacing the 
side chains at the fenestration positions L209, T212 and V272 with either alanine or valine. 
Replacement with bulkier phenylalanines confirmed T212 and V272 as the main interacting sites 
for nifedipine without compromising the affinity of inner pore blockers like TRAM-34 or the 4-
phenyl pyran. In contrast, the inner pore T250S and V275A mutants, which are known to nullify 
TRAM-34 binding disrupted binding of the 4-phenyl pyran but did not interfere with nifedipine 
binding. We conclude that the Rosetta modeling approach can be useful to distinguish the 
molecular mechanisms of action of KCa channel modulators and has promising potential in 
guiding the development of clinically relevant drugs. 
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Title: Signaling of neuronal Ca2+ sensor proteins in hippocampal neurons 



Authors: N. I. KONONENKO1, J. VIVIANO2, A. V. DOVGAN1, V. P. CHERKAS1, J. 
ZHANG2, V. VENKATARAMAN2, *P. V. BELAN1,3;  
1Bogomoletz Inst. of Physiol., Kiev, Ukraine; 2Dept. of Cell Biology, Grad. Sch. of Biomed. 
Sci., Rowan Univ. Sch. of Osteo. Med., Stratford, NJ; 3Intl. Ctr. for Mol. Physiol., Kiev, Ukraine 

Abstract: Structurally similar neuronal Ca2+ sensor (NCS) proteins, Neurocalcin δ (NCALD) 
and Hippocalcin (HPCA), control many neuronal processes including slow 
afterhyperpolarization (sAHP) and long-term depression (LTD). Both sAHP, which tunes 
neuronal activity, and LTD, which regulates the synaptic strength, are likely controlled by HPCA 
and NCALD translocation from the cytosol to the plasma membrane. Difference in AA sequence 
between HPCA and NCALD suggests different Ca2+-dependent signaling of these proteins. To 
test this hypothesis we studied [Ca2+]i regulation and Ca2+-dependent translocation of HPCA, 
NCALD, and their chimeras and mutants tagged by different fluorescent proteins. Minor 
increases in [Ca2+]i were observed when the resting membrane potential was increased stepwise 
in a range of from -80 through -40 mV. These increases resulted in gradual translocation of 
NCALD rather than HPCA to the plasma membrane thus activating membranous NCALD 
targets and depriving a cytosolic pool of NCALD for the following fast translocation. The fast 
depolarization-induced [Ca2+]i transients led to different time courses, amplitudes, and locations 
of fast translocation of HPCA, NCALD and their chimeras and mutants. We found that N-
terminal AA sequence including EF1 domain was important determinant for differences in 
kinetics, localization and Ca2+-dependency of NCS protein signaling. NCALD mutants, in which 
dimerization was prevented, did not reveal substantial translocation indicating that Ca2+-
dependent dimerization may be necessary for NCALD translocation. We conclude that structural 
distinctions in AA sequence of HPCA and NCALD may result in differential Ca2+-dependent 
regulation of their targets and plasma membrane conductance, thus far differentially regulating 
dendritic integration and synaptic plasticity. 
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Title: A single pre-exposure to methamphetamine potentiates methamphetamine self-
administration and attenuates changes in DNA methylation and expression of potassium 
channels in the rat nucleus accumbens. 

Authors: *S. JAYANTHI, M. GERRA, N. TERRY, M. MASNATA, B. LADENHEIM, I. N. 
KRASNOVA, M. T. MCCOY, J. L. CADET;  
Mol. Neuropsychiatry Br., NIDA-IRP, Baltimore, MD 

Abstract: Drug addiction is a chronic relapsing neuropsychiatric disorder associated with 
transcriptional and epigenetic changes in brain reward circuitries. Methamphetamine (METH) 
addiction is a major problem in the world with its prevalence outpacing that of cocaine. 
Transition from occasional use to dependence state can be accelerated by un-prescribed use of 
psychostimulants. An earlier study from our lab has shown that a single non-contingent METH 
injection increased cocaine self-administration (SA). Although the molecular mechanisms 
underlying this behavioral response to cocaine is not known, a single METH injection has also 
been shown to impact gene expression and DNA methylation in the brain. In the present study, 
we tested the possibility that a single METH injection could impact METH SA. Towards that 
end, we administered a single dose of METH (10 mg/kg) or saline to rats prior to training them 
to self-administer METH (0.1mg/kg, 3h-6h/day, 18days). This approach resulted in three 
experimental groups: (1) control- saline-saline group (SS), (2) single saline injection followed by 
METH SA (SM) and (3) single METH injection followed by METH SA (MM). We found that 
the MM group showed significantly higher METH intake than the SM group. Cue-induced 
METH seeking was examined using extinction tests on day 2 (WD2) and 29 (WD29) of forced 
withdrawal from METH SA. Both SM and MM groups showed higher cue-induced reward 
seeking on WD29 compared to WD2. There were no differences between the SM and MM 
groups. Because our recent genome-wide DNA hydroxymethylation experiment had identified 
potassium channels in the nucleus accumbens as discriminators of compulsive METH takers and 
abstinent rats, we wondered if changes in the expression of potassium channels might help us to 
distinguish SM from MM groups. Interestingly, the SM rats showed increased mRNA expression 
of shaker-related voltage-gated potassium channels (Kv1-Kv1.1, Kv1.3, and Kv1.6) in 
comparison to MM rats. SM rats also showed decreased DNA methylation at the CpG-rich sites 
near the promoter region of Kv1.1 and Kv1.3 genes in comparison to MM rats. Together, our 
results provide further evidence for the potential involvement of potassium channels in METH 
addiction. 
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Abstract: Child abuse and neglect as early life stressors are shown to increase the risk of 
developing stress-related disorders and substance abuse. The increased vulnerability seems to be 
related to brain monoaminergic dysfunction including an altered dopamine (DA) signaling from 
the ventral tegmental area (VTA). Recently, we demonstrated that a 24h early maternal 
deprivation (MD, an animal model of child abuse), on postnatal day 9, induces synaptic 
abnormalities at GABAergic synapses onto VTA DA neurons through disruption of A kinase 
anchoring protein (AKAP150) signaling in juvenile rats (p14-p21). These synaptic defects were 
normalized by in vitro histone deacetylase (HDAC) inhibition suggesting the potential clinical 
benefits of targeting the VTA by HDAC inhibitors soon after the insult. Here we further 
investigated the synaptic and epigenetic modifications associated with MD in VTA DA neurons 
and tested the effects of a single in vivo injection of a selective class I HDAC inhibitor (CI-994) 
on these MD-induced changes within the VTA. We found that MD indeed increased HDAC2 (a 
class I HDAC) expression specifically in VTA DA neurons resulting in reduction of histone H3 
acetylation at lysine 9 (Ac-H3K9). The levels of Ac-H3K9 in VTA of MD rats were restored 3 
hours after a single in vivo injection of MD animals with CI-994. We also detected that MD 
induced DA cell hyperexcitability which was also normalized by the in vivo HDAC inhibition. 
Our preliminary data suggest that GABAergic and glutamatergic synaptic dysfunction could also 
be reversed through restoration of synaptic localization of AKAP shortly after a single in vivo 
injection of CI-994. Taken together, our results suggest that a single in vivo HDAC inhibition 
may be sufficient to epigenetically reverse MD-induced changes in AKAP localization, DA cell 
excitability and synaptic dysfunction within the VTA. 
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Abstract: Normal brain function is strongly dependent on the correct development and assembly 
of the neuronal cytoskeleton. Failure to achieve the correct neuronal layout or to form the right 
interconnections between nerve cells underlies disorders involving cognitive deficits and mental 
disability. During development and other processes that include changes in cell architecture, as 
seen for example in plasticity, neurons have to undergo in some cases extensive reorganization 
of their actin scaffolding. Synaptic plasticity is associated with mechanisms such as the dynamic 
changes in spine size and number and the ability of excitatory glutamate-activated synapses to 
alter their strength in response to changes in activity patterns. Members of the Rho small GTPase 
subfamily have been shown to orchestrate many cellular processes involving intraneuronal actin 
dynamics. Essentially working like binary switches, they cycle between inactive GDP-bound 
states and active GTP-bound states, to which they are driven by GTPase activating proteins 
(GAPs) and guanine nucleotide exchange factors (GEFs), respectively. A variety of these 
regulators have by now been shown to play critical roles within neurons. We identified 
ARHGAP8 as a novel Rho GAP which is localized to spines in a GluN2B-NMDA receptor 
dependent manner. Using quantitative mass spectrometry, we have found ARHGAP8 to be 
absent from postsynaptic densities (PSDs) of mouse neurons that lack the developmentally 
regulated NMDA-type glutamate receptor subunit GluN2B, while it is identified in PSDs 
isolated from wild-type neurons. We are currently characterizing its function within neurons and 
our data from biochemical and immunocytochemical experiments suggest a brainwide 
expression pattern and a partial localization to active synapses. Furthermore, ARHGAP8 



overexpression in rat neuronal cultures affects spine maturation. Overall our data suggest that 
ARHGAP is a novel regulator of excitatory synapses. 
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Abstract: Protein kinase A (PKA), protein kinase C (PKC) and calcineurin (CaN) are signaling 
molecules working in conjunction with AMPA-type and NMDA-type glutamate receptors in 
long-term potentiation (LTP) and depression (LTD). While glutamate receptors are localized to 
the synaptic membrane through the PSD-95 family of MAGUK scaffold proteins, these kinases 
and phosphatases are targeted to the synapses through binding to the scaffold protein A-Kinase 
anchoring protein (AKAP) 79/150. AKAP79/150 contains a membrane-targeting domain 
characterized by three subdomains with a PKC anchoring site at the N-terminus, a MAGUK 
binding region downstream, and CaN and PKA anchoring sites at the C-terminus. Despite 
extensive studies of the function of this AKAP, very little is known about its nanometer scale 
localization and molecular conformation at the spine membrane and at the postsynaptic density 
(PSD). We expressed N or C terminally GFP tagged AKAP79 constructs in rat hippocampal 
cultures and used immunogold EM to map their localization and determine their conformations 
at the spine membrane and in the PSD. We also used scanning transmission electron microscopy 
(STEM) tomography to reconstruct entire PSDs at 6 nm resolution in spine membranes 
positively labeled for AKAP79. Our results show extensive AKAP localization at the spine 
membrane both outside the PSD and in regions within the PSD. STORM/PALM super-resolution 
fluorescence microscopy with mEOS-tagged AKAP79 confirmed distinct clustered localizations 



in spines both outside the PSD and overlapping with PSD-95 in the PSD. At the spine membrane 
outside the PSD, EM also revealed that the N and C termini of AKAP79 are located at similar 
distances from the plasma membrane, suggesting they assume a closed or horizontally extended 
orientation. At the PSD, the N terminus is located near the membrane but the C terminus is 
located ~ 10 nm away, suggesting that AKAP79/150 molecule is vertically oriented relative to 
the membrane and in an extended conformation. These results demonstrate that AKAP79 adopts 
distinct molecular conformations at the PSD different from those at the spine membrane outside 
the PSD. Our results provide an initial look at the molecular organization of the AKAP79/150 
postsynaptic signaling complex in dendritic spines and might lead to further understanding of the 
molecular inner-workings of the PSD in synaptic transmission and plasticity. 
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Abstract: Lithium (Li+) is a drug widely employed for treating bipolar disorder, however the 
mechanism of action is not known. Here we study the effects of Li+ in cultured hippocampal 
neurons on a synaptic complex consisting of δ-catenin, a protein associated with cadherins 
whose mutation is linked to autism, and GRIP, an AMPA receptor (AMPAR) scaffolding 
protein, and the AMPAR subunit, GluA2. We show that Li+ elevates the level of δ-catenin in 
cultured neurons. This elevation is consistent with Li+ inhibition of GSK3β, a kinase that 
phosphorylates and destabilizes δ-catenin. δ-catenin binds to the ABP and GRIP proteins, which 
are synaptic scaffolds for GluA2. We show that Li+ increases the levels of GRIP and GluA2, 
consistent with Li+-induced elevation of δ-catenin. Using GluA2 mutants, we show that the 



increase in surface level of GluA2 requires GluA2 interaction with GRIP. Furthermore, Li+ fed 
animals show elevated synaptic levels of δ-catenin, GRIP, and GluA2 in the hippocampus, 
consistent with the finding in cultured neurons. This work supports a model in which Li+ 
stabilizes δ-catenin by inhibition of GSK3β, elevating δ-catenin, GRIP and GluA2 in synapses of 
hippocampal neurons. Thus, it suggests a mechanism by which Li+ can alter brain synaptic 
function that may be relevant to its pharmacologic action in treatment of neurological disease. 
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Title: Phosphorylation of EphB2 receptor tyrosine kinase ectodomain 
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Abstract: Extracellular phosphorylation of proteins was suggested in the late 1800’s when 
casein was shown to contain phosphate. More recently extracellular kinases that phosphorylate 



extracellular serine, threonine, and tyrosine residues of numerous of proteins have begun to be 
identified. However, the significance of extracellular phosphorylation of specific residues for 
protein function in the nervous system is poorly understood. Crucial for proper synaptic 
development is the EphB family of receptor tyrosine kinases and their membrane bound ligands, 
the ephrin-Bs. The binding of ephrin-B2 to the ligand binding domain (LBD) of EphB2 drives a 
direct extracellular interaction between the EphB2 receptor and the N-methyl-D-aspartate 
receptor (NMDAR), an ionotropic glutamate receptor required for synaptic plasticity. Normal 
brain function requires that NMDARs are properly localized to synaptic sites, whereas absence 
of the NMDAR is lethal in mice. EphB2 is necessary for the correct localization and function of 
NMDAR at synapses. However, because the interacting domains between EphB2 and the 
NMDAR are yet to be determined, the mechanisms enabling extracellular interactions have not 
been well studied. We demonstrate that EphB2 undergoes post-translational modification of its 
extracellular domain that enables it to interact with the NMDAR. Unbiased mass spectrometry 
data suggest that a specific tyrosine reside, Y504, in the fibronectin type III (FN3) repeat domain 
of the extracellular region of EphB2 undergoes ephrin-B2 ligand-dependent phosphorylation. 
Furthermore, mutation of the predicted extracellular phosphorylation site shows it is required for 
the EphB-NMDAR interaction. Y504 is phosphorylated in both the brain and spinal cord and 
data show that constitutive phosphorylation of this site results in mechanical hypersensitivity in 
mice expressing a phospho-mimetic mutant of EphB2. Given that several recent publications 
have demonstrated the existence of ectokinases and ectophosphatases, we are investigating the 
possibility that a secreted kinase is a candidate for extracellular phosphorylation of EphB2. 
Because of the importance of the Eph-NMDAR interaction, identifying the extracellular kinase 
allows for a potential therapeutic target as well as insight into the phenomenon of extracellular 
phosphorylation. Taken together, our results suggest that extracellular phosphorylation by a 
secreted kinase might be an underappreciated mechanism in regulation of protein interaction and 
protein trafficking. 
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Title: NMDA receptor mediated activation of pannexin1 channels at hippocampal mossy fiber 
synapses support burst-firing output in CA3 pyramidal neurons 
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Abstract: Pannexin1 channels are a distinct category of large pore ion channels expressed 
throughout the mammalian brain. While pannexins have been shown to participate in various 
neuropathologies, the extent of their physiological role remains largely unexplored. Here we 
combine pharmacological and genetic tools with acute slice electrophysiology to demonstrate 
NMDA receptor (NMDAR)-mediated activation of pannexin1 channels in CA3 pyramidal 
neurons at hippocampal mossy fiber synapses. Pannexin1-mediated secondary currents are 
revealed at physiological temperature (35 °C) but not at room temperature (25 °C), and 
probabilistically occur following the peak of NMDAR-mediated synaptic responses. These 
currents are abolished by the pannexin1 inhibitory peptide Panx10 (50 µM), carbenoxolone (30 
µM), and intracellular loading of BAPTA (10 mM). Additionally, we provide 
immunohistological evidence that pannexin1 is highly expressed in stratum lucidum, and 
immunoelectron microsocopy revealed pannexin1 near the postsynaptic density of thorny 
excrescences. Moreover, we show that pannexin1 channels are preferentially recruited when 
NMDAR activation enters a supralinear regime, resulting in burst-firing output. In line with the 
hypothesized role for mossy fiber synapses as potent drivers or “detonators” of CA3 pyramids 
during episodic memory, we found that by mimicking the structure of in-vivo activity, pannexin1 
mediated secondary currents can be bidirectionally modulated by burst-timing dependent 
plasticity of NMDAR-mediated transmission. Our data suggest that pannexin1-mediated 
secondary currents provide a mechanism for signal amplification, eliciting temporally delayed 
burst-firing of hippocampal CA3 pyramidal neurons. This delay likely enables particularly 
salient stimuli that drive NMDARs into a supralinear regime, to extend associativity windows of 
co-activated CA3 pyramids during auto-associative functions of the CA3 region of the 
hippocampus. 
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Abstract: Reelin is a secreted glycoprotein that regulates the development and function of the 
cerebral cortex by initiating a signaling cascade via its downstream adaptor protein Dab1. The 
developmental roles of Reelin/Dab1 signaling have been extensively studied, and many of the 
molecular and cellular mechanisms of Reelin’s critical functions during neuronal migration and 
differentiation have been elucidated. On the other hand, the role and mechanisms of Reelin 
signaling in the mature brain are considerably less understood. Reelin continues to be secreted by 
inhibitory interneurons in the adult forebrain and emerging evidence suggests Reelin signaling is 
important for synapse function and learning and memory. However, the mechanisms that control 
synapse function and brain physiology downstream of Reelin and Dab1 are not known. We have 
identified a novel interaction between Dab1 and Csmd2, which belongs to a family of single-pass 
transmembrane proteins of unknown function. We found that the cytoplasmic tail of Csmd2 
binds to Dab1 via an NPxY motif, and to several synaptic scaffolding proteins via a PDZ-binding 
domain. Csmd2 localizes to synapses in vitro in rat primary hippocampal cultures, as well as in 
vivo in mouse cerebral cortex. Introduction of a truncated form of Csmd2 into mouse cortical 
neurons by in utero electroporation caused a dramatic reduction of dendritic spine number and 
density in vivo. This phenotype was relieved in a mutated form of the truncated protein that no 
longer localizes to synapses. Together these data indicate a role for Csmd2 in synapse formation, 
maintenance and/or function. Based on the similarities between the extracellular domain 
architecture of Csmd2 and several synaptic auxiliary proteins, we are now testing the hypothesis 
that Csmd2 serves as an auxiliary subunit of ionotropic glutamate receptors. We have also begun 
testing the hypothesis that the interaction between Dab1 and Csmd2 is required for proper 
synapse function, and that Reelin signaling modulates this interaction. 
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Title: CACNG2, a new candidate for schizophrenia and intellectual disability 
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Abstract: Schizophrenia is a devastating disorder that affects about 1% of the worldwide 
population. This multifactorial disease, with a strong genetic component, is characterized by 
delusions, hallucinations and confusion thoughts. Furthermore schizophrenia onset and stress are 
inextricably related. It has been suggested that schizophrenia patients present a disruption of 
normal homeostatic adaptation of neuronal circuits to changes in the environment, as a 
consequence of impaired synaptic function, since several de novo mutations in synaptic networks 
components have been found in these patients. Stargazin is an auxiliary subunit for AMPAR and 
it is required for AMPAR trafficking to the surface and for the homeostatic scaling up of 
AMPAR upon blockade of activity. Using whole-genome sequence analysis, we identified a new 
CACNG2 variant, StgSCZ, which, along with StgID, previously identified in intellectual disability, 
altered the surface trafficking properties of stargazin and failed to deliver AMPAR to synapses. 
Furthermore, StgID was not able to mediate homeostatic plasticity whereas StgSCZ increased the 
number and decreased the length of primary dendrites, as well as the number of inhibitory 
synapses. Tianeptine, a commercial memory enhancer and powerful antidepressant, described to 
increase AMPAR trapping at synapses by increasing stargazin phosphorylation, rescued 
AMPAR levels in neurons expressing STGSCZ. The correlation between stargazin disease-related 



variants and specific alterations in the function of the protein will allow elucidating the 
mechanisms underlying the development of these neuropsychiatric disorders. 

Disclosures:  G.L. Caldeira: None. S.R. Louros: None. M.V. Rodrigues: None. C.N. Pato: 
None. C. Chinfei: None. J. Peça: None. A.L. Carvalho: None. 

Poster 

589. Postsynaptic Organization and Structure II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 589.09/F28 

Topic: B.07. Synaptic Transmission 

Support: R00 DC013805-02 

 NARSAD Young Investigator 

 Chicago Biomedical Consortium Catalyst Award 

 Hartwell Foundation Individual Biomedical Research Award 

Title: Analysis of specific synaptic proteomes in the mouse brain 

Authors: *J. N. SAVAS, Y.-Z. WANG, C. STROJNY;  
Northwestern University, Feinberg Sch. of Medici, Chicago, IL 

Abstract: Synapses are protein rich cell junctions and synaptic malfunction plays a key role in 
many neurodevelopment disorders and neurodegenerative diseases. While a near comprehensive 
description of the proteins which can be present at synapses has been obtained, an understanding 
of which specific proteins are present at distinct synapses represents a critical gap in our 
understanding of synapse diversity. Up till now, there have been only a few reports which have 
described neuron-specific proteomes and none have investigated neuron-specific perturbations. 
In traditional neuroproteomic mass spectrometry (MS) studies, samples are prepared from brain 
which represent complex mixtures of proteins from multiple cell types and suffer from 
“averaging”. If one synapse is affected while another is not, and tissue is simply homogenized, 
the resulting analysis can be misleading since the measured signal will be an average. To 
overcome this limitation, we developed a new approach which couples synaptic membrane 
targeting, proximity biotin ligation, conditional expression, and isotope based quantitative MS 
analysis. 
We fused BirA* biotin ligase with the transmembrane regions of NRXN1 or NLGN1 (from 
GRASP), which will target pre- or post-synaptic locations. As expected, both BirA*-pre and -



post are expressed on the cell surface. Our constructs exhibited strong biotinylation activity and 
when expressed in rat hippocampal neurons, both BirA*-pre and -post showed punctate 
distribution patterns. Based on co-localization with synaptic markers our fusion proteins 
predominantly localized to excitatory and to a lesser degree inhibitory synapses. Next, we moved 
our fusion proteins into AAV-FLEx vectors which express only in presence of Cre and injected 
AAVs into the striatum of dopamine receptor -1 (D1) – and (D2) - Cre mice. Biotin was injected, 
and the biotinylated proteins were isolated with streptavidin, and MS analysis identified a 
contrasting set of proteins. By crossing different Cre lines with various mouse models of 
neurological disease we will monitor specific synaptic proteomes over the time course of disease 
onset and progression. We believe that determining specific synaptic perturbations on the 
proteome level will provide new insight into neurological disease. 
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Title: Role of phosphorylation of Neuroligin-2 at inhibitory synapses 
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Abstract: Integration between excitatory and inhibitory neurotransmission is critical for proper 
brain function, and disruptions of this balance have been implicated in many neurological 
disorders including epilepsy, schizophrenia, and autism spectrum disorders. Neuroligins (NLs) 
are postsynaptic cell adhesion molecules that are ubiquitously expressed in the brain, and are 
thought to play pivotal roles in synapse assembly, organization and function. The NL isoform, 
NL-2, is located and specifically functions at inhibitory synapses, whereas other NL isoforms 
function only at excitatory synapses or can act at both synapse types. Phosphorylation of other 
NL isoforms has been shown to modulate their function at synapses, and we believe that 
phosphorylation may be a mechanism involved in their differential roles at inhibitory vs. 
excitatory synapses. We demonstrate that NL-2 is a substrate for c-AMP dependent kinase 



(PKA), and using mass spectrometry determined the exact residue in the intracellular C-tail that 
is phosphorylated. We have generated a phospho-specific antibody against this site, and 
demonstrate it’s specificity. With this great tool, we are now characterizing NL-2 
phosphorylation and regulation. We observe that NL-2 is basally phosphorylated in cultured 
cortical rat neurons and in rodent brain, and we are characterizing NL-2 phosphorylation over 
developmental time points, in different brain regions, and in different brain fractions. We have 
demonstrated that NL-2 phosphorylation is regulated by synaptic activity, and are investigating 
the precise mechanisms by which this occurs. Finally, by comparing the function of NL-2 
phospho mutants, we have observed that this NL-2 phosphorylation site is important for 
inhibitory synapse function. 

Disclosures:  N.F. Shanks: None. M.A. Bemben: None. Y. Li: None. K.W. Roche: None. 

Poster 

589. Postsynaptic Organization and Structure II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 589.11/F30 

Topic: B.07. Synaptic Transmission 

Support: NINDS 

Title: Differences in phosphorylation of neuroligins: 4x vs. 4y 

Authors: *T. A. NGUYEN1,2, M. A. BEMBEN1, Y. LI1, K. W. ROCHE1;  
1NINDS, Bethesda, MD; 2Pharmacol. and Physiol., Georgetown Univ., Washington, DC 

Abstract: Autism Spectrum Disorders (ASDs) are a diverse set of cognitive developmental 
disorders that result in a wide range of behavioral deficits. Interestingly, ASDs have long been 
reported to affect many more males than females. This sex bias in ASDs has been a puzzle in the 
field. Neuroligins (NLs) are postsynaptic cell adhesion molecules involved in synapse formation 
and modulation. There are five NLs (NL-1, NL-2, NL-3, NL-4X, NL-4Y) encoded in the human 
genome, whereas in rodent there are four (NL-1, NL-2, NL-3, NL-4-like). NL-4X and NL-4Y 
are of particular interest because they are sex-linked genes located on the X and Y chromosome, 
respectively. In addition, multiple mutations in both the extracellular domain (ECD) and the 
intracellular domain (ICD) of NL-4X have been shown to associate with ASDs. Interestingly, 
NL-4X and NL-4Y are highly conserved with only eight amino acid differences in the ECD and 
five in the ICD. Although NL-4X has been shown to be phosphorylated by protein kinase C 
(Bemben et al., 2015), there are no studies on phosphorylation of NL-4Y. Here, using an in vitro 
kinase assay, we report that phosphorylation of NL-4Y by PKC is significantly weaker than NL-



4X. Furthermore, using different kinases in conjunction with mass spectrometry, we show that 
NL-4X and NL-4Y are phosphorylated at different residues. Taken together, our results suggest 
that NL-4X and NL-4Y are regulated in a fundamentally different manner, and through a better 
investigation of the sex-linked isoforms of NLs, we hope to further understand the sex bias 
associated with ASDs. 
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Abstract: Correct assembly and function of neural circuits relies on the proper formation and 
maturation of a diverse array of synapses. Synapse formation requires contact between pre- and 
postsynaptic neurons and is thought to be induced by interactions between synaptic cell adhesion 
molecules. One of the most widely studied pairs of synaptic cell adhesion molecules are the 
presynaptic neurexins (NRXN) and postsynaptic neuroligins (NLGN). Binding of NRXN to 
NLGN is crucial for recruitment and clustering of pre- and postsynaptic complexes and synaptic 
transmission. Nearly all vertebrates encode four NLGNs and, while NLGN1-3 are well 
characterized, little is known about the localization and function of NLGN4. In most mammals 
NLGN4 resides on the X chromosome. Interestingly, humans and higher order primates carry a 
fifth male-specific NLGN located on the Y chromosome. Having approximately 98% sequence 
homology to NLGN4X, this additional NLGN is often referred to as NLGN4Y. With both X and 
Y NLGN4 isoforms in humans, males and females naturally express a different composition of 
NLGN4, the functional implications of which are as yet unexplored. Mutations in NLGN4X and 
NLGN4Y have been identified in individuals as a cause of several disorders characterized by 



synaptic dysfunction such as autism spectrum disorder (ASD). Furthermore, in XYY males there 
is a correlation between NLGN4Y expression levels and an increased risk for ASD. Despite 
these observations, a role for NLGN4 at synapses has not yet been established. This largely 
overlooked area has prompted us to investigate the function of NLGN4 and potential differences 
in function between NLGN4X and NLGN4Y. Using an established fluorescent-based in vitro 
affinity assay, we have examined the affinity of NLGN4X and NLGN4Y for NRXN1-β and 
determined whether binding to NRXN1-β is altered upon coexpression of NLGN4X and 
NLGN4Y. To monitor the functional impacts of coexpression, we have used a heterologous co-
culture assay to determine whether or not potential differences in affinity lead to differences in 
synaptogenesis between NLGN4X and NLGN4Y when expressed individually or together. 
Additionally, it is unclear whether NLGN4 is located at excitatory synapses, inhibitory synapses, 
or both. Towards this end, have examined the impact of exogenous expression of human 
NLGN4X and NLGN4Y in primary rat cortical neurons on excitatory versus inhibitory synaptic 
organization. Taken together, our studies may shed light on a potential role for NLGN4 at 
synapses and could uncover functional differences between NLGN4X and NLGN4Y. 
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Abstract: Huntington’s disease (HD) is a neurodegenerative genetic disorder caused by 
expansion of a CAG repeat tract in the HTT gene. Although striatal degeneration that causes late-
onset movement impairment is the most pronounced, psychiatric and cognitive symptoms appear 
earlier in HD progression and have been proposed to originate from the prefrontal cortex and 
hippocampus. N-methyl-D-aspartate receptors (NMDARs) are glutamate receptors underlying 
excitatory synaptic transmission and plasticity. Electrophysiological studies on transgenic HD 
mouse models suggest that extrasynaptic NMDARs drive neurodegeneration by triggering cell 



death-associated signalling pathways via pCREB shutoff. Activity of synaptic NMDARs 
increases pCREB levels and promotes neuronal survival. To study the role of extrasynaptic 
NMDARs in HD hippocampal pathogenesis, we transfected hippocampal cultured neurons with 
normal (25 CAG repeats) or mutant Huntingtin protein (mHTT; 97 CAG repeats). To visualise 
synaptic vs extrasynaptic NMDARs, we applied dSTORM imaging and demonstrated that in 
hippocampal neurons expressing mHTT the NMDAR localisation is significantly shifted towards 
the extrasynaptic sites. To determine whether the receptor shift to extrasynaptic sites can be 
rescued, we focussed on Synapse-Associated Protein-97 (SAP97), a major synaptic protein 
responsible for distribution of glutamate receptors. Alternative splicing of SAP97 gives rise to 
two N-terminal isoforms, alphaSAP97 and betaSAP97, the former acting as a scaffolding protein 
in the synapse and the latter participating in receptor segregation and trafficking. Our data show 
that overexpression of either SAP97 isoform alters NMDAR distribution in mHTT neurons. 
However, while alphaSAP97 reinstates the normal synaptic receptor distribution, betaSAP97 
upregulates the synaptic NMDARs beyond the level of the controls. This effect is only seen in 
mHTT-expressing cells and not in controls. Moreover, alphaSAP97 is down-regulated in the 
hippocampus and striatum of YAC128 mouse HD model. Our data suggest that a change in 
balance between SAP97 isoform expression levels is a part of the HD pathogenesis, and that 
restoring the isoform balance has the potential to return the balance of synaptic and extrasynaptic 
receptors 
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Abstract: Sedentarity has been associated with muscle weakness and atrophy. Here, we 
investigated the alterations at the neuromuscular junction (NMJ), the synapse conveying the 
motor command from the brain to the muscle. We compared soleus muscles of sedentary adult 
mice (12 months) to age-matched active mice. NMJ structure was assessed by immunolabeling 
of pre-, post and glial elements while synaptic properties were studied using electrophysiological 
recordings. As expected, the body weight was larger in sedentary mice (51.6±1.0 vs. 44.8±1.0 g, 



p=0.001) while soleus muscle mass was lower (19.0±0.4 vs. 21.2±0.4 mg, p=0.001). NMJs of 
sedentary mice were more fragmented than those of active mice (3.7±0.3 vs. 1.9±0.2 fragments, 
p=0.023) and their quantal content tended to be higher (3.8±0.3 vs 3.1±0.2, p=0.065). 
Furthermore, short-term synaptic potentiation following high frequency stimulation (60 Hz, 30 s) 
was smaller (9±5% vs. 36±4%, p=0.002). We hypothesise that the observed changes in NMJ 
properties are influenced by glial cells owing to their regulation of NMJ structure and function. 
Hence, sedentarity is associated with NMJ alterations that can lead to muscle weakness and 
atrophy. 
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Abstract: FRMPD2 is a FERM- and PDZ-domain containing protein highly expressed in the 
brain. In epithelia cells, FRMPD2 has been shown to have a unique polarized basolateral 
localization pattern, and is involved in the formation of tight junctions. FRMPD2 contains three 
PDZ domains, a structural feature shared among many synaptic proteins such as PSD-95. 
However, its role in neurons remains unknown. Our work shows that FRMPD2 is highly 
expressed during brain development. In cultured neurons, we find that FRMPD2 is enriched at 
the synaptic domain. Over-expression of FRMPD2 increases synapse density and alters spine 
morphology, while a down regulation in synapse formation is observed after siRNA-mediated 
knockdown of FRMPD2. Its role in synaptogenesis is dependent on neuroligin 1. The interaction 
of FRMPD2 with F-actin recruits actin to the spine as a scaffold facilitating spine growth. In line 
with its role in synapse formation, expression of FRMPD2 results in an increase in mEPSC 
amplitude and frequency. This data reveals FRMPD2 as a novel synaptic PDZ molecule that 
plays a critical role in neural circuit establishment and synaptic transmission. 
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Title: Neuronal pentraxin receptor induces postsynaptic specialization 

Authors: *S. LEE1, M. WEI2, C. ZHANG2, T. C. SÜDHOF1,3;  
1Mol. and Cellualr physiology, Stanford Univ., Stanford, CA; 2Peking Univ., Beijing, China; 
3Howard Hughes Med. Inst., Stanford, CA 

Abstract: Neuronal pentraxins (NPs) act as synaptogenic molecules via their interaction with 
AMPA-type glutamate receptors (GluRs). The neuronal pentraxin receptor (NPR) is a unique NP 
in that it possesses a transmembrane domain and can be tethered to the synaptic membrane, but 
how it regulates synaptogenesis is unclear. We observed that membrane-tethered NPR is solely 
sufficient for the recruitment of both excitatory and inhibitory postsynaptic specialization. It 
works as a typical synaptic adhesion molecule through binding with its postsynaptic adhesion 
partners, GluRs in excitatory synapse. NPR binding to GluR1 enhances its channel activity and 
the blocking AMPAR activity in neurons inhibits NPR-dependent postsynaptic specialization. 
On the other hand, NPR also induces in inhibitory postsynaptic specialization. Blocking GABA 
channel activity reduces the NPR-dependent postsynaptic specialization. These results suggest 
that NPR promotes synaptogenesis through both AMPA and GABA channels in excitatory and 
inhibitory synapses, respectively. 
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Title: Synaptic adhesion molecule IgSF11 interacts with PSD-95 and regulates AMPA receptor-
mediated synaptic transmission and plasticity 

Authors: *S. JANG;  
Inst. For Basic Sci. (IBS), Daejeon, Korea, Republic of 

Abstract: Synaptic adhesion molecules regulate synapse development and plasticity through 
mechanisms including trans-synaptic adhesion and recruitment of diverse synaptic proteins. We 
report here that the immunoglobulin superfamily member 11 (IgSF11), a homophilic adhesion 
molecule preferentially expressed in the brain, is a novel and dual-binding partner of the 
postsynaptic scaffolding protein PSD-95 and AMPAR glutamate receptors (AMPARs). IgSF11 
requires PSD-95 binding for its excitatory synaptic localization. In addition, IgSF11 stabilizes 
synaptic AMPARs, as shown by IgSF11 knockdown-induced suppression of AMPAR-mediated 
synaptic transmission and increased surface mobility of AMPARs, measured by high-throughput, 
single-molecule tracking. IgSF11 deletion in mice leads to suppression of AMPAR-mediated 
synaptic transmission in the dentate gyrus and long-term potentiation in the CA1 region of the 
hippocampus. IgSF11 does not regulate the functional characteristics of AMPARs, including 
desensitization, deactivation, or recovery. These results suggest that IgSF11 regulates excitatory 
synaptic transmission and plasticity through its tripartite interactions with PSD-95 and AMPARs. 
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Title: GSK3 signaling regulates intrinsic firing and persistent sodium current in medium spiny 
neurons of the nucleus accumbens 

Authors: F. SCALA1,2, *M. N. NENOV1, E. CROFTON1, Y. ZHANG1, N. WILDBURGER1, 
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Abstract: Studies indicate that enriched environmental conditions (EC) can exert protective 
effects against depression and addiction. Using unbiased transcriptomic analysis in the nucleus 
accumbens (NAc) of EC rats mRNAs coding for glycogen synthase kinase 3 (GSK3) and the 
voltage-gated Na+ channel Nav1.6 were identified as part of a protective genetic program against 
depression and addiction. With a combination of in vivo Adeno-Associated Virus (AAV) vector 
gene silencing and acute brain slice patch-clamp electrophysiology in the nucleus accumbens we 
found that silencing of either GSK3 or Nav1.6 with selective AAV short hairpins leads to a 
reduction in maximum firing frequency and persistent Na+ currents in medium spiny neurons 
(MSN). On the other hand, MSN in GSK3 knock-in mice expressing GSK3 isoforms resistant to 
inhibitory PI3K/AKT phosphorylation exhibited an opposite phenotype with increased firing and 
augmented persistent Na+ currents. To provide an in vitro mechanistic model, we characterized 
the effect of GSK3 inhibition on Nav1.6-encoded currents demonstrating that suppression of the 
kinase activity decreases Nav1.6 currents. Using in vitro phosphorylation and mass-spectrometry 
we identified a GSK3 phosphorylation site on Nav1.6 and designed a 15-mer peptide flanking 
this site along with alanine mutants to selectively reverse hyper-excitability of MSN in GSK3 
knock-in mice. Altogether, these results provide a novel molecular model of how changes in 
GSK3 signaling might result into functional neurocorrelates associated with depression and 
addiction leading to potential new therapeutics targeting posttranslational modifications within 
the GSK3 intracellular cascade. 
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Authors: *B. LI, B. SUUTARI, R. W. TSIEN;  
Neurosci. Institute, Tsien Lab., New York Univ. Med. Ctr., New York, NY 

Abstract: In contrast to the positive feedback in Hebbian plasticity, homeostatic plasticity 
maintains the information transfer capacity of brain circuit by negative feedback regulation. We 
have clarified the signaling mechanisms by which reduced neuronal activity leads to the changes 
in alternative splicing and thereby contributes to homeostatic regulation of neuronal excitability. 
Chronic inactivity (48 hr TTX) prolongs action potential (AP) duration, in large part via 
alternative splicing of BK channels. Inclusion of exon 29 (E29) in BK channel dropped to ~50%, 
while total BK mRNA remained unchanged; in turn, BK channels lacking E29 exhibited lower 
channel activity and led to wider APs than BK channels including E29. Moreover, 
overexpression of E29-included BK channel completely blocked TTX-induced AP prolongation, 
confirming that TTX-induced E29 skipping contributes to homeostatic regulation of excitability. 
Alternative splicing of E29 was regulated by Nova-2, which directly binds to the intron 
downstream of E29. Overexpression of Nova-2 drove E29 inclusion in E29 minigene-transfected 
N2A cells; knockdown of Nova-2 strongly reduced E29 inclusion in cortical neurons, which 
could be reversed by shRNA-resistant Nova-2. These data suggest that Nova-2 is both sufficient 
and necessary for E29 inclusion. Chronic inactivity triggered nuclear export of Nova-2 in a 
CaV1-CaMKK-CaMKIV-dependent manner: TTX-induced Nova-2 translocation and regulation 
of E29 splicing was prevented upon blocking CaV1 channels by nimodipine, CaMKs by KN-93, 
CaMKK by STO-609 or upon buffering of nuclear CaM by CaMBP4(nu). Indeed, 48 hr TTX 
induced activation of cytosolic CaMKII and nuclear CaMKIV, which directly binds to and 
phosphorylates Nova-2; phosphomimetic mutations led to Nova-2 translocation. These events 
appear to be linked by TTX-induced translocation of CaMKK2, and apparently CaM shuttling to 
the nucleus. Knockdown of CaMKK2 expression blocked TTX-induced E29 splicing. We 
confirmed the involvement of Nova-2 and BK channel splicing in an in vivo model of 
homeostasis, mice undergoing monocular deprivation. 5 d monocular deprivation led to Nova-2 
displacement from the nucleus and decreased E29 splicing in the visual cortex contralateral to 
the deprived eye, consistent with findings in cultured neurons. Thus, E-AS coupling contributes 
to homeostatic regulation of neuronal excitability in vivo as well as in vitro. 
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Title: Neurons in rat retrosplenial cortex are intrinsically heterogeneous in firing type and 
morphology 

Authors: *A. N. NYE1, J. A. TUMA2, J. R. MOYER, Jr.2;  
2Psychology, 1Univ. of Wisconsin Milwaukee, Milwaukee, WI 

Abstract: Retrosplenial cortex plays a vital role in the learning and memory of temporal, spatial, 
and contextual information. Additionally, recent data suggest that retrosplenial cortex is also 
involved in multiple aspects of trace fear conditioning, including memory for the CS, the 
context, and extinction learning. Unfortunately, few studies have investigated the intrinsic 
electrophysiological properties of retrosplenial cortical neurons. In the current study, coronal 
brain slices were prepared from experimentally naïve adult F344 rats. An upright microscope 
equipped with infrared DIC optics was used for visualizing the neuron and patch electrode, and 
whole-cell recordings were made from neurons located throughout different layers of granular 
retrosplenial cortex, also known as Brodman’s area 29. Electrodes included biocytin in order to 
confirm laminar location of neurons, and obtain detailed morphological analyses. Data from 76 
neurons revealed several distinct firing patterns, which included afterdepolarizing (ADP) regular 
spiking, double spiking, late spiking, and fast spiking. ADP-regular spiking neurons fired single 
action potentials with a pronounced afterdepolarization in response to a just-suprathreshold 
current injection. In contrast, double spiking neurons fired a doublet. In response to a just-
suprathreshold current injection, late spiking neurons uniquely delayed their firing until near the 
end of the 1-sec current injection (mean spike latency ~807 ms), as compared to neurons from all 
other firing types (mean spike latency ~403 ms). Further experiments utilizing CNQX (AMPA 
receptor antagonist) and D-AP5 (NMDA receptor antagonist) revealed that the distinct firing 
patterns are intrinsic to the neurons and not due to glutamatergic synaptic input. Initial analyses 
has revealed morphological differences between late spiking neurons and both ADP-regular 
spiking and double spiking neurons. Ongoing experiments are investigating the specific ion 
channels contributing to neuronal firing patterns. These studies will contribute important 
physiological and morphological data and lay the foundation for understanding how retrosplenial 
cortex contributes to learning and memory as well as aging-related learning deficits. Funding: 
NIA grant 
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Title: Essential oil of Ocimum basilicum L and (-)linalool blocks the excitability of rat sciatic 
nerve 

Authors: *F. W. FERREIRA1, A. M. VENANCIO2, K. S. SILVA-ALVES1, H. C. 
PIMENTEL2, M. M. LIMA2, M. F. D. SANTANA2, P. B. ALVES2, G. B. D. SILVA2, J. H. 
LEAL-CARDOSO1, M. MARCHIORO2;  
1State Univ. of Ceará, Fortaleza, Brazil; 2Federal Univ. of Sergipe, Aracaju, Brazil 

Abstract: The racemate linalool and its levogyrus enantiomer, [(-)LIN] are present in many 
essential oils and possess several pharmacological activities, such as antinociceptive and anti-
inflammatory. In this work it was studied the effects of essential oil obtained from the cultivation 
of the Ocimum basilicum (EOOb) derived from Germplasm Bank rich in (-)LIN content in the 
excitability of peripheral nervous system. We used rat sciatic nerve to investigate the EOOb and 
(-)LIN effects on neuron excitability and it was used the extracellular recording technique to 
register the compound action potential (CAP). EOOb and (-)LIN blocked the CAP in a 
concentration-dependent way and these effects were reversible after washout. EOOb blocked 
positive amplitude of 1st and 2nd CAP components with IC50 of 0.38 ± 0.2 and 0.17 ± 0.02 
mg/mL, respectively. For (-)LIN, these values were 0.23 ± 0.07 and 0.13 ± 0.02 mg/mL. Both 
components reduced the conduction velocity of CAP and the 2nd component seems to be more 
affected than 1st component. In conclusion EOOb and (-)LIN inhibited the excitability of 
peripheral nervous system in a similar way and potency, revealing that the effects of EOOb on 
excitability is due to the presence of (-)LIN on the essential oil. 
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Title: Reduced labeling of Perineuronal Nets and decreased Parvalbumin Neurons in the 
Peritumoral Cortex of a Glioma mouse model 

Authors: *B. P. TEWARI1, S. L. CAMPBELL2, H. SONTHEIMER3;  
1Glial Biol. in Health, Dis. and Cancer Ctr., 2Ctr. for Glial Biol. in Health, Disease, and Cancer, 
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Cancer, Virginia Tech. Carilion Res. Inst., Ronaoke, VA 

Abstract: Glioma associated epileptic seizures have been attributed to the imbalance of 
excitatory and inhibitory neurotransmission. Peritumoral niche in the cerebral cortex exhibits 
unique physiological properties including decreased parvalbumin expressing interneurons and 
lower expression of KCC2 leading to abnormally high intracellular chloride thereby rendering 
GABA responses excitatory. Perineuronal nets (PNNs) are specialized extracellular matrix 
structures surrounding parvalbumin expressing interneurons and shown to protect neurons from 
oxidative stress and also possess ion sorting properties. Gliomas secrete matrix metalloproteinase 
which degrade extracellular matrix of brain parenchyma thereby facilitating glioma spread and 
invasion. Using a clinically relevant mouse model of glioma, we studied the changes in PNNs 
and the physiology of parvalbumin expressing interneurons that are associated with PNNs in 
peritumoral cortex. Immunohistochemical staining of PNNs by Wisteria floribunda agglutinin 
(WFA), revealed a progressive degradation of PNNs in the peritumoral region. Moreover, 
parvalbumin expressing interneurons also exhibited progressive decrease in numbers. 
Electrophysiological recordings of the remaining parvalbumin interneurons that are associated 
with PNNs exhibited significantly lower action potential firing rates compared to that of 
contralateral hemisphere. Neurons which were not associated with PNNs in the same peritumoral 
area, showed higher firing rates compared to that of contralateral hemisphere. Overall our results 
suggest that the alteration of peritumoral PNNs and the firing properties of their associated 
parvalbumin expressing interneurons is a potential mechanism that could contribute to 
decreasing inhibitory neurotransmission in peritumoral hyperexcitability. 
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Title: Cholinergic-dependent intrinsic homeostatic plasticity in a subset of CA3 neurons 

Authors: *C. J. PUHL, W. WEFELMEYER, J. BURRONE;  
Ctr. for Developmental Neurobio., King's Col. London, London, United Kingdom 

Abstract: Neurons respond to long-lasting perturbations of activity by adjusting their properties 
to stabilise their firing. In the hippocampus modulatory signals induce oscillations that 
drastically alter the ongoing activity in the network. 
Here, we studied how increases in network activity induced by activation of cholinergic 
pathways modulate the intrinsic firing properties of hippocampal neurons. 
Acute treatment of rat organotypic hippocampal slices with carbachol (CCh), an acetylcholine 
receptor agonist, led to long-lasting gamma oscillatory behaviour observed in population spike 
recordings of CA3 pyramidal neurons. After long-term (48hrs) treatment with CCh, whole-cell 
patch-clamp recordings revealed two different populations with strikingly different response 
properties. Whereas most (70%) of CA3 cells showed no changes in intrinsic excitability, a 
subset of cells (30%) showed a dramatic reduction in excitability, characterised by only firing 
single action potentials in response to 500ms current injections and a large decrease in their 
input-output curve. We also observed a decrease in input resistance (175.51±16.91 MΩ in 
control to 122.65±9.83 MΩ in single spiking; p=0.0164)., as well as an increase in current 
density threshold (from 1.63±0.27 pA/pF to 3.88±0.45 pA/pF in single-spiking neurons; 
p=0.0003) . Pharmacological blockade of the Kv7/M-current normalised their input resistance 
and allowed these neurons to fire repetitively, in a manner similar to control cells. We are 
currently characterising the dendritic morphology of this subset of cells and testing the idea that 
long-term plasticity of Kv7 channels may be responsible for this form of hyperadaptation in CA3 
neurons. 
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Abstract: Despite thousands of studies characterizing electrophysiological diversity of cell types 
throughout the brain, the relationship between neuronal biophysics and gene expression remains 
poorly understood. Here, by combining databases on neuron type specific transcriptomics and 
electrophysiology (neuroexpresso.org and neuroelectro.org), we present a proof-of-concept 
approach for relating brain-wide electrophysiological diversity to gene expression. Specifically, 
we identified 865 genes whose expression levels were significantly correlated with neuronal 
phenotypic diversity (FDR < 0.1); for example, Hcn3, Gabrd, and Mef2a correlated with resting 
potential, and Nkain1, Calb2, and Kcnab1 correlated with input resistance. Moreover, the 
majority of these gene-electrophysiology correlations (76%) replicated using an independent 
Allen Institute dataset on single cell RNAseq and electrophysiology (celltypes.brain-map.org). In 
ongoing work, we are validating whether these gene-electrophysiology correlations reflect true 
causal relationships, in part, by assessing the consistency of these correlations using previous 
literature on gene knockout models and ion channel specific pharmacology. 
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Title: Long-term modulation of excitability by NMDA receptor signaling in cerebellar stellate 
cells 

Authors: *R. ALEXANDER, D. BOWIE;  
McGill Univ., Montreal, QC, Canada 

Abstract: The action potential (AP) is a fundamental signaling unit used by neurons to 
communicate across distance. The AP is generated by a complex interplay of several voltage-
gated ion channel families, including Na+ and K+ channels, which determine the threshold and 
frequency of firing rates. We have observed a long-term increase in cerebellar stellate cell 
excitability by signaling of NMDA receptors that modulates both Na+ and K+ channel activity. 
Local application of NMDA induced a persistent increase in spontaneous action current 
frequency during cell-attached electrophysiological recordings. During whole-cell current clamp 
recordings stellate cells exhibited a time-dependent increase in evoked AP frequency and 
hyperpolarization of spike threshold, both of which were eliminated by pharmacological block of 
CaMKII. Voltage clamp experiments revealed that CaMKII inhibition eliminates the 
development of a putative TTX-resistant Na+ current as well as an outward K+ current. Our 
work provides insight into the role of NMDAR-dependent signaling in regulating inhibitory 
neuronal circuits of the cerebellum. 
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Abstract: The Ventral Tegmental Area is an important midbrain nucleus containing dopamine 
(DA) neurons that project to and receive projections from a variety of cortical and sub-cortical 
targets implicated in mediating a range of complex behavioral responses. Recently, cannabinoid 
receptor 2 has been isolated in neural tissue and functionally identified within the VTA, where it 
influences DA neuron firing activity. The CB2 receptor is a G-Protein coupled receptor bound to 



internal Gi/o elements that can alter cellular excitability through modifications in potassium 
conductance and changes to intracellular calcium permeability and release. The endogenous 
ligands for CB2 act in a retrograde fashion upon presynaptic terminals that synapse on either 
GABAergic or DA neurons of the VTA. This retrograde signaling behaves primarily as a 
localized inhibitory mediator of cellular excitability through presynaptic attenuation in an input 
dependent fashion. The distribution of CB2 proteins within the VTA is currently not well known, 
but it is thought that these receptors are not homogeneous across synapses and instead are lightly 
spread across very specific subregions corresponding to particular neuronal microcircuits. In this 
study, we examined extracellular potentials recorded from the VTA using planar microelectrode 
arrays in acute slices prepared from C57BL/6J mice and corresponding CB2 knockout mice. The 
potentials recorded at a total of 64 sites spread across the entirety of the VTA were analyzed for 
local field potential content as well as single-unit spiking activity. Signal processing was 
performed offline and a differential threshold method was applied to identify spike events 
followed by a clustering algorithm, which analyzed waveform structure using principal 
components. This method allows for the identification of spike source neurons with high levels 
of certainty in order to characterize particular neuronal phenotypes across channels and across 
slices. Changes in the local field potential oscillation and spiking activity were observed between 
C57 and KO animals with perfusion of 1 micro molar carbachol to elicit higher baseline firing 
rates. In addition, JWH-133 and AM-630, CB2 receptor specific agonist and antagonist 
respectively, were applied to the bath in order to characterize effects of CB2 receptor activation 
on the spatial activity pattern recorded across the 8x8 grid of electrodes in the planar array. As 
expected, variations in power spectra and bursting characteristics were observed across medial as 
compared to lateral regions of the VTA indicating distinct populations of neurons that respond in 
a unique manner to CB2 modulation. 
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Authors: *J. F. STORM, R. MURPHY, P. MATEOS-APARICIO;  
Univ. of Oslo, Oslo, Norway 

Abstract: Axons are equipped with Kv7/KCNQ/M potassium channels whose main function 
remains unknown. Here we propose that they perform high-pass filtering of depolarizing plateau 
potentials originating in dendrites and soma, to prevent inactivation of axonal Na+ channels, thus 
promoting efficient axonal generation and propagation of full amplitude spikes throughout 
plateau depolarizations.Using patch clamp recordings from distal mossy fiber boutons (MFBs) in 
rat hippocampal slices, and the Kv7/M channel blocker XE991, we have confirmed (Alle..Storm, 
SfN Abst 42.2, 2009) that these axon terminals have a large Kv7/M-current (IM) that causes local 
resonant filtering of subthreshold signals in the theta frequency range, affects summation of 
subthreshold synaptic potentials (“EPreSPS”; Alle & Geiger, Science 2006) and generates a 
“medium after-hyperpolarization” (mAHP), but contributes almost nothing to spike 
repolarization. Computational modelling reproduced these results and showed that the axonal IM 
can also perform resonant filtering of subthreshold signals during propagation from soma to 
terminals; but this is weak except when the axon is depolarized. Long-lasting somatic plateau 
depolarizations activated the axonal IM, which then strongly attenuated the depolarizations, 
preventing it from spreading along the axon, promoting axonal spikes during the plateau, by 
preventing Na+ channel inactivation. (Apostolides et al., Neuron 2016, found that axonal K+ 
channels can do this.) Our model showed that the voltage-dependence and slow kinetics of IM 
makes it ideally suited for such high-pass filtering. 
Acetyl choline (ACh) can suppress IM and is essential for cortex and forebrain activation during 
conscious wakefulness and REM sleep. ACh promotes somato-dendritic depolarizing plateaus by 
suppressing K+ currents, including IM, and enhancing inward currents. But if IM is suppressed 
also in the axon, it cannot perform its high-pass filtering function during cholinergic plateaus. 
Hence, we hypothesize that the distal axonal IM is resistant to cholinergic modulation. Indeed, 
our patch clamp recordings from distal MFBs showed that the axonal IM was resistant to both 
muscarine (n=4) and oxotremorine (n=4) that block the somatic IM. 
We conclude that the axonal Kv7/M-current (IM) perform filtering of depolarizing plateau 
potentials originating in dendrites and soma, thus promoting efficient axonal spike generation 
and propagation throughout the depolarizations, and that this function is maintained during 
cholinergic activation, thus presumably during conscious wakefulness. We propose that this is 
the main function of the axonal Kv7/M-current. 
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Title: The role of Cav3.2 Ca2+ channels in influencing Layer II Medial Entorhinal Cortex stellate 
cell activity along the dorsal-ventral gradient. 

Authors: *A. P. TOPCZEWSKA1, A. C. DOLPHIN2, M. M. SHAH1;  
1Sch. of Pharm., 2Neurosci. Physiol. and Pharmacol., UCL, London, United Kingdom 

Abstract: Layer II (LII) Medial Entorhinal Cortex (MEC) stellate cell (SC) intrinsic membrane 
properties vary along the MEC dorso-ventral axis. This has been attributed partly to altered HCN 
and K+ conductances1,2. The subthreshold active T-type CaV3.2 Ca2+ channels, though, are also 
expressed in the MEC3. CaV3.2 channels are known to influence neuronal excitability but their 
effects on the dorsal and ventral LII MEC SC properties remain unknown. To investigate this, 
we obtained acute entorhinal-hippocampal parasagital slices from CaV3.2 wildtype (CaV3.2+/+) 
and null (CaV3.2-/-) 5-8 week old mice and made electrophysiological recordings from dorsal and 
ventral LII MEC SC. CaV3.2-/- ventral neurons displayed significantly reduced input resistance 
but had little difference in resting membrane potential compared with CaV3.2+/+ ventral neurons. 
Consequently, depolarizing steps generated fewer action potentials in CaV3.2-/- ventral SC than in 
their wildtype littermates. In contrast, dorsal CaV3.2-/- and CaV3.2+/+ SC properties were similar. 
The Cav3 inhibitors, NiCl2 (50 µM) and TTA-P2 (100 nM), also significantly reduced input 
resistance and excitability in CaV3.2+/+ ventral neurons, whilst having little effect on CaV3.2+/+ 
dorsal or CaV3.2-/- neurons. Our results suggest that Cav3.2 channels selectively affect the LII 
MEC ventral SC characteristics, thereby contributing to the intrinsic membrane gradient across 
the MEC dorsal-ventral axis. 
References: 
1. Garden, D.L. et al., Neuron, 60, 875-889, 2008. 
2.Giocomo, L.M. & Hasselmo, M.E., J. Neurosci., 28, 9414-25, 2008. 
3.Huang, Z. et al., Nat Neurosci, 14, 478-486, 2011. 

Disclosures:  A.P. Topczewska: None. A.C. Dolphin: None. M.M. Shah: None. 



Poster 

590. Modulation of Neuronal Firing Properties I 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 590.12/F48 

Topic: B.09. Intrinsic Membrane Properties 

Title: The intracellular calcium release from ryanodine channels controls action potential 
properties 

Authors: L. ARTINIAN1, H. GHABEL2, L. ZHONG3, S. ESTES1, G. CYMBALYUK2, *V. 
REHDER3;  
1Biol., 2Neurosci. Inst., 3Georgia State Univ., Atlanta, GA 

Abstract: Spontaneous spiking activity plays critical roles in the function of many neurons and 
neuronal networks. The activities of several ion channels provide sub-threshold currents and 
drive repetitive spiking. Helisoma trivolvis buccal ganglia B5 neurons are tonically spiking 
neurons in situ and in single cell culture. Here we demonstrated that the tonic spiking activity of 
these neurons requires two major ionic currents, namely a persistent Na current (INap) and a 
hyperpolarization-activated current (Ih).Both, INap and Ih, and thus the spontaneously spiking 
activity of B5 neurons, were found to be under the control of calcium release from ryanodine 
receptors (RyR-CR), because the inhibition of RyR-CR significantly reduced INap and Ih and 
silenced these neurons. Evoked spiking activity was affected by the reduction of INap and Ih in 
response to inhibition of RyR-CR as well. Our experimental data showed that the inhibition of Ih, 
INap, and RyR-CR narrowed action potential (AP) width. The mechanism of how the inhibition of 
INap and Ih resulted in a decrease in AP’s width was provided by mathematical modeling of 
spontaneous spiking activity. This model implicates an increase in interspike interval that 
inactivates Ca currents contributing to the width of APs. Taken together, our findings highlight 
the importance of RyR-CR in setting neuronal spiking activity via upregulation of the inward 
currents, INap and Ih and, in turn, the regulation of the intracellular calcium concentration via 
modulation of AP width. 

Disclosures:  L. Artinian: None. H. Ghabel: None. L. Zhong: None. S. Estes: None. G. 
Cymbalyuk: None. V. Rehder: None. 



Poster 

590. Modulation of Neuronal Firing Properties I 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 590.13/F49 

Topic: B.09. Intrinsic Membrane Properties 

Support: INSPIRE Fellowship 

 Wellcome Trust-DBT India Alliance 

Title: Role of slow temporal dynamics in reliability of stochastically driven neurons 

Authors: *S. S. MOKASHE, S. NADKARNI;  
Dept. of Biol., Indian Inst. of Sci. Educ. and Res., Pune, India 

Abstract: Mutually inhibiting neurons is a common motif across many systems like 
Hippocampus, CPGs(Central Pattern Generators) and Olfaction. Their synaptic interaction 
ensures that they show alternating activity. The frequency of switching from an active to a 
quiescent period is a function of the biophysical properties of ion channels present in the 
neurons, synaptic interaction timescales, network properties, the stimulus and possibly channel 
fluctuations from small number of channels. Switching allows neurons to associate with different 
networks and coordinate patterns of activity that may be relevant for function. The frequency of 
switching dictates the sequential order of activity of neurons required for locomotion, for 
example in Lamprey. In this context, reliable switching might be a critical functional 
requirement. How do networks of mutually inhibiting neurons, a simple most functional module 
of switching, achieve this reliability despite a noisy framework and environment? We have 
developed a conductance based model of two mutually inhibiting neurons wherein inherent 
switching takes place via a potassium current, sAHP that is triggered by calcium ions. We 
investigate the role of slow buildup time scales associated with sAHP current in integrating 
calcium signal generated by stochastic opening of mediated by Voltage Dependent Calcium 
Channels(VGCCs). Furthermore we systematically study the effect of various sources of noise 
including channel conductance noise, synaptic noise and input noise on switching and robust 
generation of sequences.Our results show that switching frequency can be tuned with noise 
amplitude. Separately, there exists an optimal regime of noise where coefficient of variance of 
the inter-burst interval (IBI) is lowest, indicating precise switching. Our understanding on the 
effects of various sources of noise in this illustrative network motif is likely to be applicable to a 
wide variety of systems. 
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Title: A novel role for very long chain fatty acids in brain function 
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Abstract: Purpose: ELOngation of Very Long chain fatty acids-4 (ELOVL4) is an elongase 
responsible for biosynthesis of very long chain (VLC; ≥C28) fatty acids; it makes VLC 
polyunsaturated fatty acids (VLC-PUFA) in retina and testes, and VLC saturated fatty acids 
(VLC-SFA) in skin and brain. A 2011 case study linked homozygous inheritance of the 
Stargardt’s (STGD3) mutation in ELOVL4 with a central nervous system (CNS) phenotype in 
humans, including seizures, intellectual disability, spastic quadriplegia and death. We 
hypothesize that ELOVL4-synthesized VLC-SFA play an essential role in neural cell structure 
and function. Methods: We generated a successful animal model for STGD3/STGD3 inheritance 
(-/-). ELOVL4 localization within the CNS was determined in wild type mice (+/+) using 
immunofluorescence (IF) microscopy. Hippocampal lipids were analyzed by triple quadrupole 
mass spectrometry. Synaptic membrane fractionation was performed on baboon hippocampus for 
lipid analysis. Positron emission tomography (PET) was used to assess CNS uptake of 
fluorodeoxyglucose (FDG) in (-/-) mice. HPLC was used to assess intermediary metabolism in (-
/-) mice. Hippocampal slices from (+/+) and (-/-) mice were subjected to spontaneous multi-



electrode array (MEA) recordings. Primary neuronal cultures from hippocampus of (+/+) and (-/-
) mice were subjected to FM1-43 assessment of synaptic vesicle exocytosis rates. Results: Our 
STGD3/STGD3 mice recapitulate the human phenotype, developing seizures at P19 followed by 
death at P21. IF showed highest immunoreactivity in hippocampus. Hippocampal lipidomic 
analysis of (+/+) mice confirmed the presence of 28:0/30:0 in sphingolipids. Membrane 
fractionation of baboon hippocampus revealed enrichment of 28:0/30:0, but not VLC-PUFA, in 
synaptic vesicle membranes. PET imaging revealed a 3-fold increase in the amount of FDG 
uptake into the CNS of (-/-) mice. Metabolomic analysis revealed a significant increase in brain 
ATP levels in (-/-) mice. MEA recordings showed a significant increase in the amplitude and 
decrease in the inter-spike interval of action potentials in (-/-) vs (+/+) hippocampal slices. FM1-
43 studies showed a significant increase in synaptic vesicle exocytosis rates in (-/-) vs (+/+) 
primary hippocampal neurons. Conclusions: This is the first study to demonstrate mutations in 
Elovl4 causing a CNS phenotype in an animal model. The described studies suggest a neuron-
specific role for VLC-SFA in the regulation of pre-synaptic synaptic function by impacting the 
rate of synaptic vesicle release. 

Disclosures:  B.R. Hopiavouri: None. M. Agbaga: None. J. Wilkerson: None. R. Brush: 
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Title: Optimizing synaptic inputs for phasic dopamine transients 



Authors: *E. MOROZOVA1, M. MYROSHNYCHENKO2, D. ZAKHAROV3, M. DI VOLO4, 
B. GUTKIN4, C. C. LAPISH5, A. KUZNETSOV5;  
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Abstract: Dopamine (DA) neurons play a central role in guiding motivated behaviors. However, 
complete understanding of computations these neurons perform to encode rewarding and salient 
stimuli is still forthcoming. Intrinsic properties of the neurons determine the neuron’s response to 
stimuli, its synchronization properties and the computations it performs in the brain. We 
investigated the dynamical mechanisms underlying the excitability type of DA neurons and its 
regulation by synaptic currents using a biophysical model. We concentrated primarily on the 
influence of GABA input, considering that a substantial proportion of the synaptic drive to DA 
neurons comes from GABA neurons. Particularly, we considered the DA neuron excitability 
type, its dependence on the tonic coactivation of GABA with NMDA or AMPA receptors, and 
the effect of temporal organization of GABA inputs on the dynamics of DA neuron firing. DA 
neurons can switch from type I excitability to type II depending on the conductance composition. 
During balanced activation of GABAR and NMDAR, DA neurons exhibit low frequency tonic 
firing and type I excitability, whereas activation of AMPAR or elevation of GABAR reversal 
potential switches it to type II. Type I excitability might be important for achieving low basal 
DA concentration necessary for normal brain functioning and is perfect for calculation of reward 
prediction error, as type I neurons are best suited for coding stimulus intensity. Switching to type 
II excitability, however, enables robust transient DA release, partially due to evoked DA 
population synchrony in response to correlated inputs. Our investigations have revealed that the 
firing pattern of the DA neuron depends on the level of synchronization among GABA neurons. 
Synchronous GABA input enables an increase in DA neuron firing and bursting. Distinct from 
previous mechanisms, the increases were not based on lowered GABA firing rate or weaker 
hyperpolarization by the GABAR current. A mechanism of GABA-mediated increases in firing 
is based on a dynamical reduction the Ca2+ -dependent K+ currents. The biological relevance of 
predictions made by our model was validated by calculating cross-correlograms between pairs of 
simultaneously recorded putative VTA GABA neurons. We observed a large number of pairs (76 
out of 197) that exhibit millisecond timescale synchrony, which is, according to our modeling 
results, more than necessary to achieve an increase in DA burstiness. Our results provide 
mechanistic understanding of the diverse mechanisms whereby GABA inputs regulate DA 
neuron burst firing. 

Disclosures:  E. Morozova: None. M. Myroshnychenko: None. D. Zakharov: None. M. di 
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Title: Bi-stable states allow neurons to generate highly irregular spike trains with weakly 
fluctuated inputs. 

Authors: *R. HOSAKA;  
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Abstract: The irregular firing of a cortical neuron is thought to result from a highly fluctuating 
drive that is generated by the balance of excitatory and inhibitory synaptic inputs. A previous 
study reported strange responses of the Hodgkin-Huxley neuron to the fluctuated inputs where an 
irregularity of spike trains is inversely proportional to an input irregularity. In the current study, 
we investigated the origin of these strange responses with the Hindmarsh-Rose neuron model, 
map-based models, and a simple mixture of interspike interval distributions. First, we specified 
the parameter regions for the bifurcations in the Hindmarsh-Rose model and confirmed that the 
model reproduced the strange responses in the dynamics of the saddle-node and subcritical Hopf 
bifurcations. For both bifurcations, the Hindmarsh-Rose model shows bistability in the resting 
state and repetitive firing state, which indicated that the bistability was the origin of the strange 
input-output relationship. Similarly, the map-based model that contained bistability reproduced 
the strange responses, while the model without bistability did not. These results were supported 
by additional findings that the strange responses were reproduced by mimicking the bistable 
firing with a mixture of two different interspike interval distributions. Decorrelation of spike 
trains is important for neural information processing. For such spike train decorrelation, irregular 
firing is key. Our results indicated that irregular firing can emerge from fluctuating drives, even 
weak ones, under conditions involving bistability. The strange responses therefore contribute to 
efficient processing in the brain. 
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Title: STIM1 and neuronal excitability important for cerebellum-dependent learning 
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Abstract: The dynamics of Ca2+ between the cytosol and intracellular stores has been considered 
as an important process for cellular mechanisms of learning and memory. Stromal interaction 
molecule 1 (STIM1) plays a pivotal role in maintaining Ca2+ store. However, its function in these 
mechanisms, including synaptic plasticity and neuronal excitability, remains obscure. Here, by 
using cerebellar Purkinje neuron-specific STIM1 knockout (STIM1PKO) mice, we identify that 
STIM1-mediated Ca2+ dynamics contributes to the excitability of Purkinje neurons and 
cerebellum-dependent memory. Firing activity of STIM1-deleted Purkinje neurons is reduced 
with strengthened spike frequency adaptation, while their long-term synaptic plasticity is not 
affected. In cerebellum-dependent motor learning, STIM1PKO mice show impaired memory 
consolidation without defects in memory acquisition. Our findings suggest that the neuronal 
excitability regulated by STIM1 enables Purkinje neurons to transfer neuronal information 
properly for persistent memory. 
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Abstract: The prefrontal cortex is a highly evolved brain region that is responsible for directing 
higher order cognitive functions ranging from decision making to social cognition. Patients with 
schizophrenia exhibit marked deficits in prefrontal-dependent tasks such as working memory and 
rule shifting and also have alterations in a specific subtype of inhibitory interneuron in this 
region. Indeed, restoring the function of these fast-spiking interneurons (FSIs) can rescue 
behavioral deficits in mice that model aspects of this disease (Cho et al., 2015). 
Most second-generation antipsychotic drugs target the neuromodulator serotonin (5HT) with 
high affinity. However, the effect of 5HT on fast-spiking interneurons in prefrontal cortex and 
how this might influence cortical information processing at the cellular and network levels 
and/or affect cognition is unknown. 
Here, we use patch-clamp electrophysiology and optogenetics to demonstrate that 5HT acts on 
5HT2A receptors to increase the intrinsic excitability and responses to input in FSIs by closing 
leak potassium channels. Further, we explore how serotonergic modulation of FSIs can influence 
synaptic integration and network oscillations. These findings can broadly inform our 
understanding of the role of neuromodulation in prefrontal function, and may provide insight into 
the etiology of schizophrenia as well as potential new avenues for rescuing prefrontal 
dysfunction in this disorder. 
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Abstract: While all brain regions respond transiently to synaptic input, some brain circuits also 
generate long-lasting firing epochs following stimulation. The cellular mechanisms governing 
the dynamics of these persistent responses are not well understood. We examined this question 
using whole-cell patch clamp recording in rat temporal association neocortical slices exposed to 
low (2 µM) carbachol (CCh), a cholinergic receptor agonist previously demonstrated to promote 
persistent firing in a variety of cortical brain regions. We find evidence for multiple calcium-
sensitive mechanisms regulating persistent activity. Chelating intracellular calcium ion with 10 
mM 1,2-bis(o-aminophenoxy)ethane-N,N,N’,N’-tetraacetic acid (BAPTA) abolished persistent 
firing evoked by depolarizing step stimuli in regular spiking layer 5 pyramidal cells (PCs; N=6), 
likely reflecting a role for a prolonged calcium-sensitive depolarization underlying persistent 
spiking. However, the frequency of persistent firing was not maximal immediately following 
depolarizing step stimuli, when intracellular calcium concentration was likely maximal. Instead, 
the firing rate slowly increased over 22.6 sec (N=7). Increasing extracellular calcium levels from 
2.5 to 4 mM decreased persistent firing frequency by 36%, measured 10 sec following offset of 
triggering depolarizing step (N=5). Both the slow ramp-up in persistent firing frequency and the 
inhibitory effect of enhanced calcium influx likely reflect critical roles for calcium-activated 
inhibitory conductances in modulating persistent firing. Consistent with this hypothesis, we 
found that bath application of the SK channel activator (NS309) decreased the duration of 
persistent firing following depolarizing step stimuli. With only CCh, 71% of regular spiking 
layer 5 PCs generated persistent responses that lasted at least 30 sec; the remaining 29% of 
recordings failed to generate any persistent activity. With SK currents enhanced with NS309, 
persistent firing spontaneously terminated before 30 sec in most (11/18) recordings. The duration 
of self-terminating persistent firing was graded with the degree of SK activation (2250 ms with 1 
µM, N=5; 10700 ms with 0.5 µM NS309, N=6). These results suggest that the duration of 
persistent spiking responses can be modulating by calcium-activated potassium currents. Using 
this mechanism, individual neurons could regulate their calcium-sensitive responses to reliably 
encode different types of information over diverse timescales. 
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Title: Direct leptin action on hippocampal neuron excitability and behavioral responses 
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Abstract: We have previously shown that leptin target neurons within the hippocampus are 
largely restricted to the granule cell layer of the dentate gyrus (DG) and constitute a small 
percentage of DG granule cells that represent a subpopulation devoid of stress-induced activation 
(Wang et al., 2015, Mol. Psychiatry 20:509-19). Despite prior reports demonstrating leptin 
effects on excitability of hippocampal neurons, evidence is lacking for the direct effect of leptin 
on its target neurons. To determine whether leptin directly influences excitability of its target 
neurons expressing the leptin receptor (LepRb), we utilized the LeprCre:tdTomato reporter mice 
that allowed us to precisely identify LepRb-expressing neurons. Whole-cell patch-clamp 
recordings were made from acute hippocampal slices of LeprCre:tdTomato reporter mice. We 
found that leptin decreased intrinsic excitability of DG LepRb-expressing granule cells. The 
rheobase was increased, and the firing rate of action potentials was decreased by leptin. 
Furthermore, we examined whether selective inhibition of LepRb neurons in the DG affects 
depressive-like behaviors. AAV-DIO-hM4D(Gi)-mCherry (DREADD) was injected into the DG 
of Lepr-Cre transgenic mice, in which LepRb neurons specifically expressed hM4Di. We found 
that inhibition of DG LepRb neurons with DREADD induced antidepressant-like effects without 
affecting locomotor activity, consistent with the behavioral effects of intra-DG infusion of leptin. 
These results suggest that leptin induces direct inhibition of DG granule neurons and inhibition 
of DG leptin target neurons leads to antidepressant-like responses. 
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Title: Melatonin decreases neuronal excitability in a sub-population of DRG neurons in Wistar 
rats 

Authors: K. OLIVEIRA-ABREU1, K. S. SILVA-ALVES1, F. W. FERREIRA-DA-SILVA1, N. 
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Abstract: Melatonin is a neurohormone mainly produced and secreted at night by the pineal 
gland. In the central nervous system, it has many effects related to physiological and pathological 
processes, such as circadian regulation, neuroprotection, antinociception and antioxidant 
activities. However, physiological effects of melatonin on the peripheral nervous system (PNS) 
remain poorly understood. Thus, this study investigated the effects of melatonin on excitability 
of a neuronal subpopulation (N0 neurons) of intact dorsal root ganglion (DRG) from rats using 
intracellular recording technique in current clamp mode. Male Wistar rats were kept on a 12:12 h 
light/dark cycle with food and water available ad libitum. All animals used for 
electrophysiological experiments were sacrificed at Zeitgeber Time (ZT) 3 (lights-on at 06:00 h). 
Melatonin blocked the generation of action potentials (AP) in a concentration-dependent manner: 
1 nM melatonin blocked AP generation in only one of 15 DRG neurons (6.6%). At 
concentrations of 10, 100 and 1000 nM, this blockade was 21.4% (6/28), 24% (6/25) and 30% 
(9/30), respectively. In neurons in which melatonin did not block the AP, there was an increase 
in rheobase. A hyperpolarizing effect of resting potential (Em) was observed in these neurons. 
The magnitude of Em hyperpolarization for melatonin at 10, 100 and 1000 nM was -1.70, -1.73 
and -2.61 mV, respectively. Both 10 and 100 nM melatonin increased input resistance (Rin) 

values from 16.98 ± 2.33 to 27.54 ± 3.79 MΩ (10 nM; n = 22) and 14.13 ± 1.50 to 28.18 ± 3.73 
MΩ (100 nM; n = 19). Additionally, melatonin significantly increased the peak AP amplitude 
and the maximal rate of both depolarization and repolarization. To determine the signal 
transduction pathway for melatonin in DRG neurons, qPCR analyses were performed for the 



melatonin receptors MT1 and MT2. It was observed that DRG neurons express only MT1 and that 
receptor expression peaks at ZT3. In conclusion, melatonin reduces excitability of N0 DRG 
neurons in a concentration-dependent manner probably through the MT1 receptor. These type of 
neurons conveys information about mechanoception but also nociception information. Thus, 
excitability inhibition promoted by melatonin could act as a relevant mechanism of control of 
PNS. 

Disclosures:  K. Oliveira-Abreu: None. K.S. Silva-Alves: None. F.W. Ferreira-da-Silva: 
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Title: Attempts to measure calcium currents in substantia nigra dopaminergic neurons 
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Abstract: Midbrain dopaminergic (DA) neurons are categorized in three groups: the retrorubral 
area, the ventral tegmental area (VTA) and the substantia nigra pars compacta (SNpc). 
Morphologically, these groups are associated with two systems: the nigrostriatal pathway, which 
is mainly build by projections of the SNpc neurons and the mesocorticolimbic system, which 
arises primarily from the VTA neurons. Historically, the nigrostriatal pathway has been 
associated with the modulation of motor functions, while the mesocorticolimbic system was 
thought to be involved in motivation, reinforcement and reward-seeking behaviors. However, it 
becomes increasingly clear that SNpc and VTA neurons have overlapping projections and that 



all three DA neuron subpopulation contribute to reward-related behaviors. 
DA neurons are autonomous pacemakers. Synaptically isolated, they generate action potentials 
with a constant, very regular frequency. In vivo, this regular firing can be modulated by synaptic 
input leading to a burst firing pattern and a hyperpolarized, non-firing state. The resulting firing 
patterns determine the DA release in the projection areas and are correlated with the prediction 
and detection of rewards. 
In SNpc neurons the autonomous pacemaking depends critically on the precise control of 
intracellular calcium dynamics. The calcium influx that is necessary to mediate pacemaking is 
thought to be generated by orchestrated activation of several voltage-activated calcium channels 
with specific functional properties. Especially L-type calcium channels are thought to mediate a 
substantial part of the calcium influx present during the pacemaker activity, because these 
channels are known to activate at sub-threshold membrane potentials. However, direct, 
quantitative and stable measurements of the voltage-activated calcium currents have been 
challenging due to 1) imperfect voltage control due to the complex morphology of SNpc 
neurons, 2) the presence of large outward current and 3) a rapid wash-out of the calcium 
currents. While the mean peak amplitudes typically reached -2.0 +/- 0.2 nA at the beginning of 
whole-cell patch clamp recordings in acute adult brain slice preparations, these calcium currents 
ran down within several minutes. Therefore, we aim to improve the recordings by optimizing the 
extra- and intracellular solution used for whole-cell measurements, and/or by combining several 
approaches including perforated patch clamp recordings and discontinuous single electrode 
voltage clamp. 
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Abstract: Hippocampal gamma oscillation is reported to be associated with cognitive functions, 
and accumulating evidence suggest that deficit of gamma oscillation is related to cognitive 



impairment in Alzheimer’s disease (AD). Recent studies suggest that post-translational 
modification of histone protein via acetylation is a fundamental molecular mechanism for 
regulation of synaptic plasticity and memory formation. However, little is known about roles for 
histone acetylation in the hippocampal gamma oscillation. In this study, we investigated whether 
histone acetylation regulate kainate-induced gamma oscillation and its important regulator, fast-
spiking interneurons, by using acute hippocampal slices of AD model mice (PSAPP transgenic 
mice). We found that deficits of kainate-induced gamma oscillation in PSAPP mice, and 
application of Donepezil, a clinically used drug for AD treatment, recovered the gamma 
oscillation. We demonstrated for the first time that histone deacetylase (HDAC) inhibitor 
suberoylanilide hydroxamic acid (SAHA) elevated the gamma oscillation level, and the effect of 
SAHA was accompanied with the elevation of histone H3 and H4 acetylation. The effects of 
SAHA on the gamma oscillation and histone acetylation were abolished by co-application of 
histone acetyltransferase (HAT) inhibitor C646, showing that histone acetylation is a key 
mechanism for regulation of gamma oscillation by SAHA. To further investigate the 
mechanisms underlying the reduction of gamma oscillation in PSAPP mice and its rescue 
following treatment of SAHA, we evaluated function of fast spiking interneurons, which were 
reported to mainly regulate gamma oscillation. We found impairments of both synapse-
dependent and independent activity of fast spiking interneurons in PSAPP mice; the former 
being depolarized resting membrane potentials and increased spontaneous firing frequency and 
the latter being impaired intrinsic and kainate-induced excitability. Interestingly, SAHA and 
donepezil, both which improved reduction of gamma oscillation in PSAPP mice, differently 
rescued impairments in fast spiking interneurons. SAHA rescued both synapse-dependent and 
independent dysfunction by restoring spontaneous firing activity and intrinsic and kainate-
induced excitability of fast spiking interneurons. By contrast, donepezil rescued only synapse-
dependent dysfunction by restoring spontaneous firing activity. These results have indicated a 
novel mechanism that HDAC inhibition improved impairment of gamma oscillation in PSAPP 
mice by restoring synapse-dependent and independent dysfunction of fast spiking interneuron as 
pathological mechanism of AD. 
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Title: Maintaining neuronal properties during growth with local and global homeostatic 
regulation 

Authors: *H. GURNANI1, T. O'LEARY2, E. MARDER3;  
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Abstract: Neurons in the pacemaker circuit of the crustacean pyloric rhythm can maintain 
similar bursting rhythms despite morphological growth (Bucher et al 2005). However, intrinsic 
and synaptic properties, membrane resistance and capacitance, as well as calcium dynamics 
change dramatically as neurons grow and dendritic trees elaborate. How can neurons maintain 
ongoing activity in spite of these perturbations? Using computational modelling, we show that 
biologically plausible activity-dependent feedback can maintain bursting rhythms in growing 
neurons. We first explored a global regulation model in which calcium homeostasis is 
maintained through activity-dependent plasticity of ionic conductances. Although the model 
maintained calcium homeostasis and generated steady state bursting rhythms, different-sized 
single compartment geometries resulted in variable burst period and duty cycle. We then 
modified the regulation scheme by introducing local activity-dependent protein translation and 
degradation in dendritic compartment, along with global transcriptional regulation at the soma. 
This allowed geometries of varying surface area develop steady state bursting rhythms with 
similar burst period and duty cycle. Interestingly, geometries beyond a critical neuronal size 
were able to maintain steady state bursting, suggesting an asymmetry in the emergence of 
activity homeostasis with varying neuronal size. To further test of the regulation model, we 
implemented it in large-scale, morphologically realistic, reconstructed Stomatogastric Ganglion 
neuron models and modeled neuron growth. We first constructed morphologies at intermediate 
stages of branching by removing higher order dendrites. We observed that morphologies beyond 
a certain stage of branching developed similar steady state bursting under local regulation of 
different conductances, despite significant increase in dendritic area. Finally, in a model of 
continuous isometric growth, the rhythm stabilized when the morphologies reached 30-40% of 
their full size and the burst period was maintained through constant evolution of the 
conductances while the morphology continued to grow. These results show how the development 
and maintenance of activity patterns during neuronal growth can be achieved by a combination 
of global and local activity-dependent processes and indicate the existence of critical phases of 
growth where stable activity emerges. 

Disclosures:  H. Gurnani: None. T. O'Leary: None. E. Marder: None. 



Poster 

590. Modulation of Neuronal Firing Properties I 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 590.25/G7 

Topic: B.09. Intrinsic Membrane Properties 

Support: Joint Research Program between JSPS and CNRS 

Title: Ectopic spike firings of the hippocampal mossy fibers by application of kainate to the 
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Abstract: Spike initiation at the proximal part of the axon, usually at the axon initial segment 
(AIS), is supported by the high excitability due to dense expression of voltage-gated sodium 
channels in the proximal axons. Robust directional propagation of axonal spikes from AIS to the 
distal axons and the terminals are well preserved for orthodromic conduction in the physiological 
conditions. However, in particular pathological conditions such as epilepsy, it has been 
suggested that ectopic spikes are generated at the distal axons and propagate antidromically to 
the soma. In this study, loose patch clamp recordings of axonal spikes from single mossy fiber 
boutons, in combination with local perfusion around the recording sites, were performed in 
mouse hippocampal slice preparations. Ca2+ free perfusing solution in the bath was used for 
minimizing indirect actions due to neurotransmitters released from surrounding cells. 
Hippocampal mossy fiber boutons were identified under observation with IR-DIC optics with 
large size of 4-8 µm in diameter and localization in the stratum lucidum, and were confirmed by 
the similar appearance of fluorescent labelled structures in Thy1-GFP transgenic mice. Mossy 
fiber boutons elicited spikes in all-or-none fashion following stimulation to the granule cell layer 
in the dentate gyrus. Under resting conditions, few spontaneous firings of axonal spikes were 
observed in most recordings from single mossy fiber boutons. Upon switching of the local 
perfusing solution to that containing low concentration of kainate at 0.2 µM, sporadic axonal 
spikes appeared immediately in most cases, possibly reflecting ectopic spontaneous discharges at 
distal axons by depolarization due to application of kainate. In some recordings, bursts of axonal 
spikes appeared and outlasted the period of kainate application for a prolonged time up to 5-10 
min, similar to barrage firings observed in some neurons after strong neuronal activities. These 
results suggest the existence of cellular mechanisms leading to plastic changes in excitability of 
the distal axons of hippocampal mossy fibers by activation of kainate receptors. 
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Title: Effect of axotomy injury on the membrane elasticity of neurons 
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Abstract: Plasma membrane stiffness/elasticity/tension is defined as the total force needed to 
deform the plasma membrane and has two components; the in plane tension which is the  actual 
stiffness of the lipid bilayer. And the cortical tension which is due to membrane to cortex 
attachments and  is derived from the cytoskeletal meshwork attached to the plasma membrane at 
the cell cortex. Evidence shows that numerous biological processes like vesicle trafficking and 
cell motility, is due to the active interplay of these forces and the cell stiffness actually play role 
in control of cell polarization and shape maintenance. 
Among a lot of techniques for measuring the membrane tension, optical tweezers provide the 
most direct measurement by pulling an optically trapped bead and extracting a force value from 
the displacement of the bead. There are numerous studies about the effect of the extracellular 
substrate to neuron structure, morphology and axonal features, yet there are no studies. In this 
study, we aim to explore the changes in neural membrane tension  after axonal damage. 
In accordance with this purpose, dorsal root ganglia neurons were enzymaticly and mechanically 
dissociated. Neurons were sorted via density gradient centrifugation and cultured on laminin 
coated glass bottom petri dishes. The surface of 3 µm diameter polystrene beads were positively 
charged via an overnight poly-l-lysine coating protocol and beads were then tethered to neurons 
with an optical tweezer at 100X magnification. Laser axotomy was performed, the bead was 
pulled perpendicular to the cortical forces. Displacement was measured  and forces were 
calculated. 
In high percentage of axotomised neurons (60%) cortical forces increased upon axotomy. With 
help of newly avaliable technology and a well constructed experimental paradigm we were able 
to gather data about neural cell membrane machanics. Possible implications and applications of 
this increase will be discussed. 
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Title: Electrophysiological characterization of paraventricular nucleus neurons 
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Abstract: The Paraventricular Nucleus of the Hypothalamus (PVN) is an important autonomic 
control center in the brain that contains a heterogeneous neuron population. It plays an important 
role in regulating autonomic renal and cardiovascular functions, stress responses, and is also 
crucial for controlling the energy balance. For instance, lesioning the PVN causes hyperphagic 
obesity in rats (Physiol & Behav 1981; 27(6): 1031-1040) and injection of the melanocortin-4 
receptor agonist melanotan-2 into the PVN reduces food intake, while the antagonist agouti-
related-protein (and neuropeptide Y) increases food intake (Neuron 1999; 24: 155-163). These 
results demonstrate, that the PVN is an important integration sites in the hypothalamus for both 
neuroendocrine and autonomous pathways. 
Within the PVN three different types of neurons have previously been identified in rats: 
Magnocellular neuroendocrine neurons (MC), parvocellular neurosecretory (NS) and 
preautonomic (PA) neurons (J Physiol 1991; 434, 271-93). These neuron types can be identified 
by a number of anatomical features, molecular markers, and intrinsic electrophysiological 
properties. While the cell bodies of MC neurons are relatively big and mainly located in the 
medial part of the PVN, cell bodies of parvocellular NS and PA neurons are smaller and 
predominantly located in the anterior and posterior PVN respectively. Furthermore, MC and 
parvocellular NS neurons extend their projections primarily to the median eminence where they 
regulate pituitary function, whereas PA neurons mainly project to hindbrain nuclei and the spinal 
cord. In addition, these neurons differentially express a variety of peptides such as oxytocin, 
vasopressin, corticotropin-releasing factor, or thyrotropin-releasing hormone (J Comp Neurol 
2009; 10(5), 423-41). In rats, PVN neurons can also be identified by their distinct 
electrophysiological properties (J Physiol 1991; 434, 271-93). 
Here we provide a comprehensive electrophysiological characterization of the three PVN neuron 



types in mice to establish a solid base for future experiments that aim to investigate the 
modulation of the PVN network under physiological and pathophysiological contexts. By 
performing perforated patch-clamp recordings in hypothalamic mouse brain slices we found that 
the distinct neuron types can be identified by specific electrophysiological characteristics such as 
delayed action potential onset after hyperpolarization in the case of MC neurons, generation of 
low threshold spikes in parvocellular PA neurons, and typical spike frequency adaptation 
behavior in parvocellular NS neurons. 
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neurons of a parthenogenetic crayfish 
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Abstract: The activity of individual neurons is achieved through the combined action of ion 
channels in the cell membrane. However, the ion channel conductance levels vary between 
animals of the same species, and between neurons of the same type (Schulz et al. 2006; 
Golowasch et al. 1999, 2002; Liss 2001), indicating that this variability may be an important 
factor in maintaining robust neural function over time. While all neurons have mechanisms that 
homeostatically regulate intrinsic excitability and responses to synaptic input, it is unclear 
whether differences between animals are due to genetic variability between individuals or to 
experience-dependent homeostatic plasticity. Addressing this question has been challenging in 
existing animal models due to lack of identified neurons and circuits, weak access to cellular and 
circuit dynamics, or the availability of genetic tools. We are studying conductance level 
variability using single-cell electrophysiology and molecular tools in identified neurons of the 
marbled crayfish, Procambarus fallax forma virginalis. Marbled crayfish are an all-female 
species with genetically homogenous animals that reproduce parthenogenetically. To determine 
conductance diversity, we are measuring ion conductance levels in the same identified neurons 
of the stomatogastric ganglion and compare them across animals. In addition, we are measuring 
ion channel expression levels using single-cell qRT-PCR to confirm the results of our 
electrophysiological measurements. Previous studies in this system were carried out in wild-



caught crustaceans, and revealed a large variability of ion channel conductances levels and 
correlated mRNA levels (Schulz et al. 2006, 2007). We hypothesize that the variability between 
identified neurons is reduced in marbled crayfish as a result of their genetic homogeneity. To test 
this, we are raising animals under identical environmental conditions, minimizing differences in 
life-history, before conductance and expression levels are compared. A second test group 
consists of animals raised at different environmental conditions, for which we predict distinct 
conductance and expression levels in comparison to control as a result of homeostatic feedback 
mechanisms. We are also considering the possibility to manipulate gene expression using 
transgenic animals by introducing genetic constructs into the germline of marbled crayfish. 
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properties 
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Abstract: Novel experimental techniques, such as optogenetics, aim to dissect network function, 
acting on subsets of cells with various physiological and functional properties. The study of 
oscillatory mechanisms involved in information processing greatly benefits from these tools. In 
particular, it is important to understand the differential involvement of neuron subtypes in the 
entrainment and sustainment of robust cortical oscillations. 
We used models of cortical microcircuits to test network frequency-response as a function of 
stimulated population (excitatory: E or inhibitory: I). Excitatory neurons were modeled as pure 
integrate-and-fire (IF) neurons, while interneurons were either IF or Izhikevich neurons 
exhibiting membrane resonance (RES). By switching interneuron model, we obtained two 
network types: IF-IF and IF-RES. 
When either E or both E and I neurons were periodically stimulated, we found circuit resonance 
for all networks. At low stimulation frequencies (< 15 Hz), both IF-IF and IF-RES networks 
sustained oscillations, with a frequency in the range of 18-30 Hz, irrespective of the input. For 



stimulation frequencies in the range of 18–40 Hz, networks were locked to input frequencies, 
while at higher stimulation frequencies, oscillation stabilized within the 18-30 Hz range, 
frequency was higher for the IF-RES network and power was higher for IF-IF networks. The 
latter exhibited circuit resonance peaks at multiples of main peak frequency when only E neurons 
were stimulated, indicating an m-to-n locking phenomenon. This was not the case for IF-RES 
networks, where interneuron resonance constrained the circuit resonance to a limited domain. 
When input was delivered to I cells only, IF-IF networks were not able to sustain oscillations, 
while IF-RES nets exhibited a circuit resonance peak matching interneuron resonance frequency. 
Our results indicate complex network responses to periodic stimulation, dependent on input 
populations and their properties, with important implications for optogenetic studies of cortical 
oscillations. 
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Abstract: The propagation of voltage along neuronal cables depends on the resting and active 
properties of the membrane, as well as the intracellular resistivity. Although many studies have 
characterized the distribution of voltage-gated ion channels that contribute to the steady-state and 
active conductances of a neurite, much less is known about how localized changes in axial 
resistance influence voltage attenuation. Here we used the genetically-encoded voltage indicators 
ASAP-1 and ACE-2N-4AA to simultaneously record the membrane voltage at many locations 
along the dendritic and axonal arbors of dissociated neurons. Negative current steps were 
injected at the soma using a patch pipette, and the passive propagation of the hyperpolarizing 
pulse imaged along the neurites. By correlating the length constant of the voltage decay to 
structural features of the sub-compartments we highlight how variability in passive neuronal 
properties can modulate slow changes in membrane potential. These findings have important 
implications for how neurons integrate synaptic inputs and regulate the action potential. By 
imaging at much higher frequencies we next aim to examine how such fast changes in membrane 
potential are affected by local differences in steady-state conductances and intracellular 
resistivity 
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Abstract: Transcranial alternating current stimulation (tACS) is a non-invasive technique 
capable of interacting with endogenous brain oscillations in a frequency-specific manner, which 
offers a unique opportunity to study the causal role of brain rhythms in behaviour and how they 
relate to dysfunction, thus paving the way to new therapeutic applications in disorders associated 
with abnormal neuronal oscillations, such as Parkinson’s disease. However, current 
understanding of the mechanisms that underlie the effects of tACS is limited, which in turn 
hampers the rational optimization of human experiments. 
Recent work on tACS for the first time has provided evidence that oscillations at beta (15–30 
Hz) and gamma (30–90 Hz) frequency range are causal, rather than epiphenomenal, to motor 
behaviour. The aim of the present study was to investigate the neurophysiological effects of beta- 
and gamma-frequency tACS in healthy subjects (n=20). To this end, we employed TMS to 
evaluate the effects of tACS on the following: (1) the global corticospinal excitability, as indexed 
by motor evoked potentials (MEPs), elicited by single-pulse TMS; (2) short interval intracortical 
inhibition (SICI) and (3) intracortical facilitation (ICF) in the left primary motor cortex (M1) 
following paired-pulse TMS, considered to reflect GABAA-mediated synaptic inhibition and 
glutamatergic facilitation, respectively. tACS was applied over the left M1 and the contralateral 
orbit for 20 min at intensity adjusted below individual phosphene- and discomfort threshold. All 
TMS protocols were performed at rest before, during (at 5 and 15 min) and after tACS. A single 
MEP and SICI were also recorded during movement preparation before and after tACS. 
We found that high gamma tACS affected a single MEP and SICI in a differential manner during 
the stimulation. Specifically, SICI was decreased at an early stimulation period (5 min) but 
increased during a later period (15 min) as compared to the sham group. The opposite effect was 
observed for a single pulse TMS protocol. Moreover, we found that the observed responses at an 
early stimulation period proved to be a good predictor for individual responses measured during 
a later period. Finally, we found no after-effects of tACS. These experimental data provide 
evidence in support of differential duration-dependent online effects of tACS, which resemble 



homeostatic-like plasticity, although no effect lasting beyond the stimulation period was 
observed. In addition, the data demonstrate the predictive power of initial responses to tACS, 
which could be helpful in screening responsive subjects or probing stimulation efficacy before 
therapeutic application. 
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Title: Oscillations contribute to memory consolidation by changing criticality and stability in the 
brain 
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Abstract: Oscillations are a near universal feature of every level of brain dynamics and have 
been shown to contribute to many functions, such as neural binding, information encoding and 
processing, and subsystem integration. Despite almost a century of active research and many 
proposed hypotheses, the role of oscillations in shaping network dynamics is still not fully 
understood. To investigate the fundamental mechanism underpinning oscillatory activity, the 
properties of heterogeneous networks are compared in situations with and without oscillations, 
both computationally and experimentally. Our results show that both network criticality and 
stability are changed in the presence of oscillations. Criticality describes the network state of 
neuronal avalanche, a cascade of bursts of action potential firing in neural network. The 



branching parameter σ is defined as the average number of subsequent active neurons at the next 
time point triggered by one neuron. σ<1, σ=1, σ>1 correspond to subcrtitical, critical and 
supercritical state respectively. Preliminary results indicate that an increase of σ is associated 
with better learning performance. Stability measures how stable the spike timing relationship 
between neuron pairs is over time. Using a detailed spiking model, we found that the branching 
parameter σ changes relative to oscillation and structural network properties, corresponding to 
transmission among differnt critical states. Also, analysis of functional network structures shows 
that the oscillation helps to stabilize neuronal representation of memory. Further, quantitatively 
similar results are observed in biological data recorded in vivo. By inhibiting parvalbumin-
expressing (PV+) interneurons, delta (0.5-4Hz), theta (4-12Hz) oscillations are blocked, leading 
to poor learning behavior. Previously, supracritical state is thought to be associtated with a high 
Excitatory/Inhibitory ratio. However, the change in branching parameter reflects that the system 
does not have to transit to supracriticality, even though the network becomes more excitatory 
caused by inhibition of PV+. In summary, we have observed that, by regulating the neuronal 
firing pattern, oscillations affect both criticality and stability properties of the network, and thus 
contribute to memory formation. 
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Abstract: α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPARs) mediate 
the majority of excitatory neurotransmission in the mammalian brain. AMPARs are tetramers, 
formed from GluA1-4 subunits. The GluA1 subunit is of particular interest, as AMPARs 
containing this subunit are involved in certain forms of synaptic plasticity. The lack of 
pharmacological agents to manipulate AMPARs with subunit specificity has led to the 



generation of genetically modified mice which lack different AMPAR subunits. Mice lacking the 
GluA1 subunit (GluA1 KOs) lack specific forms of synaptic plasticity, but maintain intact spatial 
reference memory. In contrast, spatial working memory (SWM), and other forms of short term 
memory, is abolished in GluA1 KO mice. In addition, GluA1 KO mice show profound novelty 
induced hyperactivity. The in vivo electrophysiological phenotype of GluA1 KO mice has been 
studied less. Local field potential (LFP) oscillations in the theta (4-12 Hz) and gamma (30-80 
Hz) frequency range are thought to be important for memory processes including SWM. We 
have recorded LFPs from the hippocampus and prefrontal cortex of awake, behaving, GluA1 KO 
and wildtype control mice. During exploration of a novel environment the relative theta power in 
GluA1 KO mice is increased, and the peak frequency of the oscillation is reduced in the dorsal 
hippocampus compared to control. Under the same conditions the relative gamma power in the 
dorsal hippocampus is reduced in GluA1 KO mice compared to controls. Furthermore, we 
engineered a virus to express GluA1, to test if it was possible to rescue these oscillatory deficits 
by reintroducing GluA1 into the hippocampus of adult GluA1 KO mice. Injection of this rescue 
virus into the hippocampus led to expression of GluA1, particularly in the CA3 region. The 
rescue virus was able to normalise the relative theta power, but not the relative gamma power in 
the dorsal hippocampus. Reintroduction of GluA1 also partially rescued novelty induced 
hyperactivity in GluA1 KO mice. Our results suggest that GluA1 is required for normal theta and 
gamma oscillations, and indicate that a loss of GluA1 from the hippocampus could, at least in 
part, underlie the novelty induced hyperactivity seen in GluA1 KO mice. 
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Abstract: Common excitatory input to neurons increases their firing rates and the strength of the 
spike correlation (synchrony) between them. Little is known, however, about the synchronizing 
effects of modulatory common input. Here we show that modulatory common input with the 
slow synaptic kinetics of NMDA receptors enhances firing rates and also produces synchrony. 
Tight synchrony (correlations on the order of milliseconds; Amarasingham et al, J. 
Neurophysiol. 107:517, 2012) always increases with modulatory strength. Unexpectedly, the 
relationship between strength of modulation and strength of loose synchrony (tens of 
milliseconds; Dong et al, J. Vis. 8: 1, 2008) is not monotonic: The strongest loose synchrony is 
obtained for intermediate modulatory amplitudes. This finding explains recent 
neurophysiological results showing that in cortical areas V1 and V2, presumed modulatory top-
down input due to contour grouping increases (loose and tight) synchrony, but that additional 
modulatory input due to top-down attention does not change tight synchrony, and actually 
decreases loose synchrony (Martin and von der Heydt, J. Neurosci 35:6860, 2015). These 
neurophysiological findings are understood from our model of integrate-and-fire neurons under 
the assumption that contour grouping as well as attention lead to additive modulatory common 
input through NMDA-type synapses. In contrast, circuits with common projections through 
model AMPA receptors did not exhibit the paradoxical decrease of synchrony with increased 
input. Our results suggest that NMDA receptors play a critical role in top-down response 
modulation in visual cortex. 
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Abstract: Introduction: Whole-body vibration (WBV) exercise can provide a proper 
somatosensory stimulation in stroke patients to promote functional improvement. However, there 
was a lack of study to investigate the neuroplasticity according to WBV exercise in stroke 
patients. The purpose of this study was to investigate the effects of whole-body vibration (WBV) 
exercise on cortical activity in patients with chronic stroke. Methods: Eighteen chronic stroke 
patients were randomly assigned to either the WBV group (n = 12) or control group (n = 6). The 
WBV group received vertical whole-body vibration (Galileo Advanced plus, Novotec Medical, 
Germany) with intensity of the 20 Hz and the amplitude of 4 mm for 5 minutes with half-squat 
position on the platform. Cortical activation was measured before and after stimulation period by 
relative changes of oxygenated hemoglobin (oxyHb) in primary motor cortex (M1), premotor 
cortex (PM), supplementary motor area (SMA), somatosensory cortex (S1), and prefrontal cortex 
(PFC) using a functional near infrared spectroscopy (NIRScout, NIRx, Germany). Two-way 
repeated measures ANOVA was used for statistical analysis. Results: OxyHb concentration for 
M1 and S1 of the unaffected side was significantly increased after vibratory stimulation in the 
WBV group, but not in the control group. There were also significant interaction effects in group 
and time for M1. OxyHb concentration for PFC of the affected hemisphere and SMA of the 
unaffected side was significantly higher in the WBV group than the control group. There were 
significant main effects between groups in the affected PFC and the unaffected SMA. 
Conclusion: This study provided the evidence that WBV exercise have positive influences on 
cortical activity of motor network and prefrontal area in the chronic stroke patients (Supported 
by the NRF grant funded by the Korea government (NRF-2014R1A2A1A0128)). 
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Abstract: Slow oscillations (SO) are a stereotyped activity pattern pervasively expressed during 
slow-wave sleep and deep anesthesia by the cerebral cortex of many species. SO in sensorial 
cortices are known to mirror early neuronal processing of environmental stimuli, and occur 



simultaneously in cell assemblies at different cortical depths and positions as a concerted 
multiscale activity. In visual cortex (V1) for instance, such nonlinear network dynamics may 
contribute to sustain input-related activity once visual stimuli are removed or when the 
stimulation sequence is incomplete, a computational primitive allowing integration of 
information across time. The dynamic roots of such concerted activity is still an open issue 
which here we address by carrying out a detailed exploration of the multiscale dynamics of SO to 
understand the rules of columnar function. To this end, we recorded the synaptic and neuronal 
activity underlying SO from V1 of anesthetized rats (ketamine-medetomidine, n =18 adult male 
Wistar rats), by extracting from a 16-channel silicon probe both current source densities (CSDs) 
and MUAs across all cortical layers.Our first finding is that layer 5 (L5) assemblies give rise to 
hysteresis loops like in flip-flop computational units. This confirms the leading role of L5 in 
generating and sustaining the Up states of SO with the highest firing rate. Yet, it supports the 
long standing hypothesis that local cortical networks are capable to express attractor dynamics, 
also suggested to underlie cognitive functions like working memory and decision making. We 
demonstrate that this attractor dynamics are history-dependent and most likely mediated by 
synaptic reverberation and activity-dependent adaptation mechanisms. Columnar activation 
during SO display a stereotyped ascending pattern, reproducibly initiated in layer 6 (L6) 
spreading upward towards the cortical surface. From CSD analysis, this is due to an early 
synaptic input that L6 assemblies receive, inducing a time lag of 14 ± 11 ms between L6 and L5 
Up onsets. By inactivating LGN by TTX injections, we demonstrate that the input to L6 is of 
cortical origin, likely due to travelling Up wavefronts. Although the thalamus had no apparent 
role in columnar activation, we found that it contributes to modulate the stability of Down states 
in infragranular layers. This evidence recasts the cortico-thalamo-cortical loop as also a 
modulator of SO in sensorial areas, strengthening the role of L6 as a fundamental hub of 
neuronal activity produced at macroscopic scale. A role expressed not only in response to 
sensory stimulation but also under self-sustained or spontaneous state like slow-wave activity. 
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Abstract: Slow oscillations of neural activity spontaneously emerge and propagate across the 
cerebral cortex during deep sleep and anesthesia, an activity also expressed in brain slices and 
cortical slabs. The mechanistic origin of slow oscillations integrates the local excitability of cell 
assemblies and their mutual interaction. Here, we address this issue focusing on ongoing slow 
waves spontaneously generated in neocortical slices and recorded by means of a 2D array of 16 
electrodes designed to probe the neuronal activity at different spatial scales. On top of the largely 
variable propagation modes observed, we reproducibly found a smooth strip of loci leading the 
slow wave fronts that overlapped with cortical layer 4 and 5. Along this strip, Up states were the 
longest and displayed the highest firing rate. Under control conditions of excitability and at a 
frequency of oscillations of 0.31 ± 0.12 Hz, the propagation mode was uncorrelated in time, 
highlighting a memoryless generation of slow waves. To model all these features, a multi-
modular large-scale network of spiking neurons must incorporate a specific balance between 
local and intermodular connectivity. Modules must also work as relaxation oscillators with a 
weakly stable Down state and a peak of local excitability to model layer 4 and 5. These peculiar 
settings combined together provide an optimal sensitivity to the network structure and generate a 
richness of available propagation modes, a potential neuronal substrate for experience-driven 
flexibility.Figure legend. A. Two example slow-waves propagating in opposite directions across 
a cortical slice probed with a 16 electrode MEA (grey circles). Dotted lines with arrows indicate 
the early propagation strip (EPS) of the wavefronts. Consecutive (color coded) wavefronts are 
separated by 50 ms. B. EPS density and area covered by the MEA superimposed to the image of 
the corresponding cortical slice stained after electrophysiological recordings. Dashed lines, 
boundaries between layers. EPS density below 0.05 is not shown. 
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Abstract: The cerebral cortex is organized in circuits of neurons that interact via synaptic 
mechanisms. The synaptic activity co-exists with endogenous electric fields (EF) generated by 
neuronal activity. These changes in the electric environment of neurons due to the network 
activity have a feedback effect onto neurons (Fröhlich and McCormick Neuron, 67: 129. 2010; 
Anastassiou et al. Nature Neuroscience, 14: 217, 2011). To study the endogenous EF effect onto 



the local network, we used an in vitro preparation of ferret visual cortex that generates slow 
oscillations (Sanchez-Vives and McCormick, Nature Neuroscience, 3: 1027, 2000), a pattern of 
activity typical of slow wave sleep and anesthesia. A complete vertical cut of the slice, 
perpendicular to the cortical surface, was performed, while the two sides of the cut remained in 
contact without discontinuity between them. This resulted into two independent networks on 
each side, each of which had its own oscillatory pattern of spontaneous UP states. The vertical 
cut allowed to isolate synaptic transmission from the EF propagation. We then characterized how 
the EF induced by slow wave oscillations propagated in the cortical tissue across the cut, 
therefore independent from synaptic transmission. Up states originated and propagated within 
one side of the slice, could be recorded across the cut albeit with strongly reduced amplitude, 
losing more than 50% of their original amplitude. Dampening was accompanied by an average 
delay of the propagated signal by 104 ms, resulting in a EF propagation speed of 14 mm/s, a 
value similar to the speed of wave propagation of slow oscillations under intact synaptic 
connections. The propagated EF had an impact on the activity generated across the cut. We 
explored this phenomena under different conditions, including spontaneous slow waves, 
electrical and chemically-induced responses and epileptiform discharges. Our results suggest that 
cortical patterns do not exclusively emerge from synaptically interconnected neurons but they are 
also shaped by the fields generated by the active network. 
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Abstract: The complexity of EEG-measured human cortical response evoked by transcranial 
magnetic stimulation can be estimated by the perturbational complexity index (PCI) (Casali et al. 
Science Translational Medicine, 5(198): 198ra105, 2013). PCI shows a significant correlation 
with the level of consciousness in human subjects across different conditions (sleep, anesthesia, 
coma), being thus valuable for diagnoses. Upon loss of consciousness, the complex pattern of 
causal interactions observed during wakefulness collapses into a stereotypical slow wave, 
suggesting that cortical bistability may play a role. Bistability is mainly expressed in the form of 
slow oscillations, a default pattern of activity that emerges from cortical networks in conditions 
of functional or anatomical disconnection. Here we aimed to investigate the cortical mechanisms 
underlying the regulation of complexity and causality in different brain states taking advantage 
of an in vitro preparation of the cerebral cortex that displays emergent slow oscillations (<1Hz). 
Recordings were obtained with a 16 channel multi-electrode array and network perturbation was 
induced by electric stimulation. The PCI algorithm used in humans was adapted to the local scale 
of the cortical slice. Different brain states were simulated by pharmacological manipulation. In 
particular, we investigated 3 network states: 1) spontaneous slow oscillations, 2) a state of 
increased network excitability through bath-applied kainate, and 3) an “awake-like” state, 
induced by means of mimicking the ascending activating systems by means of norepinephrine 
and carbachol. During slow oscillations we observed a response similar to that observed in non-
REM sleep: an initial activation, followed by a silent state and break-off of deterministic 
activations. Under the effect of norepinephrine and carbachol instead, we observed a significant 
increase in PCI, correlated with prolonged deterministic effects similar to those corresponding to 
the awake state. These observations were not reproduced though by kainate. This in vitro results 
give us hints into the cortical mechanisms regulating complexity and causality, highlighting the 
central role of the intrinsic bistability typical of states of unconsciousness and demonstrating that 
complexity can be modulated pharmacologically. 
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Abstract: Neural activity during sleep is highly choreographed over multiple time scales, from 
global brain states at the scale of minutes to oscillatory events at the scale of seconds and 
neuronal assemblies at the scale of 10-100ms. Previously, we found that the sleep process shows 
distinct effects on the activity of high and low firing rate cortical neurons. These effects are 
sleep-state-specific and can be distinguished by their correlation with the incidence of different 
sleep oscillations. To this end, we sought to further characterize how the state-dependent 
choreography of sleep oscillations organizes the activity of specific neuronal populations. From 
in vivo multi-site recordings in frontal cortices of naturally sleeping rats, we find that the 
transition out of NREM sleep is characterized by increased power in a broad range of 
intermediate frequencies (8-30Hz, “sigma” and “beta" bands of the LFP) and an increased 
incidence of thalamocortical spindles. While this transitional state has been previously described 
in the rodent as intermediate sleep for the transition from NREM to REM, we find that it is also 
seen before brief NREM “microarousals”, as well as rare transitions directly from NREM to 
wakefulness. However, the transition from NREM to REM uniquely shows coherent activity in 
these frequency ranges between the cortex and hippocampus and is associated with increased 
activity of cortical low firing rate neurons. We find that the population activity of putative 
inhibitory neurons shows strong spindle-band fluctuations during this transitional state and that a 
subpopulation of inhibitory neurons are tightly rate- and phase-coupled to the thalmocortical 
spindle oscillation. These spindle-locked interneurons are activated early in the spindle and burst 
with reliable spindle-cycle inter-burst intervals. Paralleling this population, we find another 
subpopulation of spindle phase-coupled putative inhibitory units which are inactivated at the 
beginning of the spindle and gradually increase in firing rate over the course of the spindle. 
While we see counterparts to these inhibitory populations in the high firing rate excitatory 
populations, the more striking finding is that spindles act to segregate high and low firing rate 
putative pyramidal units, which show highly correlated firing within their own rate groups but 
anti-correlated activity with each other. These results suggest that one function of 
thalamocortical sleep spindles is to temporally segregate specific cortical populations and that 
the transition out of NREM is a unique time in sleep during which this can happen. 
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Abstract: The dentate gyrus (DG) in the hippocampus has two types of excitatory cells: granule 
cells, which are the main output cells from DG to CA3, and mossy cells, which reside in the 
hilus proper and provide recurrent connections to granule cells. To understand computation in 
the DG circuitry, it is important to unequivocally identify granule cells and mossy cells in terms 
of physiological characteristics. However, there is only a limited amount of knowledge regarding 
these issues to date. To address these questions, we performed large-scale recordings of local 
field potential (LFP) and unit firing from DG of freely moving mice combined with 
physiological and optogenetic identification of each cell type. For physiological identification, 
we used several parameters, including the spike width of the averaged waveform, the burst index 
based on the auto-correlogram, the ratio of the firing rates during awake to during slow wave 
sleep (SWS), and the amplitude of the dentate spikes types 2 (DS2) observed during SWS. By 
taking the DS2 amplitude at the exact recording site each unit was recorded, we estimated the 
anatomical location of each unit. Based on these parameters, we found two clusters of putative 
excitatory cells: one closer to the molecular layer and another closer to the hilus of DG. We 
detected putative monosynaptic connections between these units based on unit-unit cross-
correlogram and found the significant spike transmission with 2-3 ms delay from units in the 
cluster closer to the molecular layer to units in the cluster closer to the hilus but not the other 
way. Considering the known strong synaptic connections from granule to mossy cells, we 
conclude that the two clusters correspond to granule cells and mossy cells, respectively. 
Optogenetic tagging using Drd2-Cre mice, which specifically label mossy cells in DG, 
confirmed that the hilus cluster corresponds to mossy cells. Based on this classification, we then 



characterized the physiological properties of granule cells and mossy cells. We found that 
granule cells had lower firing rates compared to mossy cells, especially during awake periods . 
We also found that granule cells’ firing rate is more strongly modulated by gamma oscillation 
and DS2 during SWS. Next, we characterized the spatial information coding by each cell type on 
a linear or a figure eight maze. Mossy cells had multiple place fields and higher peak firing rates, 
whereas granule cells typically had a single place field and lower firing rates. In summary, our 
results revealed the important differences between granule cells and mossy cells in terms of 
physiological characteristics and spatial information coding in behaving and sleeping mice. 
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Abstract: Large-scale recording from neural networks and their interactions are critical for 
understanding how information is processed and transmitted in the brain. Coupling between 
specific limbic and neocortical brain regions is implicated in aspects of memory acquisition, 
consolidation, and retrieval, but how these interactions are coordinated over topographically 
diverse functional networks during online task performance and in offline states is unclear. We 
designed and developed a large-scale array to cover most of the dorsal surface of rat cortex, 
allowing simultaneous recording from multiple cortical areas and improved localization of 
activity in higher order association cortices. The array consists of 120-384 electrodes arranged in 
clusters of 4 microelectrodes (20µm) for the purpose of spike recording and clustering. These 
clusters are spaced 200µm apart to cover an area shaped to match the dorsal cortical surface.Here 



we examine large-scale hippocampal-neocortical interactions by simultaneous recording of local 
field potential (LFP) and spiking activity from a large part of the dorsal neocortical surface, from 
bregma to lambda, and hippocampus in freely moving rats. We identified a spatially confined, 
prominent high frequency oscillation (100-150 Hz) in posterior parietal cortex (PPC) that occurs 
mainly during NREM and waking immobility, and has similar waveform characteristics to 
hippocampal ripples. Furthermore, these oscillations appear to be coordinated with hippocampal 
ripples across behavioral states and during performance of a hippocampal-dependent memory 
task. This finding was facilitated by the scalability of our array, and establishes how this feature 
could be an important advantage in the design of neurophysiological experiments to understand 
functional topographic interactions among brain regions. 
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Abstract: Epilepsy affects 1% of the population worldwide. Despite the development of drug 
therapies, still one-third of the patients remain unresponsive to any currently available anti-
epileptic drug. The aberrant brain activity, which occurs in epilepsy, in principle, can be restored 
through electrical stimulation. In epilepsy, abnormal patterns emerge intermittently, and 
therefore, a closed-loop feedback brain control that leaves other aspects of brain functions 
unaffected is desirable. Formerly, it has been shown by our group that seizure-triggered, closed-
loop transcranial electrical stimulation (TES) can dramatically reduce the duration of spike-and-
wave (SW) episodes in a rodent model of generalized epilepsy. The long-term effects of such 
approach however have not been investigated yet due to the technical challenges of the reliable 
continuous seizure monitoring, automated detection and stimulation. In this study we developed 



a custom designed non-supervised FPGA-based closed loop system, which automatically 
detected the onset and the internal pattern of each seizure from ECoG signal, and delivered 
temporally targeted transcranial electrical pulses to disintegrate the seizure related oscillations. 
To evaluate the long term effects of this on-demand transcranial seizure interruption, we divided 
chronically implanted freely moving Long Evans rats into three subgroups: on-demand 
stimulation, random stimulation and no stimulation group. All stimulated rats received the 
treatment up to 3 months continuously. We found that our closed loop approach is effective in 
terms of seizure duration reduction, which effect was immediate and did not deteriorate over 
long time. The animals did not show any overt behavioural change due to treatment. These 
findings promote the closed loop control as a safe and reliable alternative for seizure suppression 
in drug resistant patients. 
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Abstract: During the exploration of an environment most CA1 pyramidal cells fire in specific 
locations. These “place cells” have a plastic nature, varying their firing rate during successive 



crossings through the same location. Another remarkable characteristic of hippocampal place 
cells is that in addition to this rate code they also express a temporal code. This temporal code 
exhibits a relationship between the position of the rat within the place-field and the timing of the 
place cell’s spikes relative to the ongoing theta rhythm. This relationship arises from the gradual 
shift of cell firing to earlier phases of local theta oscillation as the animal travels through the 
place-field. It has been suggested that both intrahippocampal (CA3) and cortical (entorhinal -EC-
) inputs contribute to place cell expression. However, the mechanisms by which those inputs 
interact or their relation with phase precession remains unknown.In previous work we developed 
a method to isolate CA3 and EC layer 3 (EC3) gamma inputs to the CA1 region in the behaving 
rat (Schomburg et al., 2014). We showed that EC3 fast gamma input (70 - 110 Hz) dominated at 
the theta peak and was followed by slower (30 - 60 Hz) CA3 input at the descending theta phase 
and a even faster (110 - 180 Hz) local gamma oscillation at the theta through. CA3 and EC3 
inputs can compete or cooperate to modulate the firing of CA1 pyramidal cells and interneurons 
according to behavioral demands. In the present work we employed large-scale silicon probes 
(up to 512 channels) to record local field potentials (LFPs) and single-unit activity 
simultaneously in all hippocampal subfields during various navigational tasks and sleep. Most 
place cells displayed strong phase precession in the linear track. However a lap-by-lap analysis 
revealed that the magnitude of phase precession varied from trial-to-trial within a given session. 
The distribution of the relative strength of CA3 and EC3 gamma inputs to CA1 place cells 
followed a specific pattern along the place-field transversal. In the first half of the place-field, 
EC3 input dominated while CA3 input took over in the second half. This pattern was absent in 
laps without phase-precession. We propose that the coordination of CA3 and EC3 theta-
modulated gamma inputs to CA1 place cells control the expression of phase-precession. 
Schomburg EW, Fernández-Ruiz A, Berényi A, Mizuseki K, Anastassiou CA, Koch C, Buzsáki 
G. (2014) Theta phase segregation of input-specific gamma patterns in entorhinal-hippocampal 
networks. Neuron. 84:470-485 
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Abstract: In the hippocampus, the order in which neurons fire maximally during movement is 
preserved on a faster time scales during active behavior and also during offline periods, such as 
sleep. However, the function of these sequences is unknown, in part due to a lack of information 
as to how downstream structures integrate such sequential activity. To address this issue, 
simultaneous recordings were performed in CA1 and its cortical output areas while spike timing 
of CA1 pyramidal cells was modulated on fine-time scales via focal ChR2 activation in behaving 
rats. First, in the absence of light stimulation, we observed tight coordination of sequences in 
CA1 and the subiculum during during linear track behavior. In both regions, sequences were 
organized by theta that began with representations of the track's beginning on the falling 
phase,represented current position at the trough and ended with the goal location at the rising 
phases. The degree of temporal compression varied as a function of distance away from these 
goals. Preliminary experiments show that low intensity, intra-hippocampal optical stimulation of 
pyramidal cell evoked local high frequency oscillations and cortical up states with spiking 
responses at a lag of about 70ms after CA1 stimulation. The efficacy of the cortical response 
correlated with the power and phase of cortical rhythms at the time of stimulation in the delta 
band and at 15-20 Hz. Surprisingly, stimulation of a second CA1 site before or after stimulation 
of the first blocked the cortical spiking response and upstate suggesting a competitive temporal 
or spatial summation downstream of the hippocampus. These results show that relative spike 
timing can strongly influence downstream spiking properties, a prerequisite for readout of 
endogenous sequences. 
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Abstract: Transcutaneous electric stimulation (TES) using weak currents has been used 
extensively in attempts to influence brain activity. In vitro and in vivo experiments in rodents 
and computational modeling suggest that the magnitude of voltage gradient of the induced 
electric field should exceed 1 mV/mm to directly influence brain networks. Evidence for direct 
neuronal effects of TES in the human brain is still lacking, mainly due to the saturation of the 
recording amplifiers by the large induced electromagnetic fields. For many therapeutic 
applications, it is desirable to affect neurons in a regionally constrained manner to reach 
maximum on-target effects and reduce side effects on unintended brain networks. 
Here, we describe a spatially focused TES protocol, test it in rodents, determine the needed TES 
currents in human cadavers to achieve 1 mV/mm fields and demonstrate direct TES effects on 
alpha waves in human subjects. Using multiple site, rotating fast pulse (2.5 µs) stimulation, we 
demonstrate how transcranial electric fields can be focused to differentially activate single 
neurons in anesthetized rats. DC, AC and fast pulse stimulation was applied via Ag/AgCl 
electrodes directly to the skull or the scalp in human cadavers, while recording the three-
dimensional distribution of electric fields in the brain, using >200 recording sites. 
Scalp stimulation greatly reduced the generated intracerebral electric fields (>50% in cadavers) 



and these measurements predicted that ~5 mA is needed to achieve 1mV/mm electric field 
gradient via scalp stimulation. Fast pulse stimulation allowed for simultaneous recording of scalp 
EEG in human subjects up to 9 mA. As predicted from the cadaver measurements, up to 4 mA 
stimulation failed to show detectable alterations but 7 mA and 9 mA integral-amplitude pulses 
significantly increased the amplitude of alpha waves. Currents above 4 mA stimulation induced 
multiple adverse effects, including dizziness, burning feeling and auditory effects. 
Supported by the EU-FP7-ERC-2013-Starting grant (No. 337075), the ‘Momentum’ program of 
the Hungarian Academy of Sciences (LP2013-62/2013), the ‘Excellence’ program of the 
Hungarian Academy of Sciences (KEP-1.2/2014), NIH grants, 1U01NS090526-01, 
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Abstract: The hippocampus and the amygdala are brain areas thought to be critical for 
emotional memory consolidation. The hippocampus processes episodic and spatial memories 
while the amygdala signals emotional valence related to fear and reward. However, it is 
unknown how the two structures interact to associate an emotional event to a specific context. 
Since hippocampal memories are reactivated and consolidated during slow-wave sleep (SWS), 



we hypothesized that sleep-related coordinated reactivations in the hippocampus-amygdala 
networks might sustain the formation of contextual emotional memories.  
To test this, we designed a novel task in which rats learn the daily location of an aversive airpuff 
on a linear track where they're running for water rewards. We recorded large hippocampal and 
amygdala neuronal ensembles during training and extensive periods of sleep preceding and 
following training.  
Our results show coordinated reactivations of hippocampus and basolateral amygdala (BLA) 
ensembles during slow-wave sleep (but not REM-sleep) following training. Interestingly, the 
BLA cells that contribute most to the reactivations are the ones that are positively modulated 
during hippocampal ripples. These findings suggest that the consolidation of contextual 
emotional memories might involve coordinated reactivations in hippocampal-amygdala networks 
during SWS hippocampal ripples. 
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Title: Sharp wave ripples stabilize hippocampal spatial map during learning 
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Abstract: Replay of behaviorally-relevant spike sequences in the hippocampus during sharp 
wave ripples (SPW-Rs) is thought to provide a crucial mechanism for memory consolidation. 
Indeed, the compressed temporal scale of place cell reactivations, combined with the strong 
synchronous activity associated with SPW-Rs, provides an ideal setting for synaptic 
modifications. Yet the role of SPW-Rs in stabilizing the hippocampal network during learning 
has never been tested directly. To address this question, we used the spatial information coded by 
place cells: we reasoned that if SPW-Rs are necessary for the network stabilization, disrupting 
neuronal activity specifically during those events would result in an altered mental representation 
of space ("cognitive map"). Mice performed a spatial memory task requiring daily learning of 
three goal locations (hidden rewards) on a familiar multi-well maze (Dupret et al., 2010). Similar 
to previous studies, SPW-Rs occurred regularly during reward consumption at the goal locations. 
We used online position tracking, high-density extracellular recordings, closed-loop feedback, 
and optogenetic stimulation to selectively suppress pyramidal cell activity in the CA1 region 
contingent upon detection of awake SPW-Rs, specifically at the goal locations. Silicon probe 
recordings, combined with focal light delivery, allowed us to simultaneously record "SPW-R-
silenced" and “control” place cells (non-illuminated/non-silenced and/or place cells silenced with 
a delay relative to SPW-R occurrence). Following learning, control place cells typically 
maintained the location of their place fields and showed a significant increase in their spatial 
information content. In contrast, the place fields of SPW-R-silenced place cells were modified 
after learning (“destabilized”), and the quantity of spatial information carried by these neurons 
was unaltered. SPW-R silencing did not impact the firing rates or the proportions of place cells. 
These observations indicate that SPW-R-associated neuronal activity is necessary to "refine" and 
maintain hippocampal place fields upon learning. SPW-Rs could thus play a dual role, promoting 
both change and stability in the cognitive map. 
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Abstract: The hippocampus is necessary for both episodic memory formation and spatial 
navigation. The central hypothesis of this work is that the unifying function of the hippocampus 
is to infer associations between sequences of behavior and their consequences. We predict neural 
correlates of specific behaviors exist within rodent dorsal CA1 hippocampus above and beyond 
spatial location and head direction. In this study, we utilized a cheeseboard maze, allowing the 
rats (n = 5) to form stereotyped, idiosyncratic behavioral plans while foraging for water reward. 
Next, the time-series of the subjects' behavioral output was quantified using a custom-made 
markerless motion capture system that generated accurate 3D kinematic tracking data of our 
subjects at 50 frames per second. Lastly, the behavioral states of the subjects were automatically 
identified using a unsupervised learning framework we have developed. This system enables us 
to calculate correlations between these behaviors and the time-series of neural data (all subjects 
were implanted with 6-8 shank silicon probes bilaterally in dCA1). We define behaviors as 
sequences of stereotyped dynamics in the kinematic data. We leverage recently developed 
techniques in machine learning to identify stereotyped dynamic features derived from the 
kinematic data (van der Maaten and Hinton 2008; Berman et al. 2014). To compose these 
features into models of behavior, we adapted the Bayesian Generative Model (BGM) framework 
of Lake et al. 2015 to our context. By first parsing the kinematic data into movement bouts, and 
then weakly labeling these with the learned features, BGMs were then used to leverage the 
statistics across all movement bouts to both improve the feature labeling and to produce 
parsimonious, quantitative compositions of the sequence of features making up a putative 
behavior. With this framework in place, we applied analysis methods in systems neuroscience to 
search for neural correlates of rodent behavior in dCA1 hippocampus. Reverse correlation is 
used to determine whether the firing of individual neurons map onto specific behaviors. 
Ensemble decoding techniques are used to determine whether information about the moment to 
moment variations in the subjects' behaviors reflected by the population activity. This ongoing 
research may offer new insights into the function of the hippocampus. 
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Abstract: The hippocampus codes for spatial and episodic memories. Hippocampal 'place' cells 
are selectively activated in restricted locations of the environment ('firing fields'). Because firing 
fields overlap in space, as the animal traverses successive fields the spikes emitted by place cells 
appear intermingled in time. However, during single cycles (~100ms) of the theta oscillation (7-
10Hz), these cells fire in a stereotyped order, paralleling the order of the fields within the 
trajectory. Such 'theta sequences' are thought to be related to episodic-like memory. 
Two frameworks have been proposed to account for the formation of theta sequences. The first 
theory posits that sequences result from delays in propagation of spiking activity between 
asymmetrically connected cell assemblies. In the second model, external inputs trigger activity in 
independent cell assemblies. Due to phase precession, each assembly advances its firing in 
successive theta cycles, which results in theta sequences. Here, asymmetric connections between 
assemblies results from, rather than cause, theta sequences. 
To test and contrast these hypotheses, we have passively transported rats on a model train 
('passive' condition). As previously documented, this perturbed phase precession. In the control 
experiments, rats were trained to run on a miniature treadmill while transported on the train 
('active' condition), a condition in which we have previously reported that cells phase precess and 
form theta sequences. We thus asked whether theta sequences would be disrupted in the passive 
condition. Place cells and LFP were recorded during three successive sessions: PASSIVE-1, 
ACTIVE, PASSIVE-2. We compared place cell spatial properties and dynamics between the 
three conditions. 
Spatial specificity and theta modulation of place cell activity decreased during both passive 
sessions compared to the active session. Fields often shifted between PASSIVE-1 and ACTIVE, 
but subsequently remained stable between ACTIVE and PASSIVE-2. The proportion of 
significant theta sequences increased two-fold during ACTIVE compared to PASSIVE-1. This 



appears inconsistent with the notion that pre-established connectivity between cell assemblies 
underlies theta sequences. Intriguingly, we found a similar difference between ACTIVE and 
PASSIVE-2. The sequences formed during ACTIVE were not stabilized and preserved during 
the subsequent passive session, an observation at odds with the idea that theta sequences would 
induce changes in synaptic connectivity between cell assemblies. Thus, our results so far appear 
at least partly inconsistent with both theoretical models of theta sequences. 
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Abstract: Hippocampal microcircuits have been the subject of intense investigation for decades. 
A major goal is to understand the cellular-synaptic mechanisms of precise spike timing of 
hippocampal neurons, which is required for temporal coding. One such mechanism is the spike 
transmission between pairs of neurons. Studies of synaptic and spike transmission between 
identified presynaptic and postsynaptic neurons are typically performed in reduced preparations 
such as acute brain slices. In vivo studies typically sacrifice control of neuronal activity with 
single cell resolution in order to study an intact system. In such in vivo experiments synaptic 
coupling can be observed as short (1-2ms) latency peaks in spike train cross-correlations 
between PYR and INT. However, these findings are limited by the fact that common inputs to 
both the PYR and INT could underlie part of the fast time-scale peak. This technical shortcoming 



can now be overcome due to recent advances in high-channel count silicon probes equipped with 
blue light emitting micro-LEDs (Si-uLED probe; Wu et al. 2015) which can be combined with 
optogenetics to maintain the benefits of an in vivo preparation while gaining single cell control 
and identification. We took advantage of this technology to investigate monosynaptic 
interactions between pyramidal neurons (PYR) and GABAergic interneurons (INT) in the CA1 
region of the hippocampus in freely sleeping and behaving mice. To disengage the PYR spiking 
from network activity and thus common input we optically elicited spiking in PYR using 
CaMKII:ChR2 mice and quantified the strength of spike transmission in pairs of PYR and INT. 
Preliminary data demonstrate that both spontaneous and experimentally induced PYR spikes 
drive spiking in postsynaptic INT at monosynaptic latencies. Future experiments will determine 
the dynamic range and temporal dynamics of these connections and their regulation by brain 
state and behavioral conditions. Wu F, Stark E, Ku PC, Wise KD, Buzsáki G, Yoon E. 
Monolithically Integrated µLEDs on Silicon Neural Probes for High-Resolution Optogenetic 
Studies in Behaving Animals. Neuron. 2015 Dec 16;88(6):1136-48 
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Abstract: Sharp-wave ripples (SPW-Rs) are network oscillations in the mammalian 
hippocampus that are implied in memory consolidation as shown by observational and 
interventional experiments. However, the mechanism of their generation remains unclear. SPW-
R complex consists of two components: the sharp wave (SPW) and the ripple. The sharp wave is 
a negative deflection in the extracellular potential that reflects the depolarization of the apical 
dendrites of CA1 pyramidal cells as a result of the synchronous discharge of the CA3 axonal 
input to those dendrites, and a ~140 Hz ripple at the pyramidal cell body layer representing a 
network response of CA1 pyramidal cells and interneurons to the strong synchronous drive. 
While the CA3 region has been implicated in the generation of the SPWs, the role the adjacent 
CA2 region has been neglected so far. However, the CA2 region mirrors some aspects of CA3: 
the recurrent collaterals of CA2 pyramidal neurons are as dense as those of CA3a neurons, and 
CA2 also innervates CA1, leaving open the possibility that CA2 could be involved in ripple 
generation as well. In this study we examined whether the activity of CA2 region plays a role in 
SPW-R burst initiation, which has not been investigated until now. We employed high-density 
silicon-probes (256 channels) to record both LFP and unit firing from all layers of the CA1-CA2-
CA3 regions in the dorsal hippocampus in rats during behavior and sleep. The location of the 
CA2 region was assessed by immuno labeling using the CA2-specific marker PCP4. We found 
that synchronous activation of neuronal ensembles in the CA2 region preceded SPW-R-related 
population activity in CA3 and CA1 regions. Deep CA2 neurons showed a gradual increase in 
activity prior to ripples and become strongly suppressed whenthe population activity built up in 
CA3-CA1 neurons (ripple ramp cells). Superficial CA2 cells organized into a population burst 
prior to the activity surge in CA3-CA1 (phasic cells). The population activation spreads through 
CA3b and c and finally to CA1 stratum radiatum where it elicits an excitatory SPW. Although 
CA2 neurons contribute to SPW-Rs during both sleeping and waking, their contribution to wake 
events is stronger. These results implicate the CA2 region as an initiation zone of SPW-Rs. This 
work was supported by EU-FP7-ERC-2013-Starting grant (No.337075), the ‘Momentum’ 
Program of the Hungarian Academy of Sciences (LP2013-62/2013), NIHNS034994, NIH 
MH54671, NIH NS074015, Fundación La Caixa, EMBO (ALTF 147-2015). 
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Title: Interictal epileptiform discharges induce hippocampal-cortical coupling in temporal lobe 
epilepsy  
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Abstract: Interactions between the hippocampus and the cortex are critical for memory. 
Interictal epileptiform discharges (IEDs) identify epileptic brain regions and can impair memory, 
but the mechanisms by which they interact with physiological patterns of network activity are 
mostly undefined. We show in a rat model of temporal lobe epilepsy that spontaneous 
hippocampal IEDs correlate with impaired memory consolidation, and that they are precisely 
coordinated with spindle oscillations in the prefrontal cortex during nonrapid-eye-movement 
(NREM) sleep. This coordination surpasses the normal physiological ripple-spindle coupling and 
is accompanied by decreased ripple occurrence. IEDs also induce spindles during rapid-eye 
movement (REM) sleep and wakefulness—behavioral states that do not naturally express these 
oscillations—by generating a cortical ‘down’ state. In a pilot clinical examination of four 
subjects with focal epilepsy, we confirm a similar correlation of temporofrontal IEDs with 
spindles over anatomically restricted cortical regions. These findings imply that IEDs may 
impair memory via the misappropriation of physiological mechanisms for hippocampal-cortical 
coupling, which suggests a target for the treatment of memory impairment in epilepsy. 
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Title: Transformation of head-direction signal into spatial code 
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Abstract: The head-direction (HD) system forms the building block of the navigation system. 
Spatial coding, represented for example by place and grid cells, must result from the integration 
of multiple sources of information, distributed over large class of sensory features, in particular 
vestibular signals. The mechanisms enabling such computation remain largely unknown. It is 
often assumed that the HD signal is primarily used, along with speed information, to update the 
estimate of the current location by path integration. Here we show that the HD signal may be 
transformed directly into a spatial code under behavioral constraints. In the antero-dorsal nucleus 
of the thalamus, relaying the signal to the cortex, HD neurons convey high level of spatial 
information that results from behavioral bias during exploration. In the post-subiculum, the main 
cortical stage of HD signal processing, the amount of spatial information conveyed by HD 
neurons is increased by the combination of the HD signal with other sensory modalities. In 
addition, the hippocampus may receive direct sensory inputs from the HD system, thus 
participating directly in the generation of a spatial code. These findings demonstrate a simple 
integration principle in the navigation system that transforms vestibular inputs into spatial 
information. 
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Abstract: Relative to other major output structures of the hippocampal formation (HPC) the 
lateral septal complex (LSC)- its function, behavioral correlates, and physiological relationship 
with HPC - remains to a great extent unexplored. Lesion, anatomy, and a handful of in vivo 
physiology experiments have demonstrated that the LSC plays a role in contextual, social, and 
affective aspects of cognitive function. Here we investigate the role of the lateral septum in 
navigation and contextual encoding with simultaneous HPC/LSC in vivo recordings. LSC 
neurons were phase-locked to the theta rhythm and modulated by hippocampal sharp wave 
ripples. High frequency oscillations (80-160 Hz) were also present in the LSC local field 
potential, were accompanied by an increase in LSC firing rates, and traveled in a directional 
manner within LSC. Surprisingly, a large number of HPC/LSC neuron pair cross-correlograms 
showed suppressed spiking with a ~20-40 millisecond delay, suggesting that HPC output has an 
indirect inhibitory effect on LSC activity, possibly through feedforward inhibition. During goal 
directed spatial navigation a subset of LSC neurons showed a novel form of phase precession 
relative to HPC theta oscillations. They precessed over long segments of maze runs (up to 3 
meters), were independent of the heading and velocity of the animal, and were not accompanied 
by large firing rate changes. An additional subset of LSC neurons were found to be strongly 
modulated by a specific local context, independent of allocentric location and distal cues. These 
neurons fired almost exclusively when the animal occupied its home cage, and were greatly 
suppressed during exposure to novel environments (with or without task demands), familiar 
environments (up to one month of daily exposure), and home cages with clean bedding or the 
bedding from other rats. These data suggest that certain contexts may hold privileged neural 
representations in the LSC. Experiments in progress will continue to investigate the mechanisms 
underlying these phenomena and whether they reflect local computations, or interactions with 
other structures such as the hippocampal formation. 
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Title: Selective hippocampal-accumbal plasticity is a key substrate of cocaine conditioned place 
preference 
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Abstract: Cocaine conditioned place preference (CPP) is one of the simplest models of a 
cocaine-addiction related behavior, but its underlying neural mechanisms are not understood. To 
test the hypothesized role of plasticity of the projection from hippocampus to nucleus 
accumbens, we performed simultaneous dual site silicon probe recording in mice undergoing a 
cocaine CPP protocol. Our results suggest that CPP is associated with selective strengthening of 
hippocampal-accumbal synapses arising from place cells encoding the cocaine-paired location. 
Further preliminary results suggest differential effects of synapses onto D1- vs D2-positive cells 
in accumbens, as well as behavioral evidence indicating a causal role for this plasticity in CPP. 
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Title: Unit and field potential changes in rats after antidepressant dose ketamine 
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Abstract: Low dose ketamine has gathered interest as a rapid-acting antidepressant with efficacy 
on many patient groups including those with unipolar, bipolar and treatment resistant-depression. 
Here we explore the neurophysiologic correlates of anti-depressant dose ketamine in rats using 
silicon probe recordings in the dorsal hippocampus and frontal cortical regions. Clinical findings 
indicate that ketamine may work with a truly unique mechanism of action relative to other 
antidepressant treatments. Firstly it is known to have unique pharmacologic properties since it 
acts as an NMDA antagonist, an opioid receptor agonist and has cholinergic and dopaminergic 
effects among others. Perhaps more importantly, it is able to alleviate depressive symptoms 
within hours and that effect lasts for days. Understanding the mechanism of action of this 
uniquely effective medication has the potential to teach us a great deal about depression 
treatment approaches fundamentally. We have given 10mg/kg ketamine intraperitoneally to 7 
adult male Long Evans rats while recording from frontal cortex and dorsal hippocampus. We 
find that during the period immediately following ketamine animals are hyperlocomotive for 25-
45 minutes each before reliably going to sleep. During the period of hyperactivity we see 
increased average spike rates among both putative excitatory and putative inhibitory neurons. 
This is in contrast to published findings from similar experiments using other NMDA antagonists 
(1). In many cases we see specific subsets of neurons that are particularly responsive to 
ketamine. We also see increased gamma oscillatory power. We observe a temporary increase in 
the coefficient of variation of population firing rates, decreased bursting activity and an increase 
in excitatory-to-inhibitory ratio. However, none of these changes deviate from what would be 
predicted simply by the increase in locomotion by the animal, given the relationship between 
each of these metrics and times of movement. It is possible that persistent elevated activity in the 
frontal cortex lasting ten of minutes is a mechanism itself for network change due to ketamine, 
consistent with optogenetic stimulation results (2). 
1. Homayoun H, Moghaddam B. J Neurosci. 2007 Oct 24;27(43):11496-500. 2. Fuchikami M, 
Thomas A, Liu R, Wohleb ES, Land BB, DiLeone RJ, Aghajanian GK, DumanRS. Proc Natl 
Acad Sci U S A. 2015 Jun 30;112(26):8106-11  
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Abstract: In recent years, numerous studies have found that the brain at resting-state displays 
many features characteristic of a critical state. Here we examine whether stimulus-evoked 
activity can also be regarded as critical. Additionally, we investigate the relation between 
resting-state activity and stimulus-evoked activity from the perspective of criticality. We found 
that cortical activity measured by MEG is near critical and organizes as neuronal avalanches at 
both resting-state and stimulus-evoked activities. Moreover, a significantly high intra-subject 
similarity between avalanche size and duration distributions at both cognitive states was found, 
suggesting that the distributions capture specific features of the individual brain dynamics. When 
comparing different subjects, a higher inter-subject consistency was found for stimulus-evoked 
activity than for resting-state. This was expressed by the distance between avalanche size and 
duration distributions of different participants, and was supported by the spatial spreading of the 
avalanches involved. During the course of stimulus-evoked activity, time-locked to the stimulus 
onset, we demonstrate fluctuations in the gain of the neuronal system, and thus short time-scale 
deviations from the critical state. Nonetheless, the overall near-critical state in stimulus-evoked 
activity is retained over longer time-scale, in close-proximity and with a high correlation to 
spontaneous (not time-locked) resting-state activity. Spatially, the observed fluctuations in gain 
manifest through anti-correlative activations of brain sites involved, suggesting a switch between 
task-negative (default mode) and task-positive networks and assigning the changes in excitation-
inhibition balance to nodes within these networks. Overall, this study offers a novel outlook on 
evoked activity through the framework of criticality. 
Reference: Arviv O., Goldstein A., and Shriki O., Near-critical dynamics in stimulus-evoked 
activity of the human brain and its relation to spontaneous resting-state activity. Journal of 
Neuroscience, 35: 13927-13942, 2015. 
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Abstract: Spatiotemporal synchronization in the form of phase-locked gamma oscillations (i.e. 
at a time scale of ~30 ms) has been robustly found during cortical processing. Such 
synchronization based on oscillations seems in apparent contradiction to an alternative form of 
spatiotemporal synchronization consistently identified as neuronal avalanches. Avalanches are 
intermittent spatiotemporal bursts of activity governed by power laws and thus lack spatial or 
temporal scale. Previous work demonstrated that the power law in avalanche sizes embeds the 
waxing and waning of nested cortical oscillations (Gireesh and Plenz, 2008). However, the 
temporal domain of avalanches and its relation to oscillations has not been addressed. Here, we 
utilize a shape collapse function, which tests for scale-invariance in avalanche shapes of different 
durations, and relate the quality of this collapse to gamma oscillations. 
Ongoing local field potential (LFP) fluctuations were recorded in three awake Macaque 
monkeys, each with two chronically implanted high-density arrays in superficial cortex (10x10 
electrodes; 400 µm interelectrode distance; 2 premotor, 4 prefrontal). During recordings the 
monkeys were sitting alert without performing any particular task (26 hours total; ~4 hrs/array; 4 
- 23 recording sessions distributed over 5-74 days). LFPs (1 - 100 Hz) were thresholded (-2 SD) 
for each electrode and assembled into peak LFP time rasters (>70 channels/raster). Avalanches 
were extracted at successively increasing time bins Δt (0.5 ms - 30 ms). For each temporal 
resolution, avalanche size and duration distributions were calculated, shapes were averaged by 
duration, and the collapse function was optimized with respect to the scaling exponent. 
Our two main findings suggest gamma oscillations provide a specific temporal scale to neuronal 



avalanches. First, critical exponents calculated from avalanche probability distributions 
underestimated theoretical values, yet were a better predictor than theory for the collapse-
optimized scaling exponent. Second, prominent oscillatory activity was associated with 
heterogeneous avalanche shapes and a failure of shape collapse. This result was found only for 
the range of temporal resolutions (2 ms < Δt < 15 ms) that resolved multiple gamma-cycles 
without overly coarse-graining fine LFP waveform features. We thus conclude that the cortex is 
able to balance oscillations with avalanche activity. In particular, gamma oscillations leave an 
‘imprint’ on the lifetime distribution of avalanches when studied at gamma-resolvable scale, but 
not otherwise. 
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Abstract: Neuronal avalanches are spatiotemporal clusters of activity that propagate in 
superficial cortical layers. They have been considered evidence of critical dynamics as their 
sizes, defined as the number of neurons composing the cluster, are power-law distributed and 
therefore scale-free. In theory, criticality optimizes stimulus sensitivity, information 
transmission, computational capability, and mnemonic repertoires size. Yet, the stability of this 
dynamical regime during external stimulus remains unanswered. Here we study the role of 
functionally different sub populations, in particular cells with different orientation preference in 
the primary visual cortex (V1), in avalanche dynamics.We employed two-photon imaging to 
measure spiking activity in pyramidal cells from V1 of head-fixed mice positioned on a running 
wheel. Viral-injection into cortical layer 2/3 of wild-type mice resulted in robust expression of 
the genetically encoded calcium indicators (GECIs) YC2.6 or GCaMP6s after about 2 weeks. A 
chronic cranial window was centered over V1 and mice were subjected to passive viewing of 
drifting bars at 16 angles (4 s each, randomly chosen) at maximum contrast interspaced by 4 s of 
a gray screen. During stimulation, mice could self-initiate locomotion. Pupil diameter was 



assessed continuously to measure the animal’s state of arousal. About 70 neurons were recorded 
consistently in a ~560 x 560 µm area at a frame rate of ~30 Hz. Spiking increased moderately 
during locomotion and sub populations of neurons were identified to have preferred orientations. 
We analyzed neuronal avalanche statistics in those populations with and without visual stimulus 
present, separating periods according to state of arousal. Power law statistics was found to be 
robustly maintained during stimulation independent of orientation. When directionally selective 
neurons were analyzed separately we also observed power law statistics, similarly to what was 
seen for non-selective cells. Strikingly, these results remain even when only periods of 
stimulation are considered for the analysis, regardless of the specific orientation presented. In 
conclusion, neurons responsible for processing different characteristics of a visual stimulus 
follow the same dynamical rules as those which do not respond to that same feature. 
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Abstract: Epilepsy is a neurological condition caused by disturbances in the electrical activity of 
the brain manifested through multiple etiologies. Over 65 million individuals suffer from 
epilepsy and one-third of these individuals live with uncontrollable seizures because there are no 
known pharmacological treatments to date. A portion of this population is accounted for by 
single-gene epilepsy disorders resulting from mutations within sodium, potassium, or inhibitory 
ion channels. With recent advances in personalized medicine, there is hope not only for diagnosis 
but also for treatment options for these individuals. Central to this vision is induced pluripotent 
stem (iPS) cell technology, which provides a platform to increase our understanding of how 
single-gene mutations result in disease states. Here we illustrate how human iPS cell-derived 
cortical neurons can be used to highlight the “disease-in-a-dish” approach to drug development 
and can act as a springboard to discovering new therapies. We have genetically engineered iPS 



cells with single-gene mutations that result in Dravet Syndrome (SCN1A knockout), autosomal-
dominant nocturnal frontal lobe epilepsy (KCNT1 P924L) or childhood absence epilepsy 
(GABRG2 R43Q). Human cortical neurons were derived from these iPS cell lines and the 
resulting phenotypes were examined by various methods. Here we present morphological data 
(neurite outgrowth and branching) and functional data (electrophysiological MEA or calcium 
flux) comparing “healthy” (wild-type) vs. edited (SCN1A, KCNT1, or GABRG2 mutations) 
neurons illustrating hyperactive phenotypes correlated to the epileptic genotypes. Furthermore, 
we show examples of selective pharmacology that attenuates these observed “epileptic” 
phenotypes. The ability to engineer isogenic wild-type and disease-associated alleles by genome 
editing of human iPSC-derived neurons provides unprecedented access to in vitro models of 
neurological disorders. Collectively our results showcase how iPSC technology can be leveraged 
in the personal medicine space. 
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Abstract: Long-term stress during pregnancy causes neurologic deficits to offspring with altered 
gamma-aminobutyric acid (GABA) system in the brain. However, it is not clear how prenatal 
stress affects the maturing GABAergic interneurons and the resulting abnormalities in infantile 



seizures. Here, we showed that prenatal stress alters the maturation of GABA inhibitory system 
using a seizure model induced by prenatal stress. Prenatal stress with betamethasone or acute 
immobilization stress (AIS) on gestational day 15 increased the seizure susceptibility to N-
methyl-D-aspartate-triggered spasms on postnatal day 15. The expression of GABA was lower in 
the prenatally stressed group, which compromise the decrease of glutamate decarboxylase 67-
immunopositive cells. Prenatal stress markedly decreased the expression of K+/Cl- co-transporter 
(KCC2) in the cortex. GABA induced membrane depolarization demonstrated prenatal stress 
models had significant higher membrane depolarization compared to control. GABA increased 
KCC2 expression in cultured cortex-containing slices. Taken together, our results showed that 
prenatal stress with betamethasone or AIS altered the maturation of GABAergic progenitors and 
resulted in the lack of GABA input, which in turn, decreased KCC2 expression and lowered 
seizure threshold. We conclude that delayed GABA excitatory/inhibitory shift would render the 
cortical neuronal circuit more susceptible to excitatory input in prenatal stress induced seizure. 
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Abstract: Absence epilepsy involves generalized spike-wave discharges (SWDs) concurrent 
with behavioral arrests. One cause of absence epilepsy is a mutation in the γ2 subunit (γ2R43Q) 
of the GABAA receptor. Although the mechanism remains unknown, ‘tonic’ inhibition (TI), a 
constant hyperpolarization of neurons by extrasynaptic GABA that regulates neuronal firing, 
may play an important role. We previously showed that this mutation results in a reduction of 
GABAA receptor subunits that mediate TI in the cortex and thalamus of C57Bl6 γ2R43Q knock-
in mice (RQ), and these mice lack tonic inhibition in these regions. We also previously showed 
that low dose ganaxolone, a selective potentiator of δ subunit-containing GABAA receptors, can 
exactly restore the TI missing in RQ cortical cells and reduce SWD frequency, and L655,708, an 



inverse agonist of α5 subunit-containing GABAA receptors, can decrease TI in cortical cells of 
wild type mice (RR) and causes SWDs. We thus hypothesize that layer II/III pyramidal neurons 
of RQ somatosensory cortex, which lack TI, will have altered firing properties when stimulated 
with current steps in patch-clamp experiments. We further predict that restoration of TI in 
pyramidal neurons of RQ mice, with ganaxolone will restore normal firing properties, whereas 
blocking TI in RR neurons with L655,708 will partially mimic the firing properties in RQ mice. 
Preliminary results confirm that pyramidal cells in the cortex of RR mice (n=7) have a 
6.4±0.4pA (mean±se) tonic current that is reduced to 1.45±0.52pA in RQ cells (n=6; p≤0.012). 
Surprisingly, RQ pyramidal cells regularly fired fewer action potentials (maximum 10.2±1.7; 
n=20) than RR cells (14.8±2.9; n=17; p<0.19) in response to current steps ranging from -100 to 
300pA, although this result was not significant. Additionally, the duration of action potentials 
(width at half maximum) trended towards being longer in RR cells (3.98ms) than in RQ cells 
(2.92ms) at the current which elicited half-maximal spiking (p<0.092). Preliminary results are 
confounded by high cell-to-cell variability, possibly due to heterogeneity of recorded cell types. 
Ongoing efforts to more effectively compare RR and RQ cells involve paired measurements of 
cell responses before and after the addition of drug and immunofluorescent categorization of cell 
types. Ultimately, a better understanding of the role of the loss of TI in pyramidal cell function 
will help us understand the mechanisms underlying absence epilepsy in patients with 
compromised inhibition. 
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Abstract: Dravet syndrome (DS) is a catastrophic epilepsy of childhood caused by mutations in 
SCN1A, a voltage-gated sodium channel. In addition to early-life generalized seizures, comorbid 



conditions such as movement disorder, sleep disturbance, anxiety, early fatality and cognitive 
decline are common. To study the functional consequences of SCN1A mutations, we use 
zebrafish with a loss-of-function mutation in scn1lab, one of two zebrafish scn1a gene paralogs. 
Homozygous scn1labs552/s552 mutant larvae exhibit early-life seizures, metabolic deficits, and 
early death. In order to establish zebrafish as a model for quantifying comorbid conditions in DS, 
we carried out a battery of in vivo assays with scn1labs552 mutants between 3 and 6 days post-
fertilization (dpf). To study motor activity during a seizure, we used high-speed video imaging 
with simultaneous EEG recording in head-fixed zebrafish. In mutants (n=8), long-duration ictal 
events were associated with high-velocity, complex sinusoidal tail deflections >50 degrees and 
lasting 600-1200 msec; interictal events were associated with briefer tail movement and smaller 
angle deflections. To study anxiety, we used locomotion tracking to monitor exploratory 
behavior an open field arena. Mutants exhibited significantly impaired exploratory behavior, 
with increased time spent freezing and time spent in the periphery. To evaluate nighttime arousal 
disturbances, we tracked larvae in 96-well plate format for 24 hours. Locomotor activity during 
night (sleep phase) was higher in mutants compared to controls. To assess cardiac function, we 
measured heart rate using video recordings. No significant differences in heart rate compared to 
controls were observed. We also quantified the distribution of onset of fatality, which occurs in 
the first 14 days postfertilization. Our results demonstrate conserved features of movement 
disorders, anxiety, sleep disturbances, and early fatality in scn1lab mutant zebrafish. 
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Abstract: How seizures arise in the otherwise healthy brain remains poorly understood. One 
way of addressing this is to unravel the circuit changes that are associated with seizure initiation. 
To this end, we sought to test the hypothesis that seizures can eventually be initiated in healthy 
mice solely by repeatedly driving pathological activity in a genetically defined subset of 
neocortical pyramidal cells. We developed a novel kindling paradigm based on repeated 
optogenetic stimulation of primary motor cortex (M1). Channelrhodopsin-2 (ChR2) was 
expressed in M1 of male C57BL/6J mice by stereotactically injecting AAV-CaMKIIa-hChR2-
E123T/T159C-p2A-EYFP bihemispherically. After 21 days of recovery and ChR2 expression, 
animals were kindled by repeatedly illuminating M1 in 3-second-long 50-Hz burst every 48 
hours using a 445-nm laser. Animals were monitored by EEG and video during each session. 
We observed seizures eventually occurring in 6 out of 6 animals after 13 sessions. Seizures were 
defined as EEG power exceeding background levels by two standard deviations for longer than 3 
seconds. We quantified their duration using EEG recordings, and severity using a modified 
Racine scale. We found that seizure duration (r=0.52, p<0.001, n=4), severity (r=0.59, p<0.001, 
n=4), as well as the number of seizures (r=0.48, p<0.001, n=6) increased with session, while 
seizure threshold was decreased (r=-0.59, p<0.001, n=4). We next examined if animals retained 
their seizure susceptibility after being unstimulated for 36 days. Indeed, after pausing 
stimulation, seizures had higher Racine scores (p<0.05, n=5) and lasted longer (p<0.01, n=4) 
than sessions preceding the stimulation hiatus. The seizure threshold (p<0.01, n=4) as well as the 
number of sessions prior to the first seizure was reduced (p<0.05, n=4). Finally, preliminary 
immunohistology for NeuN and GFAP indicated that there was no gross neuronal damage nor 
appreciable glial activation near the injection site. 
In summary, our results show that optogenetic stimulation of a small part of neocortex is 
sufficient to evoke seizure activity in healthy animals. In line with classical kindling findings, we 
found an elevated retention of seizure susceptibility in kindled animals, a decrease in threshold 
for seizure activity, and worsening seizure severity, as well as increased seizure duration over 
time. These results appear to have arisen in the absence of gross brain damage. We anticipate 
that optogenetic kindling may be incorporated as a new means to selectively examine the 
contributions of specific cell populations to epileptogenesis. 
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Title: Innervation of adult-born dentate granule cells by GABAergic transplants in mice with 
temporal lobe epilepsy 
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Abstract: Medial ganglionic eminence (MGE)-derived GABAergic progenitors transplanted into 
the dentate gyrus of mice with pilocarpine-induced temporal lobe epilepsy form functional 
inhibitory synapses onto dentate granule cells (GCs), suppress spontaneous seizures, and 
improve cognitive impairments (Henderson, Gupta, et al 2014; Hunt et al. 2013; Cunningham et 
al. 2015). While hippocampal MGE transplants have been shown to synapse with host brain 
hippocampal neurons, little is known about the neuronal identities of the target cells. 
Considerable evidence has shown that pilocarpine-induced seizures augment adult neurogenesis 
in the dentate gyrus, resulting in populations of hyperexcitable, adult-born GCs that hypertrophy, 
migrate aberrantly, sprout recurrent mossy fibers and form dysmorphic dendrites. In this study, 
we examined in mice with pilocarpine-induced temporal lobe epilepsy whether hilar transplants 
of GABAergic interneurons wire selectively with adult-born GCs. Retroviral (pRubi mCherry) 
labeling was used to identify adult-born GCs at 1, 6 or 12 weeks after status epilepticus. Synaptic 
inhibition onto these cells by the transplanted interneurons was tested optogenetically in 
combination with whole cell voltage-clamp electrophysiology and high-resolution images were 
obtained after biocytin staining. IMARIS 3-D neuron reconstruction software was used to 
examine the morphology of the adult-born GCs with synaptic connections from the transplants. 
We found strong transplant-mediated innervation of cells born at 1 week, 6 weeks, and 12 weeks 
after status epilepticus. The amplitudes of these inhibitory currents correlated with the number of 
transplant-derived boutons on the recorded granule cells. Innervation by transplant was also 
associated with changes in dendritic branching pattern as shown by a significant difference in the 
number of branch points per unit dendritic length (6.32 branch points per 1000 µm dendritic 
length in cells innervated by transplant vs. 8.15 in cells not innervated by the transplant; P < .05). 
Changes in branching pattern were also revealed by Sholl analysis where neurons that received 
synaptic innervation from the transplanted interneurons were significantly less branched than 
non-innervated cells at 20 µm and 30 µm away from their somas (P < .05). However, from 120 
to 160 microns away from the soma, cells innervated by the transplant were significantly more 
highly branched than non-innervated cells (P < .05). These results indicate the ability of MGE-
derived transplanted interneurons to not only provide synaptic inhibition to adult-generated GCs 
but also lead to alterations in their branching patterns. 
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Abstract: Non-psychoactive, phytocannabinoids such as Cannabidiol (CBD) are potential anti-
epileptic drugs (AED). CBD has given hope for patient groups with uncontrollable epilepsy 
where other drug treatments have failed, despite the lack of knowledge of the long-term side-
effects. To better understand the neuro-protective functions of CBD at identified CNS neurons, 
we investigated the neuroprotective effects and mechanisms of actions of CBD using in vitro and 
in vivo models of epilepsy. 
Using immunoperoxidase staining the anatomical distribution of two major classes of 
interneurons, cholecystokinin (CCK) and parvalbumin containing (PV) were determined in 
healthy and epileptic (post kainic acid) rats. 
There was a reduction in the densities of both PV and CCK interneurons, and both cell-types 
showed distorted morphology in the epileptic model. However, following CBD (100mg/kg) 
treatment at zero time and 90 mins post status epilepticus, there was a reduction in cell 
pathology, suggesting that CDB served as a neuro-protective agent. These observations were 
consistent with electrophysiological whole-cell recordings which showed a decrease in hyper-
excitability of principal neurons, whilst selectively enhancing inhibitory interneuron function in 
the KA and in the Mg2+ free in vitro models of epilepsy. 
In summary, the data suggest CBD has a cell-type specific alteration of intrinsic properties of 
neurons in healthy and epileptic brains. CBD also rescues altered morphological properties of 
different interneuron subtypes in epileptic brains. 
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Abstract: Medically-intractable epilepsies are often associated with cortical malformations. One 
common form is microgyria, having multiple small folds with underlying irregular lamination in 
place of normal gyri. Neonatal transcranial freeze lesions in rodents mimic this histopathology 
and the associated epileptiform activity. Using this model, we have previously shown that in 
malformed cortex, somatostatin interneurons (SS) fire at increased frequencies in response to 
depolarizing current and have 3X the normal amount of excitatory synaptic input. Here we bred 
mice to contain Channelrhodopsin selectively in SS in order to examine the level of output from 
these neurons. We hypothesize that in malformed cortex hyperactive SS contribute to 
epileptiform activity via synchronization of columnar activity or via network dis-inhibition 
through their synaptic contacts onto other inhibitory interneurons. Whole cell patch clamp 
recordings were made in ex vivo slices from layer V pyramidal neurons adjacent to the 
microgyrus (paramicrogyral region, PMR) or in homologous control cortex. IPSCs were 
recorded in isolation with glutamate antagonists APV and DNQX in the bath, a high K+ 
intracellular solution, and a voltage clamp holding potential of -70 mV. Blue light was applied 
through a 60X objective centered over the recorded neuron in order to activate the 
Channelrhodopsin and depolarize SS interneurons. The duration of the light was varied from 0.1 
to 2 msec (11 durations) to create an intensity series. Light-evoked IPSCs recorded from 
pyramidal neurons had significantly larger peaks in malformed compared to control cortex (2-
way ANOVA, p<0.05, N = 19 control and 14 PMR neurons). With a duration of 2 msec, the 
light-evoked IPSC had a peak of -167.5±40.5 for control and -510.5±130.4 pA in PMR. 
Repetitive light stimulation at 50 Hz produced significantly more depression of the IPSC in 
malformed, compared to control cortex, suggesting an increased release probability. When the 
light was moved to layer II/III above the recorded neuron, there was no significant difference in 
the IPSCs produced in PMR compared to control, suggesting that the increased output from SS 
in malformed cortex is specifically within layer V. Field potential recordings were also made 
during light activation of SS with 0.2 mM Gabazine (GABAA antagonist) in the bathing medium. 
Under these conditions epileptiform activity was evoked after selective stimulation of SS in the 



PMR only and not in control cortex. These results suggest that output from SS is enhanced in 
malformed cortex and contributes to the production of epileptiform activity. Supported by NIH 
NS054210. 
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Title: NSAID treatment reverses age-related changes in hippocampal neurogenesis 
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Abstract: Dysregulated inflammatory signaling could contribute to age-related cognitive decline 
through effects on hippocampal and olfactory bulb neurogenesis. We tested whether non-
steroidal anti-inflammatory (NSAID) drug treatment could reverse age-related declines in 
neurogenesis and spatial behavior in male Fischer 344 rats. Baseline cognitive ability was 
assessed in young (4-6 mo; n=32), middle-aged (10-12 mo; n=32), and aged (18-20 mo; n=34) 
rats using a rapid water maze task. In this task, the rats were trained to locate a visible platform 
in a single session and then a hidden platform in a single session 3 days later. Strength of 
learning and memory were tested in probe trials administered immediately and 24h after hidden 
platform trials, respectively. After the first water maze session, the rats were assigned randomly 



to vehicle (200µl of frozen strawberry milk; n=9-11 per age group), rosiglitazone (10mg/kg, 
BID; n=11 per age group), or indomethacin (2.5mg/kg, BID; n=11 per age group) treatment 
groups. Beginning a week after treatment, rats were injected once daily over 3 days with 
bromodeoxyuridine (BrdU, 50mg/kg; i.p.) to label dividing cells and were then trained and tested 
again using the same rapid water maze protocol (without visible platform trials). After the final 
probe session, a subset of the rats from each NSAID treatment group was perfused to quantify 
BrdU+ new and IBA-1+ microglial cell densities and their phenotypes through the hippocampus, 
rostral migratory stream (RMS) and olfactory bulb. Because neurogenesis measures were similar 
between middle-aged and aged rats, we combined these groups into an ‘aging group’ for 
subsequent analyses. In young rats, indomethacin (p < 0.05) but not rosiglitazone increased new 
cell number relative to vehicle. In aged rats, both indomethacin (p < 0.05) and rosiglitazone (p < 
0.05) increased new cell number relative to vehicle. New cells in the hippocampus correlated 
positively with new cells in the olfactory bulb GCL (p < 0.05). Young rats outperformed aging 
rats on hidden platform trials (blocks 2-4; p values < 0.05). Both groups performed similarly on 
the post-treatment immediate probe trial and aging rats actually outperformed young rats on the 
24h probe trial (p < 0.05). Our results suggest that short-term NSAID treatment can reverse age-
related decreases in neurogenesis. 
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Abstract: The amygdala kindling model has been used to identify mechanisms and therapeutic 
strategies for temporal lobe epilepsy (TLE). Hippocampal neural progenitor cell (NPC) 
proliferation increases 2-to 8-fold and neuronal progeny exhibit aberrant morphologies and 
connectivity in kindled rats. We have shown that somatostatin (SST) expression driven by AAV5 



vector technology blocks epileptogenesis in 70% of rats and have preliminarily shown that SST 
expression blocks seizure behavior in epileptic rats. To confirm that kindling increases NPC 
proliferation and neurogenesis, male Sprague Dawley rats (225-250g; n=21) implanted 
bilaterally with stimulating and recording electrodes into the amygdala were sham or electrically 
kindled 2x/day to 3 consecutive Racine Grade 5 seizures. They were injected 48h after the final 
seizure with bromodeoxyuridine (BrdU; 100mg/kg) to label dividing cells and perfused either 4h 
(n=5-6 per group) or 4w (n=5 per group) later to stereologically estimate total BrdU+ and 
microglial cell numbers under light microscopy and their phenotypes under confocal microscopy. 
Significantly more dividing BrdU+ NPCs at 4h (p < 0.001) and surviving BrdU+ cells at 4w (p < 
0.05) were detected in kindled versus sham rats. Kindling upregulated BrdU+/GFAP+/Sox2+ 
Type 1 (p < 0.05) but not BrdU+/GFAP-/Sox2+ Type 2 NPCs. In these rats, IBA+ microglia 
number was similar between groups but a greater proportion of IBA+/CD11b+ microglia (p < 
0.001) and number of activated (p < 0.001) and highly activated (p < 0.05) microglia was 
detected in kindled rats. To test whether SST expression blocked seizure behavior and 
normalized kindling-induced aberrant neurogenesis, male Sprague Dawley rats were kindled to 3 
consecutive Grade 5 seizures and were then injected bilaterally into the CA1 region and dentate 
gyrus (2µl/site) with pAAV-CBa-GFP control vector (n=5) or pAAV-GFP-SST vector (n=5) to 
drive SST expression. Three weeks later, rats were given 2-3 test stimulations/week for three 
weeks, injected with BrdU (100 mg/kg, i.p.) 48h after the final stimulation and perfused 4h later. 
The average seizure grade was significantly reduced in pAAV-GFP-SST versus pAAV-CBa-
GFP rats (p < 0.05). Our preliminary data show that pAAV-GFP-SST-treated rats had 
significantly fewer dividing BrdU+ NPCs than GFP-treated rats (p < 0.01) and tended to have 
fewer Type 1 NPCs (p = 0.06) and we are currently quantifying markers of neuroinflammation in 
these rats. These data support the hypotheses that 1) kindling upregulates Type-1 NPC division, 
2) stimulates a neuroinflammatory response and 3) that SST expression may alleviate seizure 
behavior in epileptic rats by normalizing neurogenesis. 
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Title: Persistent somatostatin gene expression treats seizures in a subset of rats with 
experimental temporal lobe epilepsy 
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Abstract: Sustained adeno-associated viral (AAV) vector-mediated neuropeptide expression is a 
promising therapeutic strategy for drug-resistant temporal lobe epilepsy. Somatostatin (SST) is 
expressed widely in the hippocampus and interestingly in hilar GABAergic neurons that are 
vulnerable to death in temporal lobe epilepsy. We previously demonstrated that sustained SST 
expression prevents the development of limbic seizures during early epileptogenesis. Here we 
tested whether sustained SST expression is an anticonvulsant in a rat amygdala-kindling model 
of temporal lobe epilepsy. Rats were electrically kindled until they exhibited 3 consecutive 
Racine grade 5 seizures. Subsequently, AAV serotype 5 vector driving GFP (AAV5-CBa-GFP) 
or rat preprosomatostatin and GFP (AAV5-CBa-SST-GFP) gene expression was injected 
bilaterally into the hippocampal dentate gyrus and CA1 region. Three weeks later, rats were re-
tested at periodic intervals using previously effective seizure-evoking intensities. Kindled rats 
treated with AAV5-CBa-GFP (n=10) continued to consistently exhibit grade 5 seizures upon 
repeated retesting whereas 6/13 AAV5-CBa-SST-GFP-treated rats were highly refractory to 
seizures (p<0.05). Rats were persistently seizure free even with prolonged stimulus repetition. 
These preclinical results suggest that SST may be an alternate therapeutic strategy for 
pharmacoresistant temporal lobe epilepsy. Kindled rats (n=9) also demonstrated a significant 
learning impairment on reversal trials on the Morris water maze swim task relative to sham-
stimulated rats (n=9). Ongoing studies are directed towards testing whether persistent SST 
expression in kindled rats (n=10) normalizes the observed reversal trial deficits relative to 
kindled rats treated with GFP (n=12). 
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Abstract: Epilepsy has been associated with dysfunction in hippocampal neurogenesis. In rat 
neurotoxic models increased neurogenesis in acute and sub-chronic conditions followed by a 
severe decline has been reported. The time-course from increased to decreased neurogenesis is 
not generalizable across models. In in the KA mouse model of epilepsy a decline in neurogenesis 
has been detected to occur as soon as 7 days after the KA injection. Thus, Heinrich et al. (J 
Neurosci. 2006; 26:4701-13) reported a gradual fall in neurogenesis at 1 week and virtual loss of 
all neurogenesis by 4-6 weeks after the initial seizure episode. Our data confirm a decrease in 
neurogenesis on the second week after systemic kainic acid injections in mice. We also found a 
concomitant decline of Shh transcription, Shh protein and the expression of Shh downstream 
pathway molecules ptc-1, smoothed (smo) and gli-1 on the second and fourth week after KA 
injections. As the Shh signaling pathway is a major regulator of neurogenesis, the down-
regulation of Shh detected in parallel to declined neurogenesis posed the question of whether 
selective activation of the Shh pathway could rescue neurogenesis in the KA model. Indeed, we 
found that the down-regulation of Shh pathway and the decreased neurogenesis could both be 
rescued by systemic administration of SAG (smoothed agonist). Furthermore, activation of Shh 
pathway reduced seizures frequency and decreased the number of astrocyte infiltrates. The latter 
effect suggests that Shh in the SGZ favors neural over astroglial generation. Shh has been found 
to negatively regulate astrocytes and interruption of Shh signaling in postnatal astrocytes by 
removal of smoothened resulted in reactive gliosis ( Garcia et al. J Neurosci. 2010;30:13597-
608). This is significant because astrocytes are the mayor cellular source of inflammatory 
infiltrates and astrogliosis has been directly implicated in the genesis of epilepsy. Several studies 
suggest that the reduced neurogenesis found in chronic animal models of epilepsy and human 
temporal lobe epilepsy, can be associated with persistence of spontaneous recurrent motor 
seizures, memory impairments and depression. Inducing SGZ neurogenesis using Shh and other 
trophic proteins has been suggested as therapy in the context of depression and can have 
potential applications in epilepsy. 
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Abstract: Manganese (Mn) is an essential nutrient for neurological function and emerging 
evidence suggests that Mn deficiency is significantly associated with epilepsy in both humans 
and animal models. While Mn and iron share metal transporters for absorption and distribution in 
the body, disrupted iron homeostasis leads to altered Mn transport. In particular, both humans 
and mouse models with genetic iron overload exhibit reduced blood Mn levels. However, it is 
unclear whether iron loading impairs Mn metabolism in the brain. To investigate the role of brain 
iron loading in Mn-associated brain dysfunction, brain samples from the H67D HFE-mutant 
mice, a mouse model of brain iron loading, and their control wild-type mice (8-10 wk old) were 
analyzed for Mn-dependent proteins and neurochemical markers related to the epilepsy. First, 
H67D mice showed elevated brain iron levels by 20% (p = 0.001), as determined by inductively 
coupled plasma mass spectrometry. Notably, H67D mice displayed decreased Mn levels in the 
blood by 70% (p = 0.033) and in the brain by 7% (p = 0.011). Moreover, the activity of 
mitochondrial superoxide dismutase, an essential Mn-dependent antioxidant enzyme maintaining 
mitochondrial function, was reduced by 13% (p = 0.026). In addition, the expression of 
mitochondrial complexes decreased by 41-52% (p < 0.050) in H67D brains. These results 
demonstrate impaired Mn transport and Mn-dependent cellular function in H67D mice, which 
could consequently cause neurochemical alterations related to epilepsy. Since decreased 
GABAergic signaling contributes to the development of epilepsy, we quantified GABA levels in 
the brain by HPLC. H67D mice displayed reduced GABA levels in the brain by 32% (p = 
0.041). In addition, H67D mice showed a 178% increase of GABA-A receptor α2 subunits 
(GAR2 α) as determined by qRT-PCR (p < 0.001), consistent with the findings in the mouse 
model of temporal lobe epilepsy. We found a significantly increased expression of glutamatergic 
receptor subunits NR2A (55%, p = 0.021) and NR2B (177%, p = 0.003) receptors in H67D 
brain, indicating up-regulation of glutamatergic signaling. This is consistent with findings in 
epileptic patients who exhibit increased expression of NR2 receptors in the brain. Together, our 
results demonstrate that brain iron loading impairs Mn metabolism and disrupts GABAergic and 
glutamatergic neurotransmission, which could predispose the development of epilepsy. 
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Abstract: Neonatal seizures are associated with long-term cognitive and behavioral deficits, 
including autism. Our labs have found that pentylenetetrazol (PTZ)-induced neonatal seizures 
prematurely unsilence thalamocortical synapses and disrupt critical period plasticity in the 
auditory cortex (Sun et al., in review), indicative of altered excitatory-inhibitory (E-I) balance. 
Although the inhibitory GABA circuit is initially underdeveloped at birth, E-I balance coincides 
with the maturation of the inhibitory parvalbumin (PV) interneurons. One marker of increasing 
PV cell maturity is their association with perineuronal nets (PNN). These PNN-associated PV 
cells represent the end of the critical period and an attenuation of plasticity (Hensch, 2005). Here 
we examine whether early-life PTZ seizures further disrupt E-I balance by altering the postnatal 
maturational profile of PV cells in the primary auditory cortex (A1). 
We induced acute seizures in male C57BL/6J mice by daily i.p. injections of PTZ (60mg/kg) 
from P9-11, with saline-injected littermates used as controls. Mice were sacrificed for 
immunohistochemistry at P12, 15, 20 and 40 (control: n = 5, 7, 4, 7; PTZ: n = 5, 4, 6, 6, 
respectively), and evaluated for the number of PV cells with (PV PNN+) and without PNN (PV+ 
only) in layer 4 of A1. We observe a developmental increase in the number of PV PNN+ cells 
within layer 4, with the greatest increase occurring between P12 and 15 in both PTZ and control 
mice (p<0.05, P12 vs P15/20/40). However, no difference in the number of PV+ only or PV 
PNN+ cells is observed at any age between PTZ and control groups (p>0.05), indicating that 
neonatal PTZ-induced seizures do not affect the number of immature or mature PV cells within 
A1 layer 4. Interestingly, PTZ treated animals exhibit a trend to increased PV gene expression in 
homogenized A1 collected during the auditory critical period, measures indicative of either cell 
number changes in other cortical layers, or molecular changes not affecting cell number. We are 
currently analyzing cell numbers in each cortical layer to evaluate if the RT-qPCR increase can 
be attributed to changes in cell number. Our combined results suggest a change in PV cell 



maturation in A1 following PTZ-induced seizures. This indicates that early-life seizures can alter 
local inhibitory networks, which may affect plasticity in areas related to language acquisition. 
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Title: Axonal sprouting in commissurally projecting parvalbumin-expressing interneurons 
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Univ. of Minnesota, Minneapolis, MN 

Abstract: Reorganization of hippocampal microcircuitry is a hallmark of temporal lobe epilepsy 
(TLE), the most common form of epilepsy in adults. A detailed examination of hippocampal 
reorganization is necessary to understand the progression of the disease as well as to identify 
new potential therapeutic targets. Previous research has shown that in vivo on-demand 
optogenetic stimulation of inhibitory interneurons expressing parvalbumin (PV) is sufficient to 
suppress seizures in a mouse model of TLE (Krook-Magnuson et al., 2013). Surprisingly, this 
intervention was capable of attenuating seizures when PV-expressing interneurons were 
activated ipsilateral or contralateral to the presumed seizure focus, raising the possibility of 
commissural inhibition in TLE. There are mixed reports regarding commissural PV interneuron 
projections in the healthy hippocampus, and it was previously unknown whether these 
connections, if present, are maintained or modified following the network reorganization 
associated with TLE. Using retrograde tracer and viral vector labeling techniques, we reveal that 
healthy control mice do indeed possess a population of commissurally projecting hippocampal 
PV interneurons. Additionally, we show that commissural PV interneuron projections target 
several subfields of the contralateral hippocampus. In the intrahippocampal kainate mouse model 
of TLE we see a slight and not statistically significant decrease in PV interneurons labeled with 
retrograde tracer from the contralateral hippocampus 2 weeks following kainate injection. This 



effect does not last, however, and the percentage of commissurally projecting PV interneurons 
returns to baseline levels already 1 month following kainate injection. Interestingly, by 6 months 
post-kainate there is a significant increase in retrogradely labeled PV interneurons, indicating 
long-range inhibitory axonal sprouting. These findings suggest that PV interneurons supply 
direct inhibition to the contralateral hippocampus, and to our knowledge, are the first report of 
such long-range inhibitory axonal sprouting. 
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Title: Complex, dynamic roles for GABAergic interneurons in initiation and maintenance of 
optogenetically induced seizures 
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Abstract: GABAergic interneurons play critical roles in seizures, but it remains unknown 
whether these vary across interneuron subtypes or evolve during seizure initiation, propagation, 
maintenance, and termination. This uncertainty stems from the unpredictable timing of seizures 
in most models, which limits neuronal imaging or manipulations around the seizure onset. To 
overcome these challenges, we developed a mouse model for optogenetic seizure induction. 
Combining this with calcium imaging, we find that seizure onset rapidly recruits parvalbumin 
(PV), somatostatin (SOM), and vasoactive intestinal polypeptitde (VIP)-expressing interneurons, 
whereas excitatory neurons are recruited several seconds later. Optogenetically inhibiting VIP 
interneurons consistently increased seizure threshold and reduced seizure duration. By contrast, 
inhibiting DlxI12b-labeled PV+ and SOM+ interneurons reduced both seizure threshold and 
seizure duration, suggesting that these interneurons suppress seizure initiation, but may help 
maintain ongoing seizures. These results show how an optogenetically-induced seizure model 
can be leveraged to pinpoint a new target for seizure control: VIP interneurons. 
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Abstract: Introduction: ARX is a transcription factor expressed throughout interneuron 
development. Mutations in ARX lead to a spectrum of neurodevelopmental conditions with 
epilepsy as a common feature. Arx is important for interneuron development but continues to be 
expressed postnatally. We have previously begun to determine the anatomical, behavioral, and 
physiological implications of post natal Arx loss, but the exact physiological changes and 
transcriptional alterations are unknown. To address this question, we have utilized a conditional 
Arx mutant mouse (ArxcKO) that results in loss of Arx in post natal parvalbumin (PV) cells and 
we performed single cell physiology in cultured ArxcKO and WT cells and are performing RNA-
seq on isolated mature PV cells. 
Methods: To temporally aboragate Arx from PV cells, we crossed a floxed Arx mouse (Arxfl/fl) 
with a PV-Cre;tDtomato mouse (PVCRE;Tom- mice who express the flourescent reporter tDtomato 
in PV cells),resulting in complete loss of Arx in PV cells from post-natal day (P)14. For single 
cell recordings we cultured cortical neurons from P0 ArxcKO and PVCRE;Tom mice. Single cell 
voltage and current clamp recordings of visually identified pyramidal and non pyramidal cells 
were performed in a HEPES buffer solution using standard protocols. To isolate PV positive 
interneurons from adult mice (P35-40), we use the MACs dissociator system (Miltyeni Biotec) 
followed by FACS sorting of the dissociated cortex. Sorted cell RNA was isolated using Trizol 
and the purified RNA sequenced using the Illumina miSeq platform. Bioinformatic analysis of 
the RNA seq data will be performed. 
Results: Single cell recordings recapitulated the in situ ArxcKO mice recordings. We found a 
lower frequency of IPSCs at -40 mV in the pyramidal cKO cells. The ArxcKO mean AHP was 
lower, Rheobase and action potential amplitude higher for the cKO pyramidal cells. In addition, 
the firing frequency at 60mV above rheobase was lower for cKO as was the EPSC frequency. 



But all did not reach statistical significance at this time. Isolation of PV cells resulted in 
approximately 30,000-40,000 cells per ArxcKO cortex with low RNA yields. RNA-seq 
experiment is being performed. 
Conclusions: We confirm our previous studies showing alterations in the firing and intrinsic 
properties of ArxcKO pyramidal cells but in cultured neurons. We also can successfully isolate 
mature PV cells for RNA sequencing to determine what genes are regulated by Arx in the mature 
neuron. These data will allow us to hypothesize on downstream targets of Arx that could be 
implemented as an approach to restoring normal function in patients with Arx mutations. 
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Title: Optogenetic stimulation of principal cells can trigger or dampen ictogenesis. 
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Abstract: Seizures in temporal lobe epilepsy can be classified as hypersynchronous (HYP) and 
low-voltage fast (LVF) according to their EEG onset patterns. Experimental evidence suggests 
that LVF onset seizures mainly result from the synchronous activity of GABA releasing 
interneurons while HYP onset discharges are contributed by excessive excitatory 
neurotransmission as well. In this study, we tested this hypothesis using the optogenetic control 
of calcium/calmodulin-dependent protein kinase II (CaMKII)-positive principal cells in the 
entorhinal cortex (EC) of transgenic mice, in the in vitro 4-aminopyridine (4AP) model. We 
found that optogenetic stimulation of CaMKII cells using 20 ms light pulses at 2 Hz for 30 s 
changed both the onset pattern of spontaneous ictal discharges from LVF to HYP discharges and 
the predominant high frequency oscillations at ictal onset from ripples to fast ripples. Under 
similar experimental conditions, stimulating these cells using 1 ms pulses at 1 Hz for 180 s 



reduced the frequency and duration of spontaneously occurring ictal discharges in some trials, 
while completely blocking ictal discharges in others. Our data demonstrate the involvement of 
principal cells in the initiation of HYP onset ictal events as well as the ability of continuous low 
frequency stimulation of principal cells to disrupt ictogenesis. 
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Title: The feasibility of epileptic seizure prediction using intracranial high frequency 
connectomics 
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Abstract: High frequency oscillations (HFO, 100-500 Hz) in cortical networks have been shown 
to underlie seizure generation in human intracranial electroencephalographic (iEEG) recordings 
as well as in in-vitro recordings in various animal models of hippocampal and neocortical 
epilepsy. HFOs in contrast to other epileptiform discharges such as sharp waves or spikes are the 
most reliable marker of the epileptogenic area leading to the best surgical outcome when used to 
define the extent of surgical resections. We assessed the spatiotemporal dynamics of HFOs in 
pre-ictal, ictal and post-ictal states in contrast to interictal in four patients with intractable 
epilepsy. Based on band-pass filtered (80-500 Hz) iEEG signals recorded by right fronto-
temporo-parietal 8×8 electrode grids, we constructed corresponding functional networks by 
computing pairwise inter-electrode normalized mutual information (NMI) coefficients for each 
one-second segment of iEEG data and interpreted the resulting 64×64 NMI matrices as weighted 
undirected graphs with electrodes representing nodes and NMI coefficients serving as weighted 
edges. We specifically assessed nodal community dynamics to analyze the temporal evolution of 



network topology. Following the concept that seizures can be identified by changes in HFO 
network community structure, we computed the relative change in HFO partition distance using 
a sliding window. In all patients, the relative change in the community structure of the interictal 
state was consistently small, confirming high temporal stability of HFO network partitions 
during this state. However, network community dynamics started to show critical (> 8%) 
changes up to 50 s prior to the seizure onset, thus effectively warning against an ensuing seizure. 
Interestingly, despite widely varied electrographic patterns of cortical activity before the seizure 
onset, during the electrographic seizure and after seizure termination, the modular dynamics of 
cortical networks remained remarkably similar. Consequently, a sudden, distinct change in the 
community structure of the HFO-based dynamic NMI networks was indicative of an imminent 
epileptic seizure. These findings demonstrate the feasibility of the proposed approach in 
developing a seizure warning pipeline, based on the concept that electrographic seizures can be 
characterized by a breakdown of modular structure of HFO networks. 
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Abstract: Temporal lobe epilepsy (TLE) is associated with characteristic neuronal loss in the 
hippocampal CA3 and CA1 regions and in the hilus and with a dispersion of the dentate granule 
cell layer. These changes induce structural plasticity, in particular sprouting of mossy fibers 
(MF) into the dentate molecular layer which is associated with recurrent connectivity that has 
been described decades ago and intensely investigated. We have recently shown that MF 
sprouting also affects their projection to the CA2 region in a mouse model for TLE (Häussler et 
al., 2016, Hippocampus): MF sprout into the CA2 pyramidal cell layer and build aberrant 
somatic synapses on pyramidal cells. Here we aimed at a more detailed characterization of 
aberrant MF synapses with respect to their expression of synaptic proteins. In addition, we 
measured epileptic activity in the CA2 region in a higher spatial resolution than previously. To 
this end, we performed intrahippocampal kainate injections in adult transgenic Thy1-eGFP mice 
(M-line, Feng et al., 2008, Neuron), which express enhanced GFP mainly in granule cells and 
MF, and accomplished immunocytochemistry when recurrent epileptic activity and granule cell 
dispersion have developed. We localized the CA2 region according to the expression of specific 
proteins (regulator of G-protein signaling 14 (RGS14) or Purkinje-cell protein 4 (PCP4)) and 
combined these with the synaptic markers synaptoporin, bassoon, vesicular glutamate transporter 
1 (vGlut1) and glutamic acid decarboxylase (GAD). Identification and quantification of synapses 
was performed with Imaris-based 3D reconstruction. In addition, in a subset of mice we 
implanted high resolution neural probes for in vivo recordings into the CA2 region to measure 
pyramidal cell firing and epileptic activity. We show that MF synapses in the CA2 region of the 
kainate-injected hippocampus express the synaptic proteins synaptoporin and bassoon which is 
in favor of a functional synaptic apparatus in the aberrant synapses. Interestingly, they develop a 
dual phenotype with expression of vGlut1 as well as GAD indicating that intrinsic compensatory 
processes have taken place that may aim at reducing overexcitation. Nevertheless, CA2 shows 
strong epileptic population discharges as well as multi-unit firing pointing towards an active 
contribution to epileptic activity. Support: DFG (grant HA7597), Excellence Cluster 
‘BrainLinks-BrainTools’ (DFG-grant EXC1086), BMBF ERA-Net NEURONII CIPRESS 
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Title: In vivo multi-layer calcium imaging of elastic cortical seizure progression 
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Abstract: Mapping the fine details of epileptic seizure progression is key to understand the 
pathophysiology of epilepsy. Yet, the in vivo dynamics of seizure progression in densely labeled 
neural populations have remained unknown. We combine fast in vivo two-photon calcium 
imaging (30-Hz) with field electrophysiology to map neocortical seizure spread at cellular 
resolution in a mouse model of acute pharmacological seizures. We find strikingly reliable 
recruitment of local cortical cell populations, which is appreciable even at the single cell level. 
Glass microprism assisted multilayer imaging reveals that this reliability holds true across the 
cortical column. Further, we uncover layer-specific temporal delays during the lateral spread of 
ictal activity, suggesting an initial supra-granular cortical invasion followed by deep layer 
recruitment. Intriguingly, despite the same propagation pathways, successive seizures show 
pronounced compression or expansion in time. We propose an epilepsy circuit model resembling 
an elastic meshwork wherein ictal progression faithfully follows preexistent neural pathways but 
can flexibly vary in time. 
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Title: Role of potassium/chloride co-transporter (KCC2) in 4 aminopyridine (4-AP) induced 
epileptiform activity 
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Abstract: 4-Aminopyridine (4-AP)-induced epileptiform activity is a well-established model of 
epilepsy. 4-AP increases neuronal excitability by reducing outward voltage-gated potassium 
currents (e.g., A and D-currents) leading to increased release of transmitters at both inhibitory 
and excitatory terminals. Recent findings point to the involvement of the potassium/chloride co-
transporter (KCC2). In this study, we used 60 channel multielectrode array recordings to 
characterize spatio-temporal patterns of the epileptiform activity induced by bath application of 
4-AP to acute mouse hippocampal brain slices. At low concentrations of bath applied 4-AP (25 – 
75uM) we observed interictal spikes characterized by bursting at low frequencies (~1 Hz). At 
higher concentrations (100 – 200uM) we observed both ictal and interictal events, with ictal 
events characterized by synchronized activity in the frequency range of 10 – 15 Hz. In all cases, 
the CA3 subregion of the hippocampus appeared to have the largest activity as compared to CA1 
and dentate gyrus (DG). Upon application of the KCC2 antagonist, VU0240551, the higher 
concentrations of 4-AP were no longer able to generate ictal activity, however the interictal 
activity remained relatively unchanged at all concentrations. These results are consistent with our 
past studies of the cortical epileptiform activity and support the hypothesis that in 4-AP 
conditions the increased release of GABA leading to activation of GABAA receptors and 
intracellular Cl- overload activates KCC2 which then triggers extracellular K+ increase. This 
initiates ictal activity. KCC2 works to extrude both Cl- and K+ from the intracellular medium, and 
has been shown to be sensitive to changes in the intracellular Cl- concentrations. We further 
explored this hypothesis in a biophysically realistic conductance-based network model including 
excitatory and inhibitory neurons with dynamic ion (K+, Na+, Ca2+, Cl-) concentrations. In our 
model, under normal conditions, an increase in intracellular Cl- for a brief period (5s) in both 
excitatory and inhibitory neurons resulted in ictal-like activity. In accordance with our 
hypothesis, reduction of the KCC2 co-transporter prior to the increase in intracellular Cl- in the 
model was able to prevent seizures. Overall, we show that (1) development of interictal and ictal 
activity in the hippocampus is dependent on 4-AP concentration, (2) reduction of KCC2 co-
transporter activity prevents the generation of 4-AP induced ictal activity in the hippocampus. 
Our study provides further evidences for the critical role of the KCC2 co-transporter in the 
generation 4-AP induced epileptiform synchronization. 
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Abstract: Scale-free dynamics, with a power spectrum following P ∝ f -ß are found in many 
complex processes in nature. We asked if scale free dynamics were modulated in epileptogenic 
brain tissue. We analyzed data from 13 patients with mesial temporal or neocortical epilepsy 
who had been implanted with intracranial clinical depth electrodes for the purpose of localizing 
the seizure onset zone. We examined the power law relationships of power spectral density for 
the inter-ictal recordings from each macroelectrode contact in all of our subjects. Overall, 664 
out of 780 macroelectrode recordings exhibited a clear power-law relationship in the power 
spectral density (R-sqaured > 0.85). We found that among these macroelectrode recordings, the 
slope of the power law (β) was steeper in the non seizure onset zone channels (-3.2291 ± 0.6262) 
than the seizure onset zone channels (-3.0512 ± 0.6152) (unpaired two-tailed t-test, n = 664, p = 
0.0255), indicating that physiological mechanisms specific to the seizure onset zone influence 
scale-free dynamics. In macroelectrode recordings we also determined the probability 
distribution of the size of negative deflections in the EEG. While we observed power-law 
relationships in these negative deflections, β was less than -1.5, suggesting that these areas of the 
brain were not operating at criticality. We did not observe any difference between the slopes of 
the seizure and non seizure onset zones in the range of the power law slopes. Future work will 
determine whether or not certain areas in the epileptic brain function at criticality, and whether or 
not criticality is found exclusively outside the seizure onset zone. 
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Abstract: The link between diet and epilepsy remains contentious and the mechanisms through 
which diet modulates seizures are not well elucidated. Recent evidence suggests that diets 
leading to low blood-glucose precipitate seizures associated with absence epilepsy. Absence 
epilepsy is a non-convulsive seizure disorder characterized by a sudden arrest of consciousness 
and 3-5Hz spike-and-wave discharges (SWDs) in the electroencephalogram (EEG). SWD 
generation involves thalamocortical circuits comprised of neurons within the reticular thalamic 
nucleus, primary thalamic nuclei and the cortex. Herein, we investigate how hypoglycemia alters 
thalamocortical (TC) circuit activity. We first demonstrate in two rodent models of absence 
epilepsy, the DBA/2J mouse and the WAG/Rij rat, that hypoglycemia increases SWD occurrence 
(127%, p<0.001; 51%, p = 0.025) and duration (36%, p=0.002; 7.5%, p=0.18) after a 16 hour 
fast. Seizure exacerbation was associated with decreased blood glucose levels (18% drop, n=10, 
p=0.29; 28% drop, n=11, p<0.001) and increased ketone bodies (270% increase, n=12, p<0.001; 
53% increase, n=6, p=0.001), in mice and rats, respectively. To determine whether ketone 
bodies, an alternative energy substrate, affect SWD activity, we measured SWD occurrence and 
duration following injection of insulin. The injection lowered blood glucose (71% decrease, n=6) 
but did not significantly change ketone body levels (n=6). Nonetheless, insulin injection 
increased SWD occurrence (139%, p=0.043) in WAG/Rij rats, thus suggesting that SWD 
modulation occurs specifically via a drop in blood glucose. In vitro current- and voltage-clamp 
recordings suggest hypoglycemic conditions shift TC firing activity from tonic spingle-spike 
firing to seizure-associated burst mode in response to a low-glucose perfusate. One potential 
molecular mechanism conferring glucose sensitivity to TC neurons is the ATP-sensitive 
potassium channel (KATP). Immunohistochemistry, in situ hybridization and qPCR confirm 
expression of KATP channels in TC neurons. Moreover, patch-clamp recordings from TC neurons 
using KATP channel modulators demonstrate functional KATP-channel expression in the thalamus. 
We are currently assessing whether modulation of KATP channels mediate glucose-dependent 
absence seizure expression. In sum, we demonstrate that hypoglycemia modulates 



thalamocortical circuits likely involved in absence seizure generation. These findings further 
support the hypothesis that environmental factors, like diet, influence the occurrence of epileptic 
activity in the brain. 
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Abstract: Multi-electrode arrays have seen increasing use in both nonhuman primates and 
humans. One of the most popular devices is the “Utah Electrode Array” (UEA), which consists 
of a 10-by-10 grid of ~1 mm long electrodes spaced 0.4 mm apart. In order to overcome the 
surface resistance of the brain, these arrays are typically inserted using a pneumatic piston that 
applies 15-20 psi of pressure over ~200 ms. This insertion is a traumatic procedure known to be 
accompanied by microhemorrhages and ultimately to lead to reactive gliosis around the 
electrodes (Fernandez et al. 2014). In our experience, inserting UEAs into primary visual cortex 
(V1) of macaque monkeys (n=5) has never resulted in abnormal activity, and the responses of the 
single- and multi-unit activity have been consistent with the abundant literature on V1, including 
basic receptive field properties, like orientation tuning, and higher order properties such as 
feature-matched surround suppression (Trott & Born 2015). However, when we performed a 
second manipulation—the inactivation of feedback from V2/V3 by cortical cooling—we 
unmasked a latent propensity for epileptiform activity on the UEA in three of three animals. 
Critically, we have extensive experience (9 monkeys) in which we used the same method of 
inactivating V2/V3 with “cryoloops” but recorded from multiple early visual areas with single 



microelectrodes; in none of these cases did we observe abnormal activity. It was only when we 
combined UEAs with feedback inactivation that epileptiform activity occurred. In two of the 
three animals, we recorded normal activity from the V1 UEA for many days prior to cooling, but 
then observed epileptiform activity within minutes of initiating the first cooling session. In these 
animals, the events terminated shortly following the cessation of cooling, and in all three animals 
they became less frequent over the course of weeks to months; none ever generalized beyond the 
confines of the array, and receptive field properties returned to “normal” afterwards. We offer 
three observations. First, the ability of feedback inactivation to trigger epileptiform activity is 
consistent with our previous characterization of the role of feedback in surround suppression 
(Nassi et al. 2013, 2014). Second, the massive data sets acquired from the UEAs for months prior 
to, immediately before, during and after the initiation of epileptiform activity may prove useful 
for testing dynamical models of epilepsy (e.g. Truccolo et al. 2011). Finally, our results suggest 
that the trauma associated with UEA implantation does predispose to abnormal cortical activity 
that may be revealed by subsequent events that lower cortical inhibition. 
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Abstract: Understanding how seizures propagate across the brain is important to informing ictal 
symptomatology and improving treatment strategies in pharmacoresistant focal epilepsy. 
Converging evidence suggests that propagation of focal epileptiform events is restrained by feed-
forward inhibition, although the circumstances and processes which result in failure of the 



inhibitory restraint remain poorly understood. Previous work by our laboratory and others has 
indicated sensory adaptation during repetitive stimulation to result in a reduced efficacy of 
inhibition and attributed this to activity-dependent depression of inhibitory synapses, a 
mechanism also recently suggested to play a key role in seizure propagation. We therefore 
hypothesised that the inhibitory restraint which opposes epileptiform discharge propagation 
might be modulated by local cortical processing to repetitive exogenous stimuli. To test this, we 
exploited our established multi-modal methodology to examine neural and hemodynamic 
responses in cortex during physiological stimulation and recurrent focal acute seizures, and our 
mathematical model that allows decomposition of evoked LFPs into excitatory and inhibitory 
components. Two multi-channel depth electrodes were implanted into visual and adjacent 
vibrissal cortex of the urethane-anesthetized rat, the latter loaded with 4-aminopyridine (4-AP, 
15mM, 1microliter) for induction of recurrent focal seizures. 4-AP was infused into visual cortex 
at a depth of 1500micrometers (5min, 0.2microliters/min) after 280s pre-infusion baseline 
recording. High-resolution spatial measures of oxygenated, de-oxygenated and total 
haemoglobin concentration were obtained using optical imaging spectroscopy. Whisker 
stimulation (16s, 5Hz, 1.2mA) was delivered at two different time-points (1000 and 1500s) 
following 4AP infusion and responses compared to controls to determine the effect of nearby 
epileptic activity on sensory processing and whether ictal propagation is actively promoted by 
nearby sensory stimulation. Laterolaminar properties of epileptiform activity and resultant 
neurovascular coupling processes during the horizontal spread of epileptic activity were 
concurrently assessed using a suite of analysis techniques. Our findings provide novel evidence 
that sensory stimulation can promote the propagation of focal acute seizures in adjacent cortex 
into neighbouring sensory-activated cortex, and indicate complex effects on sensory processing 
in the ictal penumbra. Our results may have important implications for our understanding of 
epileptic network properties and the localisation of epileptic foci. 
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Abstract: The rapidly developing field of connectomics in neuronal microcircuits can be broadly 
divided into two categories: anatomical connectomics and functional connectomics. Anatomical 
synapses can be mapped at a high spatial resolution, but throughput is low and tissue must be 
fixed. Furthermore, although maps of anatomical synapses can be created with a high degree of 
certainty, they do not necessarily predict network function: Other factors (e.g. ion channel 
density) contribute to determining how neurons synchronize and propagate activity. Functional 
connectivity can be measured in living tissue by analyzing correlated activity in populations of 
neurons. In previous work, we have demonstrated that functional connectivity changes 
dynamically with network state. For example, pre-ictal disinhibition unveils scale-free functional 
network connectivity in seizing brain slices (Lillis et. al. 2015). Thus, functional connectivity 
does not necessarily directly reflect anatomical connections - rather, it is a level of abstraction for 
quantifying network output. Here, we used high-sensitivity, red-shifted, genetically encoded 
calcium indicators (GECIs) to analyze functional connectivity, in spontaneously epileptic 
organotypic hippocampal slice cultures, during interictal periods of relatively low activity. By 
imaging sparsely-expressed fluorescent proteins using low-magnification objectives, we were 
able to record from an entire hippocampal slice culture with single-neuron resolution and single 
action potential sensitivity. Furthermore, interneurons were labelled by co-expression of green 
fluorescent protein in DLX-expressing cells. For each of ~500 neurons imaged per recording, an 
output map was computed by identifying “follower neurons” that activated within 100ms of the 
index neuron. Organotypic brain slice cultures have no external connectivity and exhibit robust 
sprouting. Thus computing output maps provides the data to generate input maps for all 
visualized neurons. Using these data we quantify functional network architecture to look at 1) 
input maps for interneurons vs principal cells, 2) the relationship between input and output maps, 
3) the spatial distribution of functional connections. 4) connectivity vs. age and epilepsy. 
Preliminary data suggest that, with the higher sensitivity GECIs used in this study, small-world 
network structure is apparent in “resting state” calcium imaging data. Although this approach 
identifies connections based on correlation, rather than causation, it represents a stride towards 
the ultimate goal of functional network mapping in living tissue. 
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Abstract: Objective: The events that transpire as an epileptic network transitions from a non-
seizing state to a seizure, i.e. ictogenesis, are enigmatic and very difficult evaluate 
experimentally. We have created a distributed network model of the CA3 region of the 
hippocampus that exhibits both interictal spikes and spontaneous seizures. In our simulations, we 
can record any neuronal or network parameter and study how it changes during ictogenesis. We 
can then vary parameters of interest to test their influence on ictogenesis. Methods: Our model 
has a layer of 100 x 100 pyramidal cells, interspersed with a 20 x 20 array of interneurons. The 
neurons are based on a MacGregor single-compartment model. Every neuron is connected to a 
neighborhood of surrounding neurons, using several different strategies for synaptic 
connectivity. Synapses were designed to undergo activity-dependent short-term depression and 
recovery. The amount of glutamate released at a synapse depends on: 1) probability of release of 
a glutamate vesicle and 2) the number of releasable glutamate vesicles currently available at the 
synapse. Both spontaneous release and activity dependent release of glutamate are supported by 
the model. We also model release of GABA at inhibitory synapses. In this presentation, we 
report 1) the nature of ictal activity in this network 2) the role that network connectivity plays in 
seizure generation Results: We found that 1) seizures were comprised of traveling waves whose 
genesis was strongly dependent on the network distribution of synaptic depression and recovery, 
and the region within this pattern where ictal activity began 2) small world connectivity 
increased the probability of ictogenesis, compared to a network connected uniformly. Small 
world connectivity increased seizure probability by increasing the likelihood of sufficient 
activity in an ictogenic region of a permissive pattern of synaptic depression and recovery. 
However, external inputs to uniform networks in ictogenic regions could also generate seizure 
activity. We are currently investigating scale free connectivity in our network. 
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Abstract: In patients suffering from temporal lobe epilepsy (TLE), the physiopathology of 
ictogenesis phenomena associated with tonic-clonic seizures is still under extensive 
investigation. In particular, the role of the different cortical populations is not well understood. 
We combined optogenetic stimulation and whole-cell patch-clamp recordings in mouse brain 
slices to dissect the role of glutamatergic neurons and GABAergic interneurons, prior to and 
during the course of seizure-like events (SLEs) pharmacologically induced in the medial 
entorhinal cortex. Channelrhodopsin-2 (CHR2) was first expressed under the control of 
promoters for specific markers of either of the two most common subtypes of GABAergic 
interneurons, parvalbumin (PV) and somatostatin (SOM). Alternatively, CHR2 was expressed in 
principal glutamatergic cells (PCs) under the promoter of the synaptic vesicular transporter 
VGlut2. Direct optogenetic activation of GABAergic interneurons was highly effective in 
triggering both interictal and ictal discharges which closely replicated analogue events occurring 
spontaneously. SLEs were associated with a relatively high increase in extracellular potassium 
concentration and were strongly shortened during extracellular perfusion with the GABAA 
receptor antagonist gabazine. Selective PC photostimulation also induced tonic-clonic 
discharges; however, while interneuronal activation failed to stop or shorten the progression of 
ictal events, photostimulation of PCs was surprisingly very functional in abolishing ongoing 
SLEs thanks to a substantial depolarization block effect. Our results suggest that GABAergic 
interneurons are instrumental in initiating, but ineffective in terminating seizures in the medial 
entorhinal cortex. Conversely, selective photostimulation of glutamatergic PCs paradoxically 
blocks the progression of ictal discharges. 
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Abstract: Seizures induced by organophosphorus nerve agents, such as soman, are believed to 
be initiated through overstimulation of the cholinergic system. The substantia innominata (SI) 
provides the principal cholinergic input to structures known to be highly sensitive to generating 
seizure activity (piriform cortex and basolateral amygdala). Using classical techniques, such as 
lesioning or direct injection of drugs, it is difficult to study highly specific neuronal cell types 
within heterogeneous populations, such as the cholinergic cells of the SI and their projections. 
Using an optogenetic approach this proof-of-principle study examined whether inhibition by 
illumination of cholinergic neurons or their projections during seizure onset can modulate the 
spatial and/or temporal extent of seizure activity. Adult male Long Evans-Tg (ChAT-Cre) rats 
were surgically prepared 21 days prior to the experiment with cortical screw electrodes to record 
brain electrocorticograms. An intracranial injection was then made to transduce SI cholinergic 
neurons using a Cre-inducible recombinant adeno-associated virus vector carrying the 
Halorhodopsin gene. Optic fiber segments were implanted bilaterally into the SI, piriform cortex, 
or basolateral amygdala. The indwelling fiber segments were coupled to a DPSS laser (590 nm) 
during experimentation. Animals received HI-6 (125 mg/kg, IP) 30 min prior to soman exposure 
(180 µg/kg, SC). Additionally, animals received atropine methyl nitrate (2 mg/kg, IM) at 1min 
post-exposure followed by 2-PAM (25 mg/kg, IM) + atropine sulfate (0.5 mg/kg, IM) at 5 min 
after the onset of seizures to reduce toxic signs and increase survival without affecting seizure 
activity. Following seizure onset cholinergic SI neurons or their projections to the piriform 
cortex or amygdala were illuminated and electrocortical activity was monitored. Our results 
show that illumination of cholinergic SI neurons or their projections to sensitive brain areas 
modulates seizure activity following soman exposure. These results are the first to show that cell 
type specific manipulation using optogenetics following nerve agent exposure can influence 
seizure activity and indicate the specific involvement of SI cholinergic neurons early following 
soman-induced seizures. 
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Abstract: Surgery is the most effective therapeutic option for patients with drug resistant focal 
epilepsy however 40% of operated extratemporal epilepsy patients do not remain seizure free in 
the long term. In this study, we correlated the results of cortico-cortical evoked potentials 
(CCEP) mapping with the results derived from probabilistic tractography measurements in order 
to revel the epileptogenic cortex. Novel non-invasive mapping methods are needed in the future 
to substitute invasive surgical methods in order to find the epileptogenic cortex. 
One patient with refractory epilepsy was implanted with subdural electrodes prior surgical 
resection. CCEP mapping was performed using bipolar stimulation (10ma, 0.5Hz, 0.2us). Every 
neighboring electrode pairs were stimulated while the evoked potentials were recorded on the 
remaining electrodes. An expert neurologist reviewed the ictal EEG to find those electrodes 
which were involved in seizure onset and early (10 ms) spread. Midpoints between stimulation 
electrode pairs were selected as seed regions and every recording electrode was selected as a 
target region for probabilistic tractography. We correlated the zscore of the CCEP amplitudes 
and mean connectivity values of prob.tractography between the stimulated and the recording 
electrodes. 
We were able to perform probabilistic tractography measurements between desired electrode 
contacts and established an automated method to run measurements between every stimulated 
and recorded contact. From 10 stimulations, 5 correlated significantly with the results of 
tractography using amplitude cross correlation. The significantly correlated stimulations were 
over ictal areas except one and just one ictal stimulation did not correlate significantly with the 
tractography. If the CCEPs can reveal effective connections underlying seizure networks, and 



prob.tract. shows the white matter projections the combination of these two method can facilitate 
to survey the expansivity of the ictal network. 

Disclosures:  L. Entz: None. L. Halasz: None. D. Fabo: None. E. Toth: None. I. Ulbert: 
None. L. Eross: None. 

Poster 

593. Epilepsy: Networks 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 593.14/H23 

Topic: B.11. Epilepsy 

Title: Ventral medial hypothalamus <VMH> and its role in control of spasms. 

Authors: *C.-R. CHERN, L. VELISEK;  
Dept. of Cell Biol. and Anat., New York Med. Col., VALHALLA, NY 

Abstract: Ventral Medial Hypothalamus (VMH) is a part of the hypothalamic network and 
together with the Arcuate Nucleus (ARC) and Lateral Hypothalamus (LH) projects to the 
Paraventricular Nucleus (PVN; directly or indirectly). PVN in turn regulates the hypothalamo-
pituitary-adrenal (HPA) axis. In our previous research, we observed specific seizure phenotype 
in rats after microinfusion of a GABAA receptor agonist, muscimol into the PVN. In this project, 
we determined the role of VMH in the control of spasms by functional activation with 
bicuculline (a GABAA receptor antagonist) microinfusion or by functional inhibition with 
muscimol microinfusion into VMH. We used a rat model of Infantile Spasms (IS). This model 
uses infant rats prenatally primed with betamethasone, in which spasms are triggered with N-
methyl-D-aspartic acid. We evaluated latency to onset of the spasms and the number of spasms 
as a response to microinfusions of muscimol, bicuculline or vehicle into VMH. There was no 
significant difference in the latency to onset of spasms or in the number of spasms between 
control (vehicle-microinfused) and muscimol-microinfused animals. However, we found that 
with bilateral infusion of GABAA receptor antagonist, bicuculline, 50% of animals did not 
develop spasms during the observation time and the remainder experienced a significant delay to 
onset of fully developed spasms. Our data show that VMH participates in control of 
experimental spasms indicating a possible role of medial hypothalamus for pathogenesis of 
infantile spasms. To further investigate these hypothalamic connections we are currently 
examining an additional structure, the dorsal medial hypothalamic nucleus, which also has direct 
connection to the PVN. 
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Abstract: The potent anticonvulsant effect of pharmacological inhibition of the substantia nigra 
pars reticulara (SNpr), originally identified in the early 1980s by Gale and colleagues, has long 
been hypothesized to function by disinhibition of the deep and intermediate layers of the superior 
colliculus (DLSC). The SNpr is a principle source of GABAergic inhibitory input to the DLSC, 
and consistent with this hypothesis, activation of DLSC is also potently anticonvulsant. Selective 
targeting of nigrotectal projections (to the exclusion of projections from SNpr to other regions 
such as thalamus or pedunculopontine nucleus) was not achievable using pharmacological 
approaches. The advent of optogenetics has enabled direct targeting of this pathway, and thus 
direct testing of the DLSC disinhibition hypothesis. We have previously reported that 
optogenetic stimulation of the DLSC is potently anticonvulsant in various models of seizures and 
epilepsy (Soper et al., 2016). Here, we employed intraperitoneal injection of pentylenetetrazole 
(which can trigger both forebrain and hindbrain seizures), focal microinjection of bicuculine into 
the “area tempestas” (to trigger forebrain seizures), intraperitoneal injection of gamma 
butyrolactone (to trigger absence/spike-and-wave-like seizures) and by auditory stimulation (to 
trigger generalized tonic-clonic seizures in genetically epilepsy-prone rats (GEPR-3s)). Rats 
were injected with an AAV coding for the inhibitory opsin, ArchT, into the SNpr and fiber optics 
were implanted either into SNpr (to silence cell bodies) or within the DLSC (to silence 
nigrotectal terminals). We found that inhibition of either SNpr cell bodies or the nigrotectal 
terminals with either unmodulated light or 100Hz pulsed light were effective at reducing seizure 
severity in all models we examined. Interestingly, the magnitude of seizure suppression was 
similar between sites of optogenetic silencing. These data show that selective suppression of the 
nigrotectal pathway is sufficient to account for anticonvulsant effects achieved by inhibition of 



the SNpr. The enhanced specificity provided by this approach may further enhance the 
translational utility and our understanding of this endogenous seizure suppressive circuit. 
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Abstract: Seizures propagate from a focus to multiple brain structures, but the neuronal circuits 
activated during this process are poorly understood. We characterized the temporal changes in 
the activation of brain regions during prolonged seizures of status epilepticus (SE). 
We used TRAP (targeted recombination in activated population of neurons) mice to visualize the 
brain areas activated during SE. In these mice cfos, which is an immediate early gene that is 
activated by neuronal activity, regulates the expression of estrogen receptor-tagged Cre 
recombinase. Administration of 4-hydroxytamoxifen (4OHT) to the mice following a stimulus 
leads to nuclear translocation of Cre and induction of a reporter protein tdTomato in the 
population of active neurons. Because the activation of cfos is transient and metabolism of 
4OHT is rapid, this strategy allows visualization of active neurons in a restricted window of time 
(1 hr prior to 4OHT administration). SE was induced by continuous hippocampal stimulation 
(CHS) for 60 min and cohorts of mice were treated with 4OHT at different times following end 
of the stimulation. The mice were perfused and brains were processed with passive clarity tissue 
clearing technique (PACT) 7 days following SE. Images were acquired on a Zeiss 780 confocal 
microscope. 
Mice that underwent electrode implantation only did not show much activation, tdTomato 
expressing neurons were mostly seen in the ipsilateral hippocampus surrounding the tip of the 



electrode. CHS for 60 min induced SE in mice, the continuous seizure activity typically lasted 
for 120-180 minutes, after which there was low frequency, arrhythmic spike-wave discharges 
lasting 60-90 minutes. In the mice treated with 4OHT 60 min after the end of stimulation (1st 
hour of SE), activated neurons were present mostly in the ipsilateral and contralateral 
hippocampus: dentate gyrus, CA1, CA3 pyramidal layer, lateral entorhinal cortex, olfactory 
cortex and cingulate gyrus. With the progression of seizures, activated neurons were also 
detected in the subiculum, lateral entorhinal cortex, olfactory bulbs, and lateral septum in the 
mice given 4OHT 2 and 3 hr after the end of stimulation, that is during the 2nd and 3rd hour of 
SE. The number of activated neurons reduced in the 4th hour of SE. 
These studies showed that seizures initiate in the hippocampus and there is recruitment of septal 
and cortical regions with the progression of seizures. In conclusion, TRAP mice combined with 
brain clarification and advanced microscopy provide a novel tool to map seizure activity at a 
single cell level. 

Disclosures:  J. Kapur: None. N. Dabrowska: None. S. Joshi: None. J. Williamson: None. 

Poster 

593. Epilepsy: Networks 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 593.17/H26 

Topic: B.11. Epilepsy 

Title: Disruptions of intrinsic functional connectivity during epileptogenesis in a mouse model 
of temporal lobe epilepsy 

Authors: *H. LEE, S. JUNG, P. LEE, Y. JEONG;  
Dept. of Bio and Brain engineering, Korea Advanced Inst. of Sci. and Technol., Daejeon, Korea, 
Republic of 

Abstract: Patients with epilepsy suffer from various cognitive and psychiatric symptoms such as 
learning and memory impairments, emotional instability, and social behavior deficits. Recent 
fMRI studies on temporal lobe epilepsy (TLE) reported that alteration of resting-state functional 
connectivity is associated with these symptoms. One recent study using mice reported that these 
social behavior deficits and related abnormal cortical activity appeared even in the latent period 
of epilepsy when epileptogenesis occur. Understanding the changes in the latent period is critical 
for early diagnosis and management of TLE. In this study, we investigated the alterations of 
resting-state functional connectivity during the latent period in pilocarpine-induced TLE mouse 
model using intrinsic optical signal imaging (IOSI). This technique can monitor the changes of 
local hemoglobin concentration by neuronal activity and can be used for investigating the large-



scale brain intrinsic networks. After seeding on anatomical region of interests (ROI) and 
calculating the correlation coefficients at each ROI, we built functional correlation matrix and 
functional connectivity maps in latent and chronic period of epilepsy. We observed significant 
decreased interhemispheric functional connectivity in frontal, temporal and visual cortex in both 
periods. We also found that the spectral features of low-frequency oscillations are changed in 
certain cortical regions in both latent and chronic period. These results show that the even there 
is no seizure events during the latent period, the change of functional connectivity is ongoing. 
This finding could help to understand the epileptogenesis and can be used for early biomarker. 
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Abstract: Whether interictal spikes (IIS) arise from the ictal onset zone (IOZ) or the extended 
epileptic network as well as the etiology and function of IIS are widely debated. Using in vivo 
wide-field bihemispheric calcium imaging we were able to map the onset site of IIS throughout 
the ipsilateral and contralateral hemisphere in a model of focal neocortical epilepsy. An ictal 
focus was created via local unilateral injection of 4-aminopyradine (4-AP, 500nl, 15mM) in adult 
SD rats under isoflurane anesthesia. Ictal events and IIS were recorded through bilateral LFP 
measurements and simultaneous wide-field calcium imaging. We found that after 4-AP injection, 
93.65% of IIS initiated from the contralateral hemisphere (mirror focus). After focal blockade of 
inhibition with local injection of bicuculline methiodide (BMI, 500nL, 5mM), a GABA 
antagonist, into the contralateral mirror focus the IIS initiation site switched from the 
contralateral mirror focus to the 4-AP IOZ, with 91.43% of IIS now occurring ipsilaterally. In a 
separate group of animals, we injected BMI ipsilaterally ~4mm posterior to the 4-AP injection 
site, after which we observed that the majority (95.23%) of IIS once again initiated from the 



contralateral mirror focus. Consequently, our results suggest that IIS initiation is mediated by 
GABA-ergic cells in the epileptic network. Suppression of network interactions creates an 
environment for IIS to arise from the IOZ. This finding suggests that under certain circumstances 
IIS arise not form the IOZ but the epileptic network, particularly the contralateral hemisphere. 
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Abstract: Epilepsy is a complex multiscale disease, extending spatially from microscopic 
synapses to macroscopic behavioral manifestations. Seizures - the hallmark of epilepsy - exhibit 
multiscale spatiotemporal dynamics that remain incompletely understood. Here we study the 
properties of focal seizures using a unique data set of multiscale recordings from microscopic 
(10x10 grid, 0.4 mm spacing microelectrode array - MEA) and macroscopic (8x8 grid, 10 mm 
spacing) subdural electrode arrays implanted in patients with pharmacoresistant epilepsy. We 
find voltage waves propagating along the brain surface in the local field potential (LFP) recorded 
with the MEA, as well as in the invasive electroencephalogram (ECoG) recordings. To 
investigate the spatio-temporal coupling between those two scales, we measure the coherence 
between pairs of electrodes, both within the micro-electrode array and between micro- and 



macro-scale. We find that coherence increases during seizure at all scales and that the increase is 
larger locally at the macro-scale. The group delay between electrodes identifies the presence of 
planar travelling waves. We find within both the micro- and macro-scale an increased number of 
waves - and increased consistency of these waves - as seizures generalize. We also show that the 
direction of propagation is consistent between spatial scales and from seizure to seizure for a 
given patient. Overall, these results suggest that the spatio-temporal organization of neural 
populations within and between spatial scales increases during seizure. We hypothesize that this 
effect may be due to the local circuit activity at the microscopic scale becoming more strongly 
influenced by macroscopic ictal propagation. We test this hypothesis using a multiscale mean-
field model simulating both ECoG and LFP activity. We show that the presence of a slowly 
diffusing extra-cellular ionic effect can account for a change of spatio-temporal regime during 
seizure, from a non-organized state to an organized state where activity propagates through 
consistent waves. A deeper understanding of ictal spatio-temporal dynamics within and between 
scales may have clinical implications, such as the development of tailored surgical interventions 
or improved guidance for stimulation induced seizure interruption. 
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Title: Observations of high-frequency oscillations at human seizure onset from microelectrode 
array recordings. 
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Abstract: Human seizures are characterized by rhythmic activity that spans a wide range of 
frequencies. High frequency oscillations (HFO, >80 Hz) have been widely reported as a spatial 
and temporal signature of seizure onset. However, many aspects of HFO remain unknown, 
including the mechanisms that govern HFO, why HFO occurs before a seizure and its causal 
relation with a subsequent seizure, and whether interventions should target HFO. Here, we 
examine the features of HFO from microelectrode array (10x10 grid, 0.4 mm spacing) recordings 
in four human patients with pharmacoresistant epilepsy. We characterize the spatiotemporal 
dynamics of the HFO, and the evolution of these dynamics during seizure onset. Preliminary 
results suggest that cross-frequency coupling between fast and slow frequencies occurs, with the 
temporal localization of high frequency oscillations occurring in the troughs of lower frequency 
oscillations. Previous work suggests that HFO evolve in patterns of spreading waves of 
activation, with each wave initiated by activity within a localized cortical region. Here we 
analyze the spatial organization of the microscopic spatial dynamics of HFO and propagation of 
activity. A deeper understanding of HFO at human seizure onset promises new insight into the 
mechanisms of human seizure onset, and possibly treatment. 
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Abstract: GABA(A) receptor blockers trigger seizures while GABAergic drugs are commonly 
used to treat epilepsy, implicating a failure of the inhibitory system as one of the main causes of 
epileptic discharges. However, GABAergic interneurons constitute a diverse neuronal 
population, and the specific contribution of different subtypes of interneurons to the generation 
and maintenance of epileptic activity remains unclear. Accumulating evidence suggests that 
GABAergic signalling may, in some circumstances, even facilitate epileptiform activity. Here, 
we focused on the role of parvalbumin-positive (PV+) interneurons, which mainly provide fast 
perisomatic inhibition, in the generation of spontaneous epileptiform discharges in vivo in a 
mouse model of focal cortical seizures. Acute injection of pilocarpine (3 M, 0.2-0.4 µl) into the 
visual cortex induced either brief inter-ictal bursts (100-500 milliseconds), or ictal-like 
discharges lasting several seconds. We used closed-loop optogenetic stimulation in combination 
with a wireless EEG recording system and automated seizure detection to deliver laser-generated 
light pulses through an optic fibre positioned close to the pilocarpine injection site. 
Channelrhodospin-2 (ChR2) was selectively expressed in PV+ interneurons, enabling us to 
activate PV+ cells during detected pathological discharges. Optogenetic activation of PV+ 
interneurons during periods of inter-ictal like activity facilitated their generation (the last inter-
event interval during 10s-long photostimulation was 21 ± 2% shorter than that during the 
baseline, mean ± SEM, p<0.01, n=8 mice) following an initial transient suppression (the first IEI 
increased by 79±9% compared to baseline, p<0.05, n=11 mice). In contrast, ictal-like activity 
was suppressed by closed-loop photostimulation of PV+ interneurons. The duration of discharges 
was reduced by 35 ± 7% (from 3.35 ± 0.57 s to 1.99 ± 0.34 s, n=8, p<0.05). To investigate the 
temporal relationship between somatic inhibition and its ability to attenuate ictal-like activity, we 
delayed (by 0.5, 2 or >2 s) the delivery of the light pulse after event detection. While photo-
activation of PV+ interneurons 0.5 s into ictal-like events reduced their duration, a delay of 2s 
and more significantly prolonged the duration of seizure-like discharges (by 34 ± 6%, p<0.05, 
n=5 mice). Thus, we infer that increased activation of perisomatic-targeting interneurons has 
both pro- and anti-epileptic action depending on the network state. In addition, the use of 
optogenetic stimulation of PV+ interneurons to suppress ictal-like discharges is restricted to a 
narrow time window after the event onset. 
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Abstract: Epilepsy affects more than 300,000 children under the age of 15 in the United States, 
according to the Centers for Disease Control and Prevention (CDC), and genetic mutation is an 
important contributing factor. It is widely accepted that the alterations in activity, composition or 
distribution of ion channels caused by genetic mutations contribute to the onset of epilepsy. 
DNA sequencing and analysis performed as part of a worldwide research study called Epilepsy 
4000 (Epi4k) recently revealed 329 de novo mutations in patients with epilepsy. Among those 
genes identified, Neural precursor cell Expressed Developmentally Down-regulated 4-like 
(Nedd4-2), was specifically noted. Nedd4-2 encodes a ubiquitin E3 ligase that has high affinity in 
ubiquitinating and degrading ion channels. Furthermore, three missense changes in Nedd4-2 
have also been identified in families with epilepsy. Despite these discoveries, the mechanisms by 
which Nedd4-2 is associated with epileptogenesis are completely unknown. Recently, our lab 
identified the major subunit (GluA1) of an ionotropic glutamate receptor, alpha-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor, as a novel substrate of Nedd4-2. 
Because reduction of the AMPA receptor is known to be critical for leveling down neuronal 
excitability, and a high level of GluA1 is associated with pediatric epilepsy, our findings led to 
the central hypothesis that Nedd4-2 down-regulates neuronal excitability through ubiquitinating 
and degrading GluA1. We applied genetic mouse models, electrophysiological and biochemical 
approaches to investigate the functions of Nedd4-2. With a genetic mouse model, Nedd4-2andi 
mice, in which the predominant form of Nedd4-2 in the brain is deficient, we first found that 
Nedd4-2 is involved in the regulation of neuronal network excitability. Subsequently our data 
also indicated that the epilepsy-associated mutations of Nedd4-2 impair its function of degrading 
GluA1. Our findings reveal the potential link by which Nedd4-2 regulates neuronal excitability. 
Our continuing study will improve our understanding of 1) protein ubiquitination in 
neurophysiology, 2) AMPA receptor dynamics and 3) Nedd4-2-associated epilepsies. 
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Abstract: Epilepsy is a brain disorder marked by recurring seizures. To date, various triggers of 
seizures have been identified, among which one possible cause is the side effects of drugs. 
During the preclinical research process of drug development, animal testing is widely used to 
help screen out the dangerous side effects of drugs. However, it remains hard to predict the 
seizure-inducing side effects of drugs within this process. Here, we developed an in vitro system 
to monitor the effects of drugs on neuronal activities to detect the seizure-inducing effects. Acute 
brain slices of mice were applied with drugs in different concentrations, while the local field 
potential (LFP) of alveus near hippocampal CA1 region being recorded by the 64 channel multi-
electrode. Using this system, we tested 12 kinds of drugs that have been reported with seizure-
inducing effects to various degrees, including picrotoxin, theophylline, aspirin, enoxacin, 
oseltamivir, cimetidine, diphenhydramine, ketamine, methamphetamine, diazepam, imipramine 
and dextran. As a result, drugs reported with high risks of triggering seizures, including 
picrotoxin, theophylline, enoxacin and diphenhydramine, stably caused abnormal firing in 
neuronal networks, as was shown by the abrupt changes in amplitudes of LFP, while other drugs 
showing limited influence. By conducting analysis on the LFP data of different drugs, it was 
possible to collectively evaluate the risks of seizure-inducing. Therefore, this system seems to be 
a useful and sensitive tool in the preclinical research process of drug development for seizure-
inducing side effect prediction, and might serve as an alternative method of inducing in vivo 
animal testing. 
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Abstract: Mutations in the GRIN2A gene - encoding the 2A subunit of the human NMDA 
receptor - have recently been identified as a major genetic cause for a group of related conditions 
along the childhood epilepsy-aphasia spectrum. For many patients, language regression and 
delay, rather than seizures, are the dominant symptoms. However, the EEG of patients within 
this disease spectrum characteristically shows epileptiform activity with a centro-temporal focus 
that is strongly enhanced in NREM sleep. This sometimes results in near-continuous 
epileptiform discharges during slow wave sleep, yet the exact role of sleep and its interaction 
with NMDAR, remain unknown. According to one hypothesis, epileptiform discharges are 
hypersynchronous ‘perversions’ of normal sleep activity, generated by an excitation-inhibition 
imbalance in the thalamocortical sleep circuit. However, evidence for the hypothesis from human 
patients has been limited. 
Dynamic Causal Modelling (DCM) is an analysis framework that fits generative neuronal 
models to empirical data. Using Bayesian estimates of model evidence, DCM also allows for 
direct comparison of competing hypotheses cast in terms of neural models. Recently, it has been 
applied to identify causative synaptic changes underlying neural signatures of anaesthesia and 
seizure propagation from EEG. In this study, we apply DCM to invert a network model of 
relevant thalamic and fronto-temporal nodes for a single patient with a known GRIN2A mutation 
and age-matched controls: Here, cross-spectral densities across sleep stages and epileptiform 
paroxysms are modelled with coupled neural mass models and differences in the spectral 
composition of the EEG signal explained with variations in a limited set of model parameters. 
Inversion over different competing models allows the evaluation of evidence for competing 
hypotheses regarding the interactions of sleep and seizure mechanism. We specifically tested 
whether there was evidence for effective connectivity changes between two bilateral perisylvian 
sources with or without hidden thalamic source. 
Through model inversion DCM analysis yields a fully parameterised forward model, explaining 
the observed changes in EEG output in terms of synaptic changes in a simplified corticothalamic 
network. This reveals interactions between (i) the sleep-stage specific transitions through 
parameter space, and (ii) paroxysmal abnormalities underlying ictal discharges. These findings 
offer a network-level mechanistic description of sleep-related EEG abnormalities in a patient 
with a known GRIN2A mutation, providing a bridge between molecular pathology and network 
level observations. 
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Abstract: Impaired consciousness in temporal lobe seizures has a major negative impact on 
quality of life. Previous work has identified the thalamus, particularly the intralaminar nuclei, as 
a key subcortical arousal region that plays a critical and unique function in regulating arousal, 
attention and goal-directed behavior. There is also growing evidence that the anterior nucleus of 
the thalamus (ANT) may have a role in the propagation of seizure activity due to its direct 
connectivity with the hippocampus. Additionally, relay nuclei such as the ventral posteromedial 
nucleus of the thalamus (VPM) may play a role in the formation of corticothalamic oscillations. 
To better understand possible mechanisms and effects in different thalamic subnuclei during 
focal seizures, we performed separate multiunit recordings in the intralaminar central lateral 
nucleus of the thalamus (CL), ANT, and VPM in an anesthetized rat model of focal limbic 
seizures. We found that during focal limbic seizures, the multiunit activity (MUA) in the CL 
region decreased obviously after seizure initiation, while the ANT demonstrated increasing 
MUA during the ictal period. In both regions, MUA recordings showed that neuronal firing 
slowly recovered during the postictal period. In the VPM, the occurrence of spindle waves was 
markedly increased during seizures. Furthermore, we acquired juxtacellular recordings in the CL 
thalamus to investigate single neuron activity changes during focal seizures. We found that 
single neurons in the CL thalamus fired regularly prior to hippocampal seizure initiation, but 
markedly decreased almost immediately after the seizure began. Firing rates slowly recovered 
during the postictal period and resumed normal firing after variable intervals. Most neurons in 
CL fired with a burst pattern during seizures, but fired single spikes during baseline and after 
recovery. These findings suggest that different subnuclei of the thalamus may play different 
functional roles during focal seizures, including seizure propagation, cortical inhibition, and 
formation of slow oscillations. At the cellular level, reduced firing rates and a burst firing mode 



for identified CL neurons were recorded during focal limbic seizures. Burst firing has been 
previously described in thalamic neurons in states such as sleep or deep anesthesia. These results 
suggest depressed arousal of the CL region of the thalamus, which may suppress the activity of 
the cortex. Further work is needed to characterize activity patterns in other major thalamic 
regions. Decreased subcortical arousal could be a critical mechanism for loss of consciousness in 
focal temporal lobe seizures. 
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Abstract: Impaired consciousness during the ictal and postictal states is a major component of 
morbidity and mortality in epilepsy. The use of deep brain stimulation (DBS) to improve 
consciousness during and after seizures would represent an alternative therapeutic resource for 
patients suffering from medically and surgically refractory epilepsy, with a significant impact on 
their quality of life. To explore this, our lab has developed and uses a rodent model of limbic 
seizures that reproduces the human electrophysiological and behavioral manifestations 
associated with loss of consciousness in temporal lobe epilepsy. Some of our recent work has 
shown that dual-site stimulation of the thalamic intralaminar central lateral nucleus (CL) and 
pontine nucleus oralis (PnO) applied bilaterally during seizures restored normal-appearing 



cortical electrophysiology and markedly improved behavioral arousal in this rodent model. Here 
we have focused on further investigating the effect of this dual-site stimulation on behavior. We 
implement an operant behavioral task to assess performance during and after focal seizures and 
evaluate the cognitive improvements provided by DBS. The task involves responding at an 
instrumental port (nose-poking) toactivate an adjacent reward port, where rats can collect liquid 
sucrose rewards when signaled by a stimulus. During successive training sessions, animals show 
increased percentage of rewards collected, decreased response times, and increased selectivity in 
responding. After training is completed, we implant electrodes bilaterally in CL and PnO, and 
unilaterally in the hippocampus and lateral orbitofrontal cortex. Following recovery, animals are 
reevaluated and, if necessary, retrained in the task until they accomplish optimal baseline 
performance. Seizures are induced by brief 2 second hippocampal stimulation at 60 Hz in some 
of the trials within a session. We then stimulate bilateral CL at 100 Hz and PnO at 50 Hz at 
varying current intensities during and after seizures while synchronously recording 
electrophysiology and behavior. Task performance was impaired during seizures. Further work is 
needed to determine the degree of improvement in performance obtained with the dual site 
stimulation during the ictal and postictal periods. We expect the results that we can obtain 
through the implementation of our experiments to yield substantial information that will further 
elucidate the potential benefits of using multi-site DBS to improve consciousness in patients with 
refractory epilepsy, accelerating the translation of preclinical data into the development of a 
clinical therapeutic resource. 
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Abstract: Absence seizures, consisting of behavioral arrest and concurrent EEG spike-and-wave 
discharges, are the most common type of generalized epilepsy. They are the defining symptom of 
childhood and juvenile absence epilepsy, which are associated with learning difficulties, 
behavioral disorders and other cognitive impairments. The neural activity underlying absence 
seizures has yet to be comprehensively characterized, a development that is imperative given the 
lack of improvement in first-line therapeutics over the past 50 years. Experimental absence 
seizures have hitherto been studied primarily in anesthetized or neurolept-sedated animals, 
introducing a difference in arousal state from the clinical condition that may explain 
discrepancies observed in hemodynamic responses. Consequently, a protocol allowing 
electrophysiological, hemodynamic and behavioral measurements during unadulterated absence 
seizures is needed. Further, recent evidence suggesting inter-seizure variation in the degree of 
behavioral arrest calls for the investigation of arousal and behavioral correlates of consciousness 
during experimental absence seizures. We developed a head-fixation protocol for Genetic 
Absence Epilepsy Rats from Strasbourg (GAERS) that minimized stress and allowed expression 
of seizures. Local Cerebral Blood Flow (CBF) and neuronal activity was thus measured during 
true absence seizures using combined laser Doppler flowmetry, local field potential and 
multiunit activity (MUA) recordings. CBF, in multiple cortical regions, increased by ~5% within 
the first 2 seconds of seizure before decreasing to 95% of pre-seizure baseline over the next ~5s. 
These changes were accompanied by similar changes to the root-mean-squared amplitude of 
local MUA in deep layers of the cortex, which initially increased to ~120% of baseline before 
gradually decreasing to ~90%. These changes are in line with blood oxygen level dependent 
functional magnetic resonance imaging (BOLD-fMRI) changes in human absence seizures and 
completely contrast with prolonged increases in CBF, BOLD, and local neuronal activity in 
sedated animal models. These data strongly suggest that hemodynamics of absence seizures are 
qualitatively altered by sedation, and therefore that mechanisms of absence seizures should be 
studied in undrugged models. This head fixation method has been successfully adapted for fMRI, 
to allow multi-modal assessment of hemodynamics. EEG properties of these seizures will be 
used to relate hemodynamics and neural dynamics to behavioral correlates of similar events, 
elucidating the neural and blood flow mechanisms underlying variations in seizure severity. 
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Abstract: Adult African naked mole-rats demonstrate robust epileptic seizures under conditions 
which are likely to induce brain alkalosis, including hyperventilation. The purpose of the current 
study was to establish appropriate methodology to measure respiration rate in this species, and to 
determine the alkalosis threshold for hyperexcitability in vitro. We first compared pulse oximetry 
(Starr Life Sciences), piezoelectric sensors (PVDF wire, Pinnacle EEG), manual counting on 
slow-motion video, and Eulerian video movement magnification (MIT, CSAIL) to measure 
respiration rate in freely moving naked mole-rats. The pulse oximetry system reported frequent 
loss of signal with throat and collar sensors, likely due to the failure of infrared signal 
penetration through the heavy musculature in the naked mole-rat neck. Better results were 
obtained with a clip on animals' thighs. Piezo sensors connected to a voltage divider and 
recorded on an EEG system detected diaphragm movement, but at this time a finer resolution is 
still needed. High-speed video recorded at 480 frames per second permitted manual counting but 
with difficulty. Eulerian magnification and visual filtering applied in MATLAB exaggerated 
ribcage motion and greatly assisted manual counting, and shows promise for measuring 
laboratory animal respiration if movement is sufficiently restricted. We then recorded 
epileptiform activity in vitro using extracellular electrodes in naked mole-rat hippocampal slices 
to manipulate pH. Most slices recorded showed a measurable spontaneous epileptiform burst 
discharge in area CA3 under routine recording conditions and normal ACSF. When ACSF pH 
was elevated from 7.4 to ~7.6 through the addition of bicarbonate, bursting frequency increased, 
indicating a more rapid turnover in the burst-generating mechanism. When carbogen delivery to 
the slice was removed for 15 minutes and then restored, bursts grew significantly in amplitude 
and duration, indicating greater recruitment of the excitatory network in burst activity during 
relative shifts in local pH. Together, these findings suggest that naked mole-rats can provide an 
excellent model system for understanding the mechanisms of alkalosis-induced hyperexcitability 
in febrile seizures and similar disorders. 
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Abstract: Synaptic transmission is modulated by synaptic adhesion molecules. Altering the 
expression of these synaptic proteins may be a new way to “tune” the synaptic activity, both 
excitatory and inhibitory, and dampen hyperexcitability in epilepsy. The objective of this study 
was to evaluate the expression of some key synaptic adhesion molecules and synaptic proteins 
acutely (6h and 24h), sub-acutely (1w), and chronically (4w) following temporal status 
epilepticus (SE) in rats. We also studied whether protein expression was different in rats that 
developed spontaneous seizures (epileptogenesis) after SE compared to those with only acute 
symptomatic seizures until day of perfusion (seizures occurring within 1 week after a brain 
insult). 
Adult male Sprague Dawley rats underwent electrically-induced temporal SE. Electrode-
implanted rats with no stimulation served as controls. Animals were continuously video and 
EEG-monitored. They were sacrificed 6h, 24h, 1w, and 4w post-SE. Brains were removed, sub-
divided into cortical, subcortical and hippocampal tissue (ipsi- and contralateral to epileptic 
focus), and processed for western blot analysis. 
In the acute phases (6h and 24h) following SE, we detected a small decrease in the cortex of 
PSD-95, a scaffolding protein found predominately on excitatory synapses, which may represent 
an acute reaction to the seizure insult. At 1week, when the vast majority of animals had 
experienced acute symptomatic seizures, protein changes manifested in the hippocampus with 
decreased expression of both postsynaptic proteins PSD-95, gephyrin (scaffolding protein found 
on inhibitory synapses), NL-1 (adhesion molecule in excitatory terminals), and the presynaptic 
protein synapsin II. This decrease was not sustained 4 weeks post-SE, neither in rats with only 
acute symptomatic seizures nor in epileptogenic rats that experienced spontaneous recurrent 
seizures. Instead, we observed 4 weeks post-SE a decrease in the excitatory adhesion molecule 
N-cadherin in the hippocampus of rats that had become epileptogenic compared to rats with only 
acute symptomatic seizures. 



These results demonstrate synaptic protein changes within the temporal epileptic focus 1 week 
following temporal SE, at both excitatory and inhibitory synapses, without spread to other 
cortical/sub-cortical structures. However, these changes were transient. Instead, we found the 
adhesion molecule N-cadherin to be decreased in the hippocampus specifically in rats that 
experience spontaneous epileptic seizures, in addition to the initial SE insult 4 weeks post-SE. 
Further analyses will be needed to verify whether this decrease may predict epileptogenesis. 
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Title: Levetiracetam prophylaxis ameliorates seizure epileptogenesis after fluid percussion 
injury 
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Abstract: To determine whether post-traumatic seizure severity would be affected by the 
interval between seizures and head injury, we measured seizures after various times with or 
without fluid percussion brain injury (2atm fluid percussion injury; FPI). To determine efficacy 
of anti-seizure medication, we also determined if levetiracetam (LEV) would alter the 
relationship between injury and subsequent seizures. Early post-traumatic seizures were induced 
by Kainic acid (KA) at one week after 2atm fluid percussion injury (FPI) in one group (FPI-ES). 
Seizures were induced at two weeks after FPI by KA in another group (FPI-LS). In addition, one 
group had induced seizures by KA without FPI, (sham-ES). Finally one group of animals 
received the antiepileptic agent (levetiracetam) infusion for one week after FPI and then had 
seizures induced by KA (FPI-LEV-ES). We measured seizure onset time, ictal duration and 
severity of seizures using a modified Racine’s scale. Histopathological changes in the 



hippocampus CA1 region were also analyzed. Severity of seizures were increased in the FPI-ES 
group compared with sham-ES animals. Severity was also enhanced in early post-injury seizures 
induced by KA (FPI-ES vs. FPI-LS); this exacerbation of seizure severity could be ameliorated 
by levetiracetam infusion (FPI-ES vs. FPI-LEV-ES). Neuronal degeneration in CA1 was more 
severe in the FPI-ES group and this degeneration was also diminished by LEV. We conclude that 
early post injury seizures exacerbate susceptibility and severity of post traumatic seizures and 
increase neuronal degeneration in the CA1 layer of hippocampus. These changes are partially 
reversed by LEV infusion after FPI. 
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Title: Effects of glucose and 2DG concentration on epileptiform activity in the hippocampus 
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Abstract: In vitro brain slice preparations are typically bathed in artificial cerebral spinal fluid 
(ACSF) with glucose concentrations between 10-20 mM. These concentrations are relatively 
high compared to the in vivo conditions as lack of cerebral vascular autoregulation in slices 
requires higher glucose concentration to support diffusion-dependent delivery to achieve 
physiological concentrations of 2.5-4.4 mM. In rat hippocampal slices, we evaluated the effects 
of glucose concentration on the rate of epileptiform bursting produced by elevating the 
extracellular potassium concentration to 7.5 mM and also evaluated the effects of the glucose 
analogue and glycolytic inhibitor 2D-deoxyglucose (2DG) in suppressing the bursting rate 
relative to the glucose concentration. Extracellular recordings were made from the CA3 region 
and the burst frequency was measured in various concentrations of glucose and glucose with 
added 2DG. Whole-cell voltage clamp recordings from CA3 neurons were made to assess 
spontaneously occurring EPSCs. 
Elevating the glucose to 20 mM from a control level of 10 mM did not alter burst frequency. 
Also there was no change in lowering the glucose concentration to 5 mM, but 2.5 mM glucose 
decreased the burst rate by 57%, and 1 mM glucose resulted in cessation of bursting. ACSF with 



5 mM glucose and 2.5 mM 2DG decreased the bursting rate 42% with minimal additional 
reduction in burst frequency produced by 5 mM 2DG (49%). When 2.5 mM 2DG was added to 
slices bathed in 2.5 mM glucose and 7.5 mM extracellular potassium, the bursting rate decreased 
by 56%. 
2.5 mM glucose decreased the frequency but not amplitude of sEPSCs in control 3.5 mM 
extracellular potassium, suggesting a presynaptic effect of reducing glycolytic flux. In the 
presence of 10 mM glucose, 10 mM 2DG has effects on sEPSCs in 7.5 mM but not at 3.5mM 
extracellular potassium implying that activity is required for 2DG uptake and glycolytic 
inhibition. 
Combinations of reduced glucose and 2DG have synergistic effects in suppressing epileptiform 
bursts in the hippocampus and demonstrate anticonvulsant actions of reduced glycolytic flux and 
glycolytic inhibition on epileptic network synchronization that likely contributes to 
anticonvulsant efficacy of 2DG in multiple acute and chronic rodent models of seizures and 
epilepsy. 
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Title: Regulation of kindling epileptogenesis by hippocampal toll-like receptors 2 
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Abstract: Toll-like receptors (TLR) are key components of innate immunity that recognize 
pathogens and molecules related to cellular dysfunction under conditions of various stressful 
stimuli, including seizures. Seizures result in increased expression of TLR type 2 (TLR2) and 4 
(TLR4) by microglia. While the involvement of TLR types 3 and 4 in ictogenesis and 
epileptogenesis has been well established, the role of TLR type 2 (TLR2) has been sparsely 



explored. The goal of this study was to determine whether TLR2 signaling has modulatory 
effects on seizures in an animal model of limbic epilepsy-hippocampal rapid kindling. A TLR2 
agonist, lipoteicoic acid (LTA, 50 µg, n=8), LTA antibody (LTA-A, 1 µg, n=8) or normal saline 
(control, 1 µl, n=8) were administered daily over 3 consecutive days, unilaterally into ventral 
hippocampus of 50 days-old male Wistar rats. Thirty minutes after the last injection, the animals 
were subjected to kindling (sixty 10-s trains delivered every 5 min; train parameters: 20 Hz, 1 ms 
pulse duration, square wave monophasic stimuli, 50 µA above afterdischarge threshold [ADT]). 
ADT and afterdischarge duration (ADD) were gauged before the treatments, 10 min before and 
24 hrs after kindling. Kindling progression was analyzed by calculating the number of 
stimulations required for the development of focal and secondary generalized complex partial 
seizures. Neither LTA, nor LTA-A affected baseline afterdischarge properties. LTA had no 
effects on kindling progression. However, LTA-A significantly delayed the occurrence of 
behavioral seizures (number of stimulations to reach the first behavioral seizure [focal: LTA-A 
6.5±1.13, saline 1.62±0.26, p<0.001; generalized: LTA 50.25±6.13, saline 25.25±2.67, p<0.01]). 
In addition, LTA-A prevented kindling-induced decrease of ADT (before kindling: 0.76±0.07 
mA; after kindling saline: 0.17±0.03 mA; LTA-A: 0.53±0.07 mA, p<0.001) and increase in 
ADD (before kindling: 30.42±1.54 s; after kindling saline 53.63±5.15 s; LTA-A: 26.25±4.38 s, 
p<0.001). The results suggest the involvement of TLR2 in kindling epileptogenesis and kindling-
induced increase of seizure susceptibility. 
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Title: Attenuation of the changes in the expression of BDNF and cfos in adult mice brain 
undergoing kindling: implications for antiepileptogenic properties of novel antiepileptic 
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Abstract: Purpose: For the development of new drugs for untreatable epilepsy, it is necessary to 
clarify the basic pathophysiology involved and find the target site. Immediate early genes such as 
c-fos followed by expression of brain-derived neurotrophic factor (BDNF) have been evidenced 
as initial important phenomena in the cascade of molecular systems that develop and 
complement the neuronal excitation to long-term neuronal plasticity. Both have drawn much 
attention as a potential therapeutic target for epilepsy. In the present study we have focused on 
the expression of BDNF and c-fos as a target of novel antiepileptic compound isoxylitones [(E/Z 
isomeric mixture] in the model of epileptogenesis. Methods: Kindling was induced by 
pentylenetetrazole. Levels of mRNAs and protein for BDNF and c-fos were analyzed in brain 
samples of mice using RT-PCR and Immunohistochemistry. Results: After the generalized grade 
5 seizures, induced by chemical kindling, increased expression of BDNF and c-fos mRNA and 
protein was detected in amygdala, cortex, hippocampus and thalamus compared to normal group. 
In contrast, the treatment of isoxylitones not only retards the development of epileptogenesis but 
also exhibited a marked reduction in BDNF and c-fos levels. Furthermore, the test compound 
was more effective compared to diazepam since it did not produced neuro- or muscular toxicity. 
Conclusion: The present data suggests that isoxylitones act at the underlying molecular 
mechanism to control the seizure pattern, such as the suppression of BDNF and c-fos in various 
key regions of brain. These results further point out the significance of BDNF and c-fos as a 
target to modify epileptogenic process and to develop antiepileptogenic treatments. Further 
investigations to explore the mechanism of action of these compounds are under process. 
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Abstract: Epilepsy is a devastating disease and effects about 1% of the general population. 
Today symptomatic relief is given with anti-epileptic drugs but in 30 % of the patients the drugs 



are ineffective. Preclinical research use animal-models to mimic the disease in humans. But due 
to the complexity of the disease it has proven difficult to translate the findings and new 
treatments from the animal-models to the human form of the disease. The consequence of this is 
seen in clinical trials that fail even if the preclinical results looked promising. Some of the drug-
resistant patients will undergo surgery to resect the area where the epileptic focus is located. The 
surgery is usually successful and if the tissue can be resected in one intact piece it can be sliced 
and the neurons, as well as the neural networks, studied acutely with electrophysiology. The aim 
for our study was to take advantage of this unique opportunity and create a step in between the 
preclinical animal-models and the clinic. By creating a platform based on the resected brain 
tissue from patients with epilepsy to test promising novel treatments and drugs before forwarding 
them to clinical trials. When the tissue is resected it is carefully moved to our lab, cut into slices 
and kept in an acute state by interface incubation with oxygenised air above and artificial 
cerebrospinal fluid (aCSF) below the slice for up to 48h. Electrophysiological patch clamp 
recordings were performed on individual cells in the granular cell layer in the dentate gyrus at 
3h, 24h and 48h time points. To evoke epileptiform activity the slices were perfused with 0 Mg 
aCSF as well as 0 Mg + 4AP aCSF during electrophysiological recording. Our results show that 
the intrinsic properties of the cells do not change from 3h to 48h of incubation. We have 
recorded spontaneous epileptiform activity in normal aCSF as well as 0 Mg aCSF. However this 
epileptiform activity occur in between long periods of normal activity and is therefore not 
reliable enough to function as a test-platform. By perfusion of 0 Mg + 4AP aSCF we recorded 
robust epileptiform activity with a constant occurrence of epileptiform events. By showing that it 
is possible to keep the slices for up to 48h it enable us to perform more recordings and gather 
more data in the acute tissue condition. This combined with the robust and constant occurrence 
of epileptiform events during perfusion of 0 Mg +4AP aCSF is the key for a test platform. By 
enabling a way of testing novel treatments in human brain tissue before moving on to clinical 
trails time, money and animals can be saved. The resources can be directed into the treatments 
that actually function in the human brain and the ones that do not can be sorted out in an early 
stage. 
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Title: Comparative study in two rodent species of the efficacy of anticonvulsant substances in 
the 6 hz psychomotor seizure test 

Authors: *E. ESNEAULT, G. PEYON, E. SABLÉ, V. CASTAGNÉ;  
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Abstract: The 6-Hz test was originally described as a model of psychomotor seizure 
characterized by differing sensitivity to Phenytoin and Levetiracetam. Usually performed in the 
mouse, this screening test is recommended for identifying potential new anticonvulsant 
substances against partial seizures. The aim of the present study was to evaluate the utility of 
adapting this test in the rat. We first compared the effects of increasing current intensities for 
inducing seizures in the mouse and in the rat, followed by the evaluation of the pharmacological 
profile of anticonvulsant substances in both species. Mice or rats were manually restrained and 
an electrical stimulation was administered via corneal electrodes connected to a constant current 
shock generator. The seizure was characterized by the presence or absence of forelimb clonus 
immediately after electrical stimulation. Following the evaluation of their anticonvulsant effects, 
the possible adverse effects of drugs were evaluated by measuring locomotion. In the rat, the 
forelimb seizure score was intensity-dependently increased and seizures were observed in all the 
animals tested at 44 mA. The seizures were of lower magnitude in the mouse and they were not 
observed in all mice stimulated at 44 mA. Levetiracetam clearly decreased the forelimb seizure 
score over the dose-range 100-300 mg/kg in both species without affecting locomotor activity. 
Valproate displayed anticonvulsant activity at 200 mg/kg and fully protected both species at 300 
mg/kg, a dose producing sedative effects in the mouse. Lamotrigine partially antagonized 
forelimb seizure from 10 to 60 mg/kg in the mouse and from 30 to 60 mg/kg in the rat, but 
induced clear motor impairments at the high dose in both species. Behavioral toxicity 
characterized by seizures was observed with lamotrigine at 100 mg/kg in the mouse. Phenytoin 
showed slight anticonvulsant activity at 10 mg/kg in the mouse and 30 mg/kg in the rat but the 
effects were not confirmed at higher doses. Although the magnitude of seizures was differed in 
the mouse and the rat for a given current intensity, the pharmacological profile of anticonvulsant 
substances in the 6 Hz test was very close in both species. Dose-dependent efficacy of 
Levetiracetam and Valproate was observed in the absence of clear efficacy of Phenytoin. 
Lamotrigine also showed anticonvuslant activity, even if the effective dose was close to the toxic 
dose. The 6 Hz test in the rat can therefore be useful as a screening model prior to follow-up 
models of partial seizures usually performed in the rat, such as the amygdala kindling or the 
pilocapine model of spontaneous recurrent seizures. 
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Title: Rapid astrocyte morphology changes support epileptic activity 
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Abstract: Astrocytes actively contribute to the functioning of neuronal networks. Their close 
contact to thousands of neurons enables them to modulate and maintain neuronal function 
effectively by, for example, buffering potassium and glutamate clearance. A disruption of this 
spatial relationship could be of pathophysiological significance. Indeed, astrocyte dysfunction 
and long-term morphology changes have been implicated in numerous diseases including 
epilepsy. How rapid astrocyte morphology is altered by the onset of epileptiform activity and to 
what degree this contributes to aberrant network activity is largely unknown. Combining 
established protocols of hippocampal epileptogenesis, electrophysiology and two-photon 
excitation fluorescence microscopy allowed us to monitor astrocyte morphology changes during 
the induction of epileptiform activity in acute rodent hippocampal slices. Analysis revealed that 
small and medium-sized astrocyte processes shrink acutely within minutes after epileptiform 
discharges appeared in the CA1 region. Importantly, similar astrocyte morphology changes were 
also detected 30 minutes after induction of status epilepticus in vivo by intracerebral kainate 
injection. In vitro, these astrocyte morphology changes outlasted the induction of epileptiform 
activity, persisted after pharmacological termination of epileptic activity by TTX and were 
sensitive to inhibition of Rho-associated protein kinase (ROCK, Y-27632). Interestingly, ROCK 
inhibition also reduced epileptiform activity, indicating that rapid astrocyte morphology changes 
support epileptic activity. A modification of glutamatergic or GABAergic synaptic transmission 



did not underlie the proconvulsive effect of astrocyte morphology changes. Instead, we observed 
that intracellular diffusion in astrocytes and diffusion between astrocytes via gap junctions were 
significantly decreased in parallel to morphology changes. The reduced astrocyte gap junction 
coupling is likely a consequence of reduced intracellular diffusion because no change of 
connexin 43 and 30 expression and phosphorylation was observed. Thus, astrocytes respond to 
epileptic activity with morphology changes on a time scale of minutes, which reduces intra- and 
intercellular diffusion in the astrocyte network and supports further epileptic activity. Current 
experiments investigate the mechanism (e.g. potassium buffering and glutamate uptake) linking 
acute astrocyte morphology changes and the maintenance of epileptiform activity. 
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Abstract: We performed a genome-wide case-control study in a sample of epileptic Chinese 
Crested Dogs and matched controls to investigate the contribution of genetic variants to the high 
epilepsy risk in the breed. The genotyping was performed using the Canine HD Whole-Genome 
Genotyping BeadChip (Illumina). After quality controls, we obtained a dataset of 27 cases and 
38 controls (Call Rate > 80%) for a total of 106,392 informative autosomal SNPs. Association 
analysis at the SNP level was conducted using PLINK running a logistic regression including 
age, gender and correcting for population stratification. Quality of candidate SNPs detected was 
further assessed by visually inspecting the genotype cluster plots. None of the SNPs analyzed 
reached genome-wide significance (P = 4.7E-07). However, at nominal significance levels we 
observed 7, 15 and 2 SNPs with P < 0.001 in the additive, dominant and recessive models, 
respectively. Among the top genes we observed KHRDBS3, ELAVL2, TCF25, DEF8, PTPRD, 
RNF25, GALNT10, DPYD, ATAD2 and WDYHV1. The association test was rerun for the 



SNPs located in the most potentially biologically relevant genes for epilepsy (KHRDBS3, 
ELAVL2 and PTPRD) with additional samples not included in the GWAS due to call rate, for a 
total of 4 or up to 9 additional samples depending on the SNP. The results confirmed the 
significance for the SNPs located in PTPRD and ELAVL2 (P = 9.9E-05 and P = 9.9E-05, 
respectively). The results for the variant located in KHRDBS3 were not considered due to the 
low quality of the additional samples for that particular SNP. Our preliminary results suggest the 
involvement of variants located in ELAVL2 and PTPRD with epilepsy in the Chinese Crested 
Dog breed. ELAVL2 is highly expressed in hippocampal CA3 pyramidal neurons and hilar 
interneurons. It has also been reported in animal models that Elavl2 protein level in the 
hippocampus is acutely down regulated after a kainic acid induced seizure in the hippocampal 
CA3 region. PTPRD was detected suggestively significant in a GWAS investigating the 
association with remission of seizures after starting treatment in 889 newly treated patients. We 
also observed 2 SNPs located in ADAM23 (P = 0.0012), a gene previously associated with 
idiopathic epilepsy in 4 different dogs breeds. Due to our limited sample size, the results are not 
significant at the genome-wide level after correction for multiple testing. A larger sample size 
will help to confirm the results; however, the biological significance of some of the top genes 
justifies a potential role of these variants in epilepsy in the Chinese Crested Dog. 
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Title: Tumor-associated epilepsy in a mouse model of malignant glioma. 
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Abstract: Glioma is the most common form of adult-onset primary malignant brain tumor, 
affecting approximately 4 per 100,000 people and representing 81% of all malignant brain 



tumors. Low-grade gliomas commonly manifest with a seizure, in approximately 75% of cases; 
high-grade gliomas, called glioblastomas, are associated with seizures in 29-49% of cases 
(Ostrom Neuro Oncology 2014, CBTRUS Statistical Report 2009). Tumor-associated epilepsy 
(TAE) significantly impacts on the quality of life of these patients. 
Initiating events underlying TAE are not well-understood, but are thought to include mass effect 
during tumor growth, with attendant increases in intracranial pressure; loss of interneuron 
populations; aberrant potassium ion channel expression within neurons, leading to depolarizing 
not hyperpolarizing responses to GABA signals; excess glutamate release by the tumor or altered 
responses of cells to this neurotransmitter; alterations in gap junctions between cells; altered 
cation buffering by glial cells or altered glial excitability; pH shifts due to the acidic environment 
created by tumour cells; or localised disruption of neural networks near the tumor (Cowie & 
Cunningham Epilepsy & Behavior 2014). 
An animal model of malignant glioma which demonstrates tumor-associated epilepsy may help 
to elucidate the underlying mechanisms for this phenomenon, although few characterised models 
are available (Kirschstein & Kohling J Neurosci Methods 2015). Recently, a syngeneic mouse 
model of glioma has been developed which reproduces the histopathological and clinical 
characteristics of human glioma on a wild-type background (Mikheev et al. Aging Cell 2009). 
We observe that 26% of these animals manifest seizures, thereby providing a highly reproducible 
context in which to evaluate mechanisms underlying TAE. 
In this study, we conducted histological analysis in seizing and non-seizing animals to discern 
cellular and molecular features associated with this phenotype. Animals with seizures do not 
have significantly larger tumor size or greater infiltration of brain areas, nor do they demonstrate 
significant changes to interneuron population size in the ipsilateral peri-tumoral region, although 
some cellular disorganisation is observed. Future studies will address mechanisms underlying 
TAE by using Utah Arrays to record single-unit activity and field potentials across tissue 
sections containing both tumoral and peri-tumoral regions, while pharmacologically 
manipulating glutamate, GABA, and gap junction signalling. 
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Abstract: Experimental subcortical band heterotopia (SBH) can be modeled in rats by knocking 
down Dcx in embryonic brains using in utero electroporation and RNA interference. These Dcx-
KD rats display altered neocortical excitability, resulting in an increased propensity for 
convulsant induced seizures at juvenile ages and spontaneous focal, absence-like seizures in 
adulthood. These rats however harbor a band heterotopia located in a single hemisphere 
(unilateral), unlike most human patients harboring bilateral and symmetrical SBH. Also, 
spontaneous seizures were rarely observed before 5-6 months of age in unilateral Dcx-KD rats, 
while epilepsy usually begins between childhood and infancy in most patients with SBH. To 
overcome these limitations and increase the strength and relevance of experimental SBH 
regarding the human situation, we recently introduced a novel rat model with bilateral SBH. This 
rat model is generated via in utero electroporation by utilizing a triple electrode configuration 
enabling simultaneous electroporation of the two brain hemispheres (bilateral) instead of a single 
hemisphere in the conventional settings. Histological analyses revealed the presence of 
widespread band heterotopia in both hemispheres of Dcx-KD rat brains. Telemetric EEG 
recording at different age (1-6 months) showed that rats with bilateral SBH develop spontaneous 
recurrent spike-and-wave discharges at early ages. Furthermore, whole cell voltage clamp 
recordings on acute juvenile neocortical slices revealed an increased ongoing glutamatergic 
synaptic activity and the occurrence of spontaneous network driven activities in the cortex 
overlying SBH. Our preliminary results indicate that this novel model could be useful to study 
the mechanisms leading to spontaneous epilepsy in an experimental context more relevant to the 
clinical situation seen in humans. 
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Title: Interneuronopathy in a non-genetic animal model of infantile spasms 
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Abstract: Background: West syndrome is an age-specific type of severe epilepsy of infancy, 
which manifests with characteristic seizures, infantile spasms (IS), and poor prognosis. 
Numerous structural, metabolic or genetic etiologies have been linked to IS. Interneuronopathy, 
a dysfunction or abnormal migration of interneurons, has been associated with certain genetic 
etiologies of IS. We have developed a non-genetic animal model, the multiple-hit rat model of 
infantile spasms due to an acquired structural lesion, to investigate further the pathogenesis of 
West syndrome. 
Objective: Here, we investigate if interneuronopathy is a feature of IS of acquired etiologies. We 
focused on parvalbumin-immunoreactive (PRV-ir) GABAergic interneurons, which comprise 
almost half of the GABAergic cortical interneurons, and investigated whether they are 
selectively reduced in the cerebral cortex of multiple-hit rats with IS. 
Methods: Postnatal day (PN) 3 Sprague-Dawley male rats received right intracerebral injections 
of Doxorubicin and Lipopolysaccharide followed by systemic p-chlorophenylalanine on PN5 
(herein called DLP rats). On PN20, rats were subjected to transcardiac perfusion and brains were 
frozen for histology. PN20 male control rats were also used. Coronal brain cryosections (40µm) 
were stained with a primary mouse anti-PRV antibody (SIGMA, St Louis, MO). PRV-ir cells 
(cells/mm3) from all layers of the left or right sensory (S1, S2) cortex and cortical volumes were 
counted in 8 DLP and 7 control rats, blinded to treatment allocation. Median test was used for 
statistical comparisons. 
Results: In the left sensory cortex, cortical thickness of DLP rats was reduced only to 91.8% of 
controls (P=0.0553), yet there was a preferential reduction in the densities of PRV-ir 
interneurons in DLP rats (median=1006.94 cells/mm3) compared to controls (median=1973.27 
cells/mm3) (P=0.0062). In the right sensory cortex of DLP rats, there was a significant reduction 
in cortical thickness (57.2% of controls, P=0.01) but no further selective reduction in PRV-ir cell 
densities. 
Discussion: In the right sensory cortex, the induced lesion is not cell-type specific, manifesting 
as severe cortical thinning. In the contralateral cortex, however, there is preferential loss of PRV-



ir interneurons. Interneuronopathy can be a feature of certain acquired etiologies of IS extending 
beyond the borders of the primary structural lesion. 
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Abstract: Epilepsy, one of the most common and devastating neurological disorders, is 
manifested by synchronized neuronal seizures that typically begin as a local-circuit phenomenon 
and rapidly spread to remote brain regions, impairing cognition, motor functions and sensory 
perception. Better understanding of the pathophysiology of seizure onset, propagation and 
changes in excitation/inhibition (E/I) balance is required for the development of new therapeutic 
approaches. However, current animal models suffer major weaknesses rendering them less 
suitable for these purposes. Reliable models of epilepsy (e.g., pilocarpine), lack a method for 
seizure induction, whereas reliable seizure models (e.g., PTZ induced seizure), require radical 
interventions in the network activity. We have developed a novel chemo-optogenetic model that 
allows light inducible seizures, with high reproducibility at a defined cortical locus. In this model 
we used AAV stereotactic injections to express an inhibitory chemogenetic tool (hM4D) along 
with channelrhodopsin-2 in GABAergic interneurons of the medial prefrontal cortex. 
Application of the synthetic ligand of hM4D Clozapine N-oxide (CNO) silenced GABAergic 
neurons, as we demonstrated by acute brain slice recordings. Importantly, systemic application 
of CNO in non-anesthetized mice initiated a global seizure within a few minutes, as expected by 
silencing the inhibitory population of neurons. Paradoxically, when the same population of 
inhibitory cells was optogenetically activated days later, prolonged epileptic activity also 
developed, lasting minutes after the light was terminated. We also observed spontaneous 
epileptic activity in some of the animals. Strikingly, systemic pre-treatment of these mice with 



Bumetanide, a blocker of NKCC1 transporters, attenuated the optogenetically-induces seizures. 
NKCC1 pumps chloride into the cells and is not expressed in healthy adult neurons. Therefore, 
our results suggest that seizure-associated re-expression of NKCC1 in neurons raises GABA 
reversal potential, making these synapses less inhibitory or even excitatory. In summary, this 
novel model combines the advantages of both a chronic epilepsy model, as the animals show 
spontaneous epileptic activity, and an acute seizure model, with inducibility by optogenetic 
activation of GABAergic neurons. Seizures are likely to result from a shift of GABA reversal 
potential, rendering the network more excitable. This inducible model allows highly controlled 
testing of the underlying cellular and network mechanisms of seizures, such as changes in the E/I 
balance and their spatiotemporal propagation pattern. 
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Abstract: Evidence supports that status epilepticus (SE) promotes neuronal proliferation and 
differentiation in the adult and developing rodent hippocampus. However, the effect of SE on 
other neurogenic brain regions, such as the cerebellum, has been less explored. The goal of this 
research was to determine whether SE induced by pentylentetrazole (PTZ) and lithium-
pilocarpine (Li-Pilo) increases cell proliferation in the developing rat cerebellum. SE was 
induced in fourteen-days-old (P14) Wistar rat pups (both sexes). PTZ-induced SE was produced 
by injection of 55 mg/kg (n=6); Li-Pilo SE was induced by given 3 mEq/kg lithium chloride on 
the day before the induction of SE with 100 mg/kg pilocarpine hydrochloride. Control animals 
were given an equal volume of saline or lithium chloride followed by saline, respectively. One h 



after SE and the following day, rats were injected intraperitoneally with 5-bromo-2-deoxyuridine 
(BrdU, 50mg/kg). Seven days following SE, rats were anesthetized and transcardially perfused 
with 4% phosphate-buffered paraformaldehyde; control rats were processed similarly. 
Subsequently, the cerebellum was removed and cut (40-µm-thick sagittal sections) in order to 
perform peroxidative immunohistochemistry to detect BrdU in the cerebellar vermis. This 
protocol allowed to quantify the number of cells that incorporated BrdU (BrdU+), indicative of 
cell proliferation, in the granular layer of the vermis. Data were analyzed by a Student t test. 
Results showed a significant increase in the number of cerebellar BrdU+ cells after SE induced 
by PTZ (121 ± 5.5) or Li-Pilo (98 ± 4) when compared with the control group (77 ± 3.4 and 70 ± 
3.2, respectively). PTZ-induced SE increased the number of BrdU+ cells specifically in the 
lobules II (81.5 ± 10.5), III (122 ± 17.5), VIb (165 ± 17.2), VIc (161 ± 24.8), VIII (179 ± 14.4), 
IXa (108 ± 10) and IXb (176 ± 14.3) when compared with the control group (49 ± 7.8, 73 ± 9.4, 
80 ± 15.4, 11.5 ± 96, 93 ± 8.2, 11.9 ± 73 and 82 ± 10.4 respectively). Li-Pilo-induced SE 
increased the number of BrdU+ cells in the lobules II (67 ± 4.3), V (100 ± 11.3), VIc (151 ± 
13.5), VII (130 ± 11.1) and X (87 ± 10.1) compared with the control group (44 ± 8.5, 67 ± 7.3, 
14.7 ± 86, 92 ± 8.2 and 56 ± 7, respectively). In conclusion, SE induced in the developing rat by 
different experimental models increases cell proliferation in the granular layer of the cerebellar 
vermis. 
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Abstract: Mesial temporal lobe epilepsy (mTLE) consists in a paroxysmal neuronal 
synchronous hyperactivity within the temporal lobe, especially in the hippocampus (Hc). 
Because this structure is part of the Papez circuit, we hypothetize that the ictal activity would 
propagate through the various structures of the Papez circuit, namely the anterior nucleus (AN), 
what would contribute to ictal activity maintenance. To verify the involvement of AN in mTLE, 
we recorded the neuronal activity of AN during mTLE on epileptic monkeys. In 4 monkeys (M1 
to M4), penicillin ( 1950-2600 UI ) was injected into the Hc, on demand, at the speed of 
2µL/min) using a mechanical pump connected to a Hamilton syringe, to induce the mTLE for 
about five hours. Temporal seizures were monitored using one Hc quadripolar macro-electrode. 
The AN activity was studied using a chronic implanted macroelectrode to record local field 
potentials in M1-3 and using a microelectrode with a recording chamber in M4. For each neuron, 
we calculated the mean firing rate and evaluated the type of firing pattern (rhythmic oscillatory, 
irregular or regular) during interictal and ictal periods. All monkeys exhibited the first ictal spike 
during the penicillin injection about 3 min after the beginning of the injection and the first 
seizure appeared during the first 30 min. The duration of seizures was of about 30s (29.3 ± 1.2 s 
from M2, with 3-4 seizures by 20min for 4 hours). Seizures were associated with behavioral 
effects, including salivation, tongue automatisms, chewing and highly frequent orofacial 
movements. In M1-3, we observed, within the AN, the occurrence of an ictal activity 
synchronized with all mTLE ictal events recorded in Hc. For all seizures, time frequency 
analysis showed the same frequency composition in the Hc and the AN, with, in M1, a 
significant oscillation at 40Hz in the AN for few seconds at the end of seizures. In M4, 8/30 AN 
recorded neurons showed a significant increase of firing rate time locked to the Hc interictal 
spikes and during the Hc seizures. We also observed that Hc interictal spikes induced, 80 to 200 
ms after, significant biphasic evoked potentials within the AN region. These data show that AN 
neurons are indeed involved during mTLE seizures. This confirms, in non-human primate, that 
AN could be a good target for therapeutic neuromodulation. 

Disclosures:   A. Sherdil: C. Other Research Support (receipt of drugs, supplies, equipment or 
other in-kind support); Medtronic, US. S. Chabardes: B. Contracted Research/Research Grant 
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Abstract: The isolated spinal cord is capable of generating patterns of tonic-clonic seizures 
similar to those observed in intact animals and paroxysmal seizure-like activity could be induced 
by cooling the isolated spinal cord; an experimental model of seizures that depends on release of 
excitatory amino acids (EAA). We examine whether clinically relevant doses of ethanol can 
prevent the onset and severity of spinal seizures. Tonic-clonic seizures of spinal origin were 
generated by sudden cooling to 7 ºC of the isolated spinal cord-hindleg preparation of toads. The 
characteristic phases of seizures and their intensity were assessed by recording muscle 
contractions. The onset and duration of seizures were measured 45 min after intralymphatic 
administration of ethanol at doses of 1.5, 2.5 and 5 g/kg diluted to 10% with Ringer solution. The 
tonic phase of seizures was effectively shortened or eliminated in a dose dependent manner when 
ethanol was given at 1.5 and 2.5 g/kg. At doses of 5 g/kg ethanol abolished all phases of seizures. 
The latency of seizure onset was enhanced by 71% and 145% at ethanol doses of 1.5 and 2.5 
g/kg, respectively. The effect of ethanol on the pattern of seizures was compared with that of 
known antagonists of EAA receptors. We concluded that ethanol inhibition of the tonic phase 
was linked to inhibition of NMDA receptors, while inhibition of the clonic phase of seizure was 
due to its blocking action on AMPA receptors; on the other hand, its effect on the latency of 
seizure onset resembled that of drugs that enhance GABAA receptor activity. 
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Abstract: High mobility group box 1 (HMGB1) acts a signaling molecule regulating a wide 
range of inflammatory responses in extracellular space. HMGB1 also stabilizes nucleosomal 
structure and facilitates gene transcription. Under pathophysiological conditions, nuclear 
HMGB1 is immediately transported to the cytoplasm through chromosome region maintenance 1 
(CRM1). Recently, we have reported that up-regulation of LIM kinase 2 (LIMK2) expression 
induces HMGB1 export from neuronal nuclei during status epilepticus (SE)-induced 
programmed neuronal necrosis in the rat hippocampus. Thus, we investigated whether HMGB1 
involves LIMK2-mediated programmed neuronal necrosis, but such role is not reported. In the 
present study, SE was induced by pilocarpine in rats that were intracerebroventricularly infused 
with saline, control siRNA, LIM kinase 2 (LIMK2) siRNA or leptomycin B (LMB, a CRM1 
inhibitor) prior to SE induction. Thereafter, we performed Fluoro-Jade B staining, western blots 
and immunohistochemical studies. LIMK2 knockdown effectively attenuated SE-induced 
neuronal death and HMGB1 import into mitochondria accompanied by inhibiting nuclear 
HMGB1 release and abnormal mitochondrial elongation. LMB alleviated SE-induced neuronal 
death and nuclear HMGB1 release. However, LMB did not prevent mitochondrial elongation 
induced by SE, but inhibited the HMGB1 import into mitochondria. The efficacy of LMB was 
less effective to attenuate SE-induced neuronal death than that of LIMK2 siRNA. These findings 
indicate that nuclear HMGB1 release and the subsequent mitochondrial import may facilitate and 
deteriorate programmed necrotic neuronal deaths. The present data suggest that the nuclear 
HMGB1 release via CRM1 may be a potential therapeutic target for the programmed necrotic 
neuronal death induced by SE. 
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Abstract: Environmental enrichment (EE) promotes brain plasticity through interaction with 
objects and conspecifics and can protect from results of brain damage as well as mitigate severity 
of deficits after brain injury. Seizures, which involve abnormal neural activity that may 
generalize and provoke convulsions, produce brain injury with each event leading to more severe 
epilepsy in the future. We examined the effects of EE on audiogenic seizure (AGS) frequency 
and severity using a model of acquired recurrent AGS through adolescence. One group of AGS-
prone Long Evans rats (n=21) lived in standard cages and received EE for 1.5-h 18 times from 
postnatal day (pnd) 32 to 60, and a control group of AGS-prone rats (n=18) remained in standard 
cages, received no EE, but were picked up periodically to control for handling. For all rats, 12 
audiogenic responses (AGRs) were induced with 120 dB broadband noise on the same schedule 
between pnd 32 and 62. Severity of the seizure disorder was measured as latency to AGRs (wild 
running, shorter is more severe), and intensity of AGSs was measured as the duration of clonus 
(longer is more intense). When regressed on EE condition and induction session, 11% of the 
variance AGR latency was explained (p<.05) with latency decreasing by 52% for control and by 
26% for EE rats exhibiting AGRs. Similarly, 8% of the variance in AGS duration was explained 
by the regression on EE and induction (p<.05) with seizure duration remaining unchanged across 
inductions for control and decreasing slightly (-6%) for EE rats exhibiting AGSs. While 86% of 
controls had seizures at the final inductions, only 50% of EE rats exhibited AGSs at these 
inductions (p<.05). One hour after the final induction, seizure-prone rats were sacrificed and 
brains were processed to visualize a neural activity marker, c-fos protein, in the lateral amygdala 
(LA), which is a critical relay in the network allowing anomalous excitation to reach the 
forebrain. EE brains revealed an increase of neural activity of 954% over baseline while control 
LA showed an increase of 509%. While not changing the rate of AGR occurrence or intensity of 
seizures when they occurred, EE did reduce the number of seizures experienced. The LA data are 
intriguing with EE enhancing rather than suppressing LA activity evoked by AGR induction as 
the behavioral data might predict; however, the activity may be of inhibitory interneurons and 
bares further investigation. Particularly during the critical developmental period of adolescence, 



EE may provide a relatively simple, benign, non-invasive alternative to pharmacological or 
surgical treatment for seizure disorder, which may produce unintentional brain injury. 
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Abstract: Interneuron-based cell therapy has gained an increasing amount of attention owing to 
its promising potential to rectify diseased neural networks, including epilepsy. Our previous 
work showed that transplanting embryonic GABA progenitors, derived from the medial 
ganglionic eminence (MGE), into epileptic mice suppresses spontaneous seizures and improves 
learning behavior (Baraban et al. PNAS 2009; Hunt et al. Nat. Neurosci. 2013). It is thought that 
the therapeutic effect results from synaptic integration of these cells in host circuits. However, 
details underlying integration of MGE-derived interneurons have yet to be fully explored. Here, 
by employing optogenetic and electrophysiological approaches, we further investigated the 
properties of grafted interneurons and the functional impact of them on local circuits in a cell-
type specific manner. Embryonic MGE cells were transplanted into the hippocampus of WT 
mice at postnatal day 2. ChR2-eYFP was expressed in MGE-derived donors driven by GAD2-, 
or PV- or SST-Cre. We first characterized intrinsic properties of MGE-derived interneurons 
starting at 30 days after transplantation, and found that they share common attributes with their 
corresponding types of native interneurons. We then focused on the postsynaptic connections 
between MGE-derived interneurons and native pyramidal cells; spontaneous IPSC frequency and 
the kinetics of light-evoked IPSCs were analyzed. As expected, IPSC frequency was increased in 
regions containing transplanted MGE-derived interneurons. In all cases, optogenetic activation of 
MGE-derived ChR2-expressing interneurons evoked IPSCs on native pyramidal neurons with 
normal kinetics; light-evoked IPSCs were blocked by the subsequent addition of gabazine (a 



GABA receptor antagonist). Next, we explored the impact of excessive activation of grafted 
interneurons on native pyramidal neurons. We used input-output curves to probe changes in 
excitability and in the dynamic range of spiking upon synchronized interneuron activation. 
Optogenetic activation of MGE-derived ChR2-expressing interneurons in the vicinity of a native 
pyramidal cell right-shifted its I-O curve. This parallel shift suggests that MGE-derived 
interneurons alter the circuit by simply imposing an inhibitory shunt to pyramidal cell activation 
and not affecting the gain (slope) or the dynamic range (max frequency). Taken together, our 
results show that MGE-derived interneurons functionally integrate into host circuits in a cell-type 
specific manner, and that even with excessive activation transplanted cells do not alter host 
circuit function in a non-specific, nor deleterious, manner. 
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Abstract: Status epilepticus (SE) initiates epileptogenesis to transform normal brain to epileptic 
state which is characterized by spontaneous recurrent seizures (SRS). Prior to SRS, progressive 
changes occur in the brain soon after SE, for example, loss of blood-brain barrier (BBB) 
integrity, neuronal hyper-excitability (epileptiform spiking), neuroinflammation [reactive gliosis, 
high levels of reactive oxygen/nitrogen species (ROS/RNS)], neurodegeneration and synaptic re-
organization. Our hypothesis was that modification of early epileptogenic events will alter the 
course of disease development and its progression. We tested the hypothesis in the rat kainate 
model of chronic epilepsy using a novel disease modifying drug, 1400W, a highly selective 
inhibitor of inducible nitric oxide synthase (iNOS). In an in vitro mouse brain slice model, using 
a multi-electrode array system, co-application of 1400W with kainate significantly suppressed 
kainate-induced epileptiform spiking. In the rats, in vivo, four hours after the induction of SE 
with kainate, 1400W (20 mg/kg, i.p.) was administered twice daily for three days to target early 
events of epileptogenesis. The rats were subjected to continuous (24/7) video-EEG monitoring, 



remotely, for six months from epidurally implanted cortical electrodes. The 1400W treatment 
resulted in >90% reduction in SRS when compared to the vehicle-treated control group 
(257±113 versus 19±10 episodes) during the six month period. Immunohistochemistry (IHC) of 
brain sections at seven day and six month revealed a significant reduction in; reactive astrogliosis 
and microgliosis (M1 type), extravascular serum albumin (marker for BBB leakage) and neuro-
degeneration in the hippocampus, amygdala and entorhinal cortex in the 1400W-treated rats 
when compared to the vehicle control. In the seven day group, hippocampal Western blots 
revealed downregulation of inwardly-rectifying potassium (Kir 4.1) channels and glutamate 
transporter-1 (GLT-1) levels in the vehicle group, and 1400W treatment partially reversed Kir 4.1 
levels, however, GLT-1 levels were unaffected. In the six month group, a significant reduction in 
mossy fiber staining intensity in the inner molecular layer of the dentate gyrus was observed in 
the 1400W-treated group. Overall these findings demonstrate that 1400W potentially modifies 
epileptogenesis and the severity of the chronic epilepsy. 
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Abstract: Introduction: The branched chain amino acids (BCAAs) valine, leucine, and 
isoleucine are essential amino acids that are diet-derived. There is increasing evidence to suggest 
that BCAAs are critical for several functions in the brain, including glutamate synthesis (and 
thus glutamine and GABA synthesis), intracellular signaling, immune modulation and 
mitochondrial health. However, there are conflicting data on the role of the BCAAs in the 
pathophysiology of brain disorders such as epilepsy. The objective of this study was to determine 
the effects of chronic BCAA ingestion on hilar neuronal loss in a rodent model of mesial 
temporal lobe epilepsy (MTLE). Methods: Sixteen rats were randomly divided into two groups: 
8 rats drank a 4% aqueous solution of all three BCAAs (BCAA group) ad libitum for 31 days, 
and the other 8 rats drank regular water (control group) for the same period. After 10 days of 



drinking, a microinjector was surgically implanted in the right dentate gyrus to continuously 
infuse the glutamine synthetase inhibitor methionine sulfoximine (MSO) for 28 days. After 31 
days of drinking, rats were perfused transcardially with 0.9% NaCl followed by 4% 
formaldehyde in phosphate buffer. The brains were removed and fixed, sectioned on a 
Vibratome at 50-µm thickness, and were mounted on a gelatin-coated slides and stained with 
NeuN. Neuron counts in the hilar region were performed ipsilateral to the infusion site using a 
stereological technique. Results: Rats in the BCAA group had 37% fewer neurons in the dentate 
hilus than the control group (5.8 x 10-4 ± 6.8 x 10-5 vs 8.9 x 10-4 ± 5.6 x 10-5 cells respectively, 
p<0.01). Conclusions: This study demonstrates that chronic ingestion of BCAAs aggravates 
hilar neuronal loss in a rodent model of MTLE. This study gives important insight into how 
BCAAs may affect neuronal viability. Although the role of BCAAs in seizure formation is 
unknown, these results suggest that BCAAs may play an important role in neurochemical 
modulation and neurotoxicity. 
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Abstract: Adult neurogenesis is a developmental process encompassing the birth of new neurons 
and their integration into the existing neuronal circuitry. As new neurons begin the process of 
integration, they pass through a transient period of heightened plasticity, which is called the 
critical period. This period lasts ~2 to 4 weeks in rats, and it is during this time that newborn 
cells are more excitable than their mature counterparts enabling these new neurons to play a key 
role in supporting hippocampal functions, such as spatial learning and memory. However, with 
aberrant stimulation, this critical period might be significantly compressed resulting in adult-born 
neurons integrating and becoming functionally quiescent at earlier time points. To test this 
possibility, we examined the impact of chronic seizures on the temporal progression of network 



integration of new neurons. We labeled dividing cells with the proliferation marker BrdU before 
commencing with pentylenetetrazole (PTZ) kindling for a period of 1 or 2 weeks. To examine 
integration and activity of newborn and mature neurons, we examined for the expression of 
immediate early gene markers of neural activity (IEGs: Fos and Zif268) following 30-minute 
exposure to novel spatial environment. As expected, exploration of a novel environment 
significantly increased the number of Fos+ and Zif268+ cells in the dentate gyrus of non-kindled 
controls. In contrast, rats that received 1 or 2 weeks of PTZ kindling showed fewer Fos+ and 
Zif268+ cells in the dentate following exposure to the novel environment. Preliminary co-
localization analysis showed that significantly fewer BrdU+ cells were activated following 
exploration of the novel environment in kindled rats compared to non-kindled controls. These 
findings raise the possibility that chronic seizures might interfere in the ability of new neurons to 
integrate and functionally participate in behavioural circuits. We are currently assessing the 
effect of longer durations of kindling on network integration of adult-born neurons as well as 
examining the role of GABA signaling in regulating the plasticity of new neurons in the epileptic 
brain. 

Disclosures:  A. Kalinina: None. J. Carr: None. H. Turner: None. H. Lehmann: None. N.M. 
Fournier: None. 

Poster 

594. Epilepsy: Animal Models 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 594.27/K4 

Topic: B.11. Epilepsy 

Support: NIH T32MH17168 

 NIH R01 NS082046 

Title: Dentate granule cell hyperactivity contributes to cognitive comorbidities in temporal lobe 
epilepsy 

Authors: *J. B. KAHN1, C. YUE4, H. TAKANO4,2, D. A. COULTER1,3,4;  
1Neurosci., 2Neurol., 3Pediatrics, Univ. of Pennsylvania, Philadelphia, PA; 4Children's Hosp. of 
Philadelphia, Philadelphia, PA 

Abstract: Although epilepsy management focuses on ameliorating seizure activity, patients must 
cope with a host of complicated cognitive comorbidities, which many patients find more 
detrimental to daily life than the seizures. However, the neural mechanisms mediating these 



cognitive impairments in temporal lobe epilepsy (TLE) are not well defined. The dentate gyrus 
(DG) is fundamental for cognitive functions in the hippocampus, a structure that TLE seizures 
highly activate, particularly pattern separation. Pattern separation is mediated by remarkably 
sparse activation in the DG’s granule cells (DGCs). Sparse DGC activation has a secondary 
effect: the DG limits cortical input to the hippocampus and acts like a “gate,” the failure of which 
may contribute to the excessive cortical-hippocampal activity underlying TLE seizures. Our 
laboratory previously found a more than 10-fold increase in DGC activation patterns following 
epilepsy onset in our TLE mouse model. In this study, we used Designer Receptors Exclusively 
Activated by Designer Drugs (DREADDs) to hyperactivate DGCs in otherwise normal mice to 
isolate the potential cognitive consequences on a hippocampal memory task. In the spatial object 
recognition (SOR) task, mice are exposed to 3 objects; 24 hours later, one object is moved, and 
the amount of time the mice explore the displaced object (DO) reflects if the mice recognize a 
change in their spatial environment. Wild type mice performed well on the SOR task, spending 
significantly more time exploring the DO compared to the non-displaced objects (NDOs). 
However, epileptic mice failed to discriminate. Mice that received viral injections of the 
excitatory DREADD to the dorsal DG were given either saline or CNO injections i.p. 1 hour 
before the SOR testing trial. The saline group successfully discriminated between the DO and 
NDOs, while the CNO group failed to discriminate. hM3D-receiving mice were a transgenic line 
in which fos drives expression of tdTomato when tamoxifen is present, called Fos Targeted 
Recombinase in Active Populations (FosTRAP). FosTRAP is an inducible, permanent marker of 
activity, providing a “snapshot” of the number of DGCs that were recruited during the behavior, 
and confirming that CNO did not induce seizure-like activity. Voltage sensitive dye recordings in 
slices confirmed that CNO increases the number of DGCs that fire in response to stimulation. 
These data collectively suggest that DREADD-driven hyperactivation of the DGCs was 
sufficient to compromise behavioral performance. Thus, DGC hyperactivation may be a critical 
factor in TLE cognitive comorbidities. 
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Title: Transcriptome profile of the dentate gyrus and CA3 in the pilocarpine model of temporal 
lobe epilepsy 
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Abstract: It is well known that gene expression profile of specific tissue provides relevant 
biological information about molecular mechanisms potentially involved in complex biological 
phenomena. Gene expression in different subset of cells, it is important to take sub-regional 
specificities, especially in the CNS. The aim of this study was to analyze and correlate gene 
expression profile using next generation sequencing technology in different sub-regions of the 
dentate gyrus (DG) and Cornu Ammonis 3 (CA3) in an animal model of temporal lobe epilepsy 
induced by pilocarpine. Male Wistar rats were injected with methyl-scopolamine (1 mg/kg) 
thirty minutes before of the systemic injection of pilocarpine hydrochloride (320 mg/kg) to 
reduce peripheral cholinergic side effects. Four hours after the administration of pilocarpine 
diazepam was administrated (4 mg/kg) in order to stop seizures. Control rats were injected with 
saline after methyl-scopolamine injection. Fifteen days after induction, rats were euthanized 
(n=4) and brains were processed for laser microdissection. Dorsal and ventral DG, and dorsal, 
intermediate and ventral CA3 were collected from each rat. RNA sequencing was performed in 
an Illumina Hiseq® platform. Sequences were aligned and quantified with the TopHat/DESeq2 
pipeline for total RNA. Gene ontologies were analyzed with the MetaCore® software. We found 
a total of 969, 308, 2624, 1731 and 1278 genes differentially expressed (p<0.05) when 
comparing control and pilocarpine rats for the dDG, vDG, dCA3, iCA3 and vCA3 respectively. 
Gene ontology analysis indicates a predominance of inflammation related molecules among the 
genes found to be upregulated and synaptic transmission in genes found to be downregulated in 
both dDG and vDG. In addition, in the dDG there was a significant downregulation of gene in 
the calcium transport network, as well changes in expression of various genes involved in 
neuropeptides signaling, potassium and sodium transport. In dCA3 we observed upregulation of 
genes related to cytoskeleton remodeling and cell cycle. In iCA3 we identified upregulation of 
genes involved in oligodendrocyte differentiation in adult stem cells. In vCA3 there was 
downregulation of glutamatergic neurophysiological process, and upregulation of genes related 
to regulation of G1/S transition. The present data indicates region specific molecular 
mechanisms taking place in the hippocampus sub-regions of an animal model of temporal lobe 
epilepsy induced by pilocarpine. The transcriptome data suggest an interaction among several 
molecular components leading to epileptogenesis in this animal model that displays widespread 
hippocampal damage. 
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Abstract: It has been seen a high incidence of depression in patients with temporal lobe epilepsy 
but the biologic nature of this relationship has been poorly understood. Furthermore, there is a 
controversy if depression is being developed in early stages of epileptogenesis or if a depressive 
state during epileptogénesis allows the epilepsy easier to installate. The aim of the present study 
was to analyse the effect of different stages of amygdaloid kindling (according to Racine’s scale) 
over the induced depression by forced swim test (FST) and the presence of this one over the 
development of epilepsy. We used male Wistar rats: 8 rats were separated in order to have a 
control FST group and they only did the FST. 24 rats were implanted with a tripolar electrode 
placed in basolateral left amygdala, these animals were divided in 4 groups: Sham group (Sham), 
rats implanted but with any stimulation, manipulated for 6 days and subjected to FST between 
manipulation days 3 and 4; control kindling (control K); kindling stage 2 + FST (K2+FST), 
animals subjected to FST in stage II; and kindling stage 5 + FST (K5+FST), animals subjected to 
FST in stage V. In last 3 groups the rats were daily stimulated until achieve the stage V for 5 
days. To kindling, we analysed: number of stimuli to reach stage V, permanence, spikes, 
frequency spikes and duration for each stage. It was also compared the initial and final threshold 
to trigger spikes and seizures. To FST, we analysed the time that the animal showed immobility, 
swimming and climbing. In kindling, there was an increase in K2+FST in comparison to control 
K in number of days to achieve the first seizure (p<0.015), permanence of stage 3 (p<0.021), 
number of spikes in stage 4 (p<0.036), and spikes frequency in stage 2 (p<0.03), stage 3 
(p<0.002) and stage 5 (p<0.001), whereas there was a reduction in seizure duration in stage 4 
(p<0.019). In addition, there was a reduction between initial threshold and final threshold to 
trigger spikes (p<0.001) and seizures (p<0.004) for control K, and a reduction in final threshold 
to trigger spikes p<0.037) for K5+FST. In FST, immobility showed a reduction in K2+FST 
(p<0.022) and Sham (p<0.008) in comparison to control FST as well as a reduction in 
comparison to K5+FST (K2+FST (p<0.008) and Sham (p<0.003)). In swimming, there was a 



reduction in K2+FST (p<0.013) in comparison to control FST. By last, in climbing was a 
reduction in K5+FST (p<0.001) in comparison to Sham. The results suggest that FST interferes 
with the normal establishment of kindling and susceptibility of seizures in early stages but causes 
more severe seizures and partial seizures and discrete damage in amygdala affects the installation 
of depression-like behaviour. 
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Abstract: Several lines of evidence support a relationship between opioid neurotransmission and 
seizure susceptibility or epilepsy. Preclinical studies document that endogenous opioid peptides 
and prototypical opioid drugs alike can mediate both pro- and anti-convulsant effects. Clinical 
reports document that seizures may be elicited as an adverse side effect of opioid agonists 
including morphine and meperidine, as well as the opioid antagonists naloxone and naltrexone. 
Moreover, genetic association studies provide suggestive evidence that variants in OPRM1, the 
gene that encodes the mu opioid receptor, influence the risk for developing epilepsy in humans. 
To further elucidate the role of endogenous opioids in regulating the expression of seizure 
activity, we measured electrical seizure threshold in strains Oprm1 knockout (MuKO) mice in 
which the null allele was transferred to both C57BL/6J (B6) and DBA/2J (D2) genetic 
backgrounds. Allelic transfer was accomplished with a backcross breeding strategy involving use 
of the neomycin cassette insert sequence, together with an Oprm1 sequence spanning the gene 
promoter and exon 1, as selection markers. Heterozygous MuKO mice were brother –sister 
mated after 10 backcross generations to produce homozygous null Oprm1 mice for this study. 
MEST was measured in 8-10 week old mice by administering a single daily electrical stimulus 
(via earclip electrodes) with a constant current electroshock unit (Ugo Basile, model 7801). The 



starting current was 20 mA (MuKO-D2) or 40 mA (MuKO-B6) and the current level was 
increased 1 mA per day. Seizures were scored as focal, generalized or maximal (i.e. tonic 
extension of hind limbs). Whereas the stimulus current was increased with each daily trial, 
stimulus frequency (60 Hz), pulse width (0.4 ms), and duration (0.2 s) remained constant. 
Testing revealed that MuKO-B6 mice have a significantly lower MEST compared to parental B6 
mice, with similar results obtained for females and males. On the other hand, there is no 
significant difference in MEST between MuKO-D2 and parental D2 mice, possibly due to a floor 
effect mediated by the D2 genetic background. Consistent with prior studies, B6 females were 
found to have a lower seizure threshold than B6 males; this difference is not observed in D2 
mice. Overall, we conclude that the mu opioid receptor is involved in regulating seizure 
threshold in certain strains of mice, and that molecules involved in opioid neurotransmission 
represent potentially viable targets for developing new epilepsy pharmacotherapies. 
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Abstract: Depression is one of the most frequent comorbidities in patients with temporal lobe 
epilepsy (TLE). It is suggested that these conditions have a bidirectional relationship, however, 
the mechanisms underlying this association are poorly understood. It is known that chronic stress 
worsens epileptogenesis and seizure outcome, although the possible vulnerability of the epileptic 
brain to chronic stress has not been properly addressed. Deficits in serotonin (5-HT) and 
dopamine (DA) neurotransmission may be involved in both conditions and can predispose 



individuals to both seizures and depressive symptoms. Thus, with this work we aimed to 
investigate some of the behavioral and neurochemical aspects of the relationship between 
depression and epilepsy and how the epileptic brain responds to chronic stress. Adult male 
C57BL/6J mice with 6 weeks of age were subjected to the pilocarpine-status epilepticus model 
of TLE (PILO) or saline treatment (CTRL), and were implanted with EEG electrodes and 
microdialysis cannulae directed toward the hippocampus. Once the pilocarpine-treated animals 
developed spontaneous recurrent seizures, half of the animals in each treatment group were 
subjected to an unpredictable chronic mild stress (UCMS) paradigm and the other half of each 
group underwent sham housing. All animals were then evaluated for stress hormone levels, 
exploratory activity, depressive-like behavior, 5HT1A receptor function and changes in 5-HT and 
DA release after intrahippocampal citalopram administration. Prior to the UCMS paradigm, 
PILO animals presented with higher corticosterone levels and hyperlocomotion, compared to 
CTRL. After UCMS, PILO animals spent less time at the center of the open field, showed an 
enhanced immobility time in the tail suspension test, reduced food intake, a blunted hypothermic 
response to 8-OH-DPAT injection and a reduction in 5-HT and DA release in the hippocampus 
after local citalopram perfusion. These data indicate that chronic seizures seem to enhance stress 
hormones levels in mice, which in turn, show a more prominent depressive-like phenotype and 
reduced monoamine release in the hippocampus after chronic stress. In conclusion, this study 
corroborated our hypothesis that the epileptic brain is more vulnerable to detrimental effects of 
stress, mechanism that may underlie the high prevalence of depression among TLE patients. 
Further examination into the underlying mechanisms of these changes is underway. 
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Abstract: Objective To examine if mice with focal cortical dysplasia (FCD) develop chronic 
spontaneous epileptic seizures and if so, what are the key EEG features in comparison to that 
reported in similar clinical conditions. Methods Unilateral single freeze lesions to the S1 region 
(SFLS1R) were made in postnatal day 0–1 pups to induce a neocortical microgyrus in the right 
cortical hemisphere. Continuous 24 hour recordings with screw-free intracranial EEG electrodes 
and a battery of behavioral tests were performed in adult SFLS1R and sham control mice to 
assess neurological status. Results 88% (30/34) of SFLS1R and 0% (0/11) of control, age 
matched mice developed chronic spontaneous ictal-spikes (IS). 20 of the 30 SFFLS1R mice with 
IS activities exhibited highly frequent, persistent and repeatable spontaneous electrographic 
seizures that occurred predominantly during the NREM sleep. The epileptic discharge pattern 
closely resembled the pattern of continuous spike-waves during slow-wave sleep (CSWS) of the 
human epileptic syndrome described as an electrical status epilepticus during slow wave sleep 
(ESES). Electrographic seizures were strongest in the right S1 region though generalized to 
contralateral cortex, hippocampus and thalamus, and were associated with significant cognitive 
and behavioral deficits. Seizures were temporarily alleviated by ethosuximide treatment or 
optogenetic activation of cortical S1 GABAergic neurons. Interpretation This is the first report 
of a FCD model displaying chronic CSWS/ESES type EEG seizures. Further characterization of 
the abnormal corticocortical and corticothalamic oscillations in this model may lead to a better 
understanding of the mechanisms and treatment of CSWS/ESES in humans. 
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Abstract: Focal cortical dysplasias (FCDs) are a common cause of brain seizures and are often 
associated with intractable epilepsy. Here we evaluated aberrant brain neurophysiology in an in 
vivo mouse model of FCD induced by neonatal freeze lesions (FLs) to the right cortical 
hemisphere (near S1). Linear multi-electrode arrays were used to record extracellular potentials 
from cortical and subcortical brain regions near the FL in anesthetized mice (6-9 months old) 
followed by 24h cortical EEG recordings in awake animals. Results indicated that FL animals 
exhibit a high prevalence of spontaneous spike-wave seizure discharges, predominately during 
sleep (EEG), and a reduced threshold for burst-suppression activity under general anesthesia 
(extracellular recordings, 0.5-3.0% isoflurane). Brief periods of burst activity in the local field 
potential (LFP) included an increase in theta-alpha spectral peaks (4-12 Hz) on a background of 
low-amplitude delta activity (1-4 Hz). Burst activity was more prominent in the superficial vs. 
deep cortical layers, was associated with an increase in spontaneous spiking of cortical neurons, 
and was highly synchronized in control animals across both cortical and subcortical layers 
(average cross-correlation values ranging from +0.73 to +1.0) with minimal phase shift between 
electrodes and strong signal coherence below 20 Hz. However, in FL animals, cortical vs. 
subcortical LFP signals were strongly out of phase with significantly lower cross-correlation 
values compared to controls (average values of -0.1 to +0.5, P<0.05 between groups). In 
particular, a marked reduction in the level of synchronous LFP activity was observed the closer 
the recording electrodes were to the FL (Pearson’s Correlation = 0.525, P<0.05). In summary, 
these studies indicate the presence of altered extracellular signal patterns near the site of cortical 
FLs that may disrupt the synchronous flow of information between cortical and subcortical brain 
regions. Cortical FLs were also associated with an increased pattern of hyperexcitable burst 
activity that may represent an altered level of excitation to inhibition in the FL brain contributing 
to the associated spike-wave seizure discharges observed in these animals. 
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Abstract: Focal neocortical epilepsy is frequently resistant to medication, and surgical resection 
is rarely feasible, often because of proximity to eloquent cortex. New treatment options are 
therefore needed. 
We reported successful lentiviral-mediated gene therapy in a rat model of focal motor epilepsy 
(Wykes et al., 2012). Tetanus toxin (TeNT) injected into the motor cortex elicited frequent, brief 
(<1 s), spontaneous bursts of high frequency epileptiform EEG activity, which lasted over 1 
month, and at higher doses were accompanied by focal and occasionally secondarily generalized 
motor convulsions. Seizures were suppressed by lentiviral overexpression of the potassium 
channel Kv1.1, which causes a reduction in neuronal excitability and neurotransmitter release. 
Although gene therapy was effective against focal motor epilepsy, it is not known if this can be 
generalized to epilepsy arising in other brain areas, which is important for clinical translation. 
We implanted rats with wireless EEG transmitters (Open Source Instruments, Inc), which permit 
continuous monitoring. TeNT injected into the rat visual cortex was followed within 3-4 days by 
the occurrence of spontaneous seizures lasting 30-80 seconds and occurring approximately 10 
times a day for as long EEG recordings were performed (>1 month). Importantly, these seizures 
were well tolerated with minimal morbidity. Simultaneous video recordings showed frequent 
generalization. TeNT in visual cortex leads to longer and less frequent seizures than TeNT in 
motor cortex. Although the motor cortex TeNT model resembles epilepsia partialis continua, an 
especially refractory form of epilepsy, the seizures in the visual cortex model are more typical of 
secondarily generalized seizures. 
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Abstract: Amongst neurological conditions SUDEP, or sudden unexpected death in epilepsy, is 
second only to stroke in terms of years of potential life lost. Due to the unforeseen nature of 
SUDEP it is difficult to determine its antecedents; however, we know that SUDEP usually 
occurs at night and follows a generalized tonic-clonic seizure. What makes the seizures which 
precede SUDEP different from those that epilepsy patients suffer with more regularly is poorly 
understood. Using maximal electroshock seizures (MES) we have previously demonstrated that 
vigilance state can alter parameters such as seizure likelihood, severity, respiration and 
survivability. We have also shown using MES that modifications to the serotonin system can 
alter seizure outcomes. MES experiments are limited by the fact that MES is an acute model of 
seizures in a seizure-naïve brain which has not undergone the changes in excitability which 
characterize epilepsy. In this investigation we assessed whether the changes to seizure 
susceptibility and postictal cardiorespiratory outcomes which were seen in the MES model 
would extend to two models of epilepsy: amygdala kindling and pilocarpine-temporal lobe 
epilepsy. In the amygdala kindling group wildtype (WT) mice and mice lacking central serotonin 
neurons (Lmx1bf/f/p) were implanted with EEG, EMG and EKG electrodes as well as a bipolar 
electrode in the right basolateral amygdala. Mice were kindled with twice daily stimulations (80-
240 mA, 1 ms biphasic square wave, 1 s, 60 Hz). Once fully kindled, seizures were elicited 
during rapid eye movement sleep (REM), non-rapid eye movement sleep (NREM) and 
wakefulness. Seizures and cardiorespiratory sequelae were characterized using EEG, EMG, 
EKG, and plethysmography recordings. In the temporal lobe epilepsy group status epilepticus 
was induced using pilocarpine resulting in subsequent spontaneous seizures. These animals were 
monitored via plethysmograph, EKG, EEG and EKG to determine the vigilance state and 
cardiorespiratory outcomes of the spontaneous seizures. In both WT and Lmx1bf/f/p mice seizures 
induced by amygdala kindling during NREM resulted in an increase in respiratory rate 
variability and an increased occurrence of apneas. Seizures were rarely inducible during REM in 
WT mice but were more readily induced during REM in Lmx1bf/f/p mice. Spontaneously 
occurring REM seizures were rare in the WT mice but were more frequent in the Lmx1bf/f/p mice. 
This data suggests that seizures occurring during sleep can have adverse effects on respiration 
which may result in death. Also, this investigation implicates serotonin in the vigilance state 
dependent nature of seizure susceptibility and severity. 
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Abstract: Synapsins (Syns) are a family of synaptic vescicle-associated phosphoproteins 
involved in synaptic development, function and plasticity (Cesca et al., 2010). Mice with 
deletion of the Syn I,II and III genes (triple knock-out, TKO) are a validated model of epilepsy 
(Boido et al., 2010; Ketzef et al., 2011), with spontaneous and evoked seizures which start to 
occur around two months of age (Cambiaghi et al., 2013). The lack of synapsins in these mice 
was shown to generate specific alterations at excitatory and inhibitory synapses (Ketzef et al., 
2011; Farisello et al., 2013) and hippocampal hyperexcitability (Boido et al., 2010) at both the 
pre-symptomatic and symptomatic ages. 
We investigated the presence of alterations of neocortical network excitability at presymptomatic 
ages. We focused on the synchronous, low frequency (<1 Hz) propagating network activity 
recorded in cortical slices with extracellular electrodes, shown to correspond to the up- and 
down-states detected in individual pyramidal neurons (Sanchez-Vives & McCormick, 2000). 
This activity has been proposed to be the slice counterpart of the slow oscillations observed with 
intracellular and EEG recordings during sleep, anesthesia, and some phases of quiet wakefulness. 
We studied the occurrence of up-states in somatosensory cortex slices from age-matched 
C57BL/6J wild type (wt) and TKO mice (P24-P36) using microelectrode array recordings of 
extracellular voltage. Up-states had significantly higher frequency in TKO mice. We also 
measured their layer of origin, duration, amplitude and power spectral density, as well as their 
apparent spatial extension and propagation velocity. Up-states appeared to originate with larger 



probability in supragranular layers in wt, but with more homogeneous probability across layers in 
TKO; similarly, the total power of activity was generally maximal in supragranular layers in wt 
mice, while in TKO mice in a substantial fraction of cases maximum activity was observed in 
granular or infragranular layers. Up-state duration and spatial extent were similar in wt and TKO 
mice. Overall, this study shows the presence of altered neocortical network excitability in TKO 
mice at presymptomatic ages. 
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Abstract: Introduction: Status epilepticus (SE) occurs at double the rate in those over 65 years 
of age. Although epilepsy increases with age, few studies have evaluated the development of 
epilepsy in aged rats. We recently observed that aged rats exposed to the chemical warfare nerve 
agent soman (GD) are more sensitive to the lethal effects of GD compared to adult rats. Aged 
rats have loss of hippocampal interneurons, and reduced inhibition may increase excitability, 
which may lead to increased susceptibility to development of seizures. We currently report on 
the effects of GD exposure in adult and aged male rats on seizure activity and neuronal loss. 
Methods: Male F344 adult (2 months old) and aged (18 months old) rats were implanted with 
telemetry devices for monitoring EEG, temperature and activity. Rats were exposed 
subcutaneously (sc) to equitoxic doses (88 and 66 µg/kg, respectively) of soman (GD) and 
treated 1 min later with standard medical countermeasures (atropine sulfate and oxime HI-6) and 
30 min after seizure onset with the anticonvulsant diazepam. Rats were monitored continuously 
for the development of SE and early recurrent seizures (eRS) in the first 3 days, as well as the 



development of spontaneous recurrent seizures (SRS) until 60 days after exposure, and 
performance was assessed in a radial arm maze. Results: Although aged rats received a lower 
dose of GD compared to adult rats, aged rats tended to have a shorter onset to SE, spend more 
time in SE+eRS, have an earlier onset of SRS, and have a greater number of SRS. Both young 
adult and aged rats exposed to GD that developed seizures had an equally significant reduction in 
density of glutamic acid decarboxylase 67 (GAD-67), a marker of GABAergic interneurons, in 
the basolateral amygdala and piriform cortex. Aged rats tended to have less GAD-67 cells than 
young adult rats, mainly in the hippocampus and amygdala. Both young adult and aged rats 
tended to have reduced GAD-67+ cells in the dentate gyrus of the hippocampus. However, the 
reduction was higher in aged rats compared to young adult rats. Conclusion: Clearly, the 
sensitivity to GD exposure is age-dependent. Aged rats are highly susceptible to the effects of 
soman on SE, SRS or the development of epilepsy and consequent brain pathology. Disclaimer 
The views expressed in this abstract are those of the authors and do not reflect the official policy 
of the Department of Army, Department of Defense, or the U.S. Government. This research was 
supported by an interagency agreement between the USAMRICD and NIH. 
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Abstract: Sudden unexpected death in epilepsy (SUDEP) is the most common type of death in 
people with intractable epilepsies. These include epilepsy associated with focal cortical dysplasia 
(FCD) and Dravet syndrome (DS). FCD is a developmental disorder with early childhood onset 
marked by regional brain malformations and intractable seizures. FCD type IIa has been linked 



with gain-of-function mutations in PIK3CA, a gene involved in development and cancer. 
Conversely, DS is a treatment-resistant epilepsy with infantile-onset and elevated SUDEP rates. 
DS is often caused by loss-of-function mutation in SCN1A, the gene encoding NaV 1.1 channels. 
SUDEP is caused by cardiovascular dysfunctions. We conducted dual examinations of cardiac 
and respiratory functions during interictal, ictal, and post-ictal periods to identify and compare 
signs of SUDEP susceptibility in a mouse model of FCD (carrying a gain-of-function mutation in 
Pik3ca) and that of DS (harboring a heterozygous knock-out of Scn1a). Video-EEG-ECG and 
whole body plethysmograph were recorded from these mutant mice and controls using fine silver 
EEG, ECG and EMG electrodes. Signals were acquired on a Power Lab 8/35 using LabChart 
Software 8.0 (AD Instruments). In DS mice, our previous studies showed a substantial 
suppression of resting heart rate variability, increased frequency of AV blocks, and no change in 
resting heart rate (HR). In these studies, we observed suppressed respiratory responses to 
hypercapnia (60 ± 8 %), hypoxia (48 ± 5 %), and anoxia (31 ± 6 %) in DS mice (n=6) compared 
to WT (n=9). In addition, these mice exhibited concurrent transient bradycardia and bradypnea 
during the tonic phases of thermal generalized tonic clonic seizures. Mice carrying DS-causing 
mutation in GABAergic interneurons alone, not excitatory neurons, revealed similar ictal and 
interictal dysregulations of cardiorespiratory functions. In FCD mice (n=6), resting interictal 
recordings also showed a decreased in HRV, but accompanied with increase in HR and absence 
of AV blocks. Respiratory recordings showed reduced respiratory responses to hypercapnic (80 
± 9 %), hypoxic (60 ± 8 %), and anoxic (30 ± 7 %) conditions compared to controls (n=6). 
Furthermore, PTZ-induced seizures caused less severe physiological abnormalities than to those 
of DS mice. These results suggest that regardless of the etiology of epilepsy, seizures cause 
similar cardiorespiratory dysfunctions leading to SUDEP. GABAergic interneurons are 
implicated in the mechanisms of SUDEP. Understanding the cellular and network mechanisms 
underlying these physiological dysfunctions may lead to better therapeutic methods for SUDEP 
prevention. 
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Abstract: It has been reported that growth hormone (GH) facilitates epileptogenesis induced by 
electrical kindling in mice. However, some kinases implicated in GH signaling pathways, such as 
ERK and PI3K, are associated with pro- and anti-convulsant effects. The goal of this study was 
to evaluate the effect of intracerebroventricular administration of GH on status epilepticus (SE). 
Adult Wistar male rats were implanted with a guide cannula into the right ventricle and GH was 
injected at different amounts (70, 120 y 220 ng) for 5 days using artificial cerebrospinal fluid as a 
vehicle. SE was induced by the lithium-pilocarpine model (3 mEq/kg and 30 mg/kg, 
respectively) 24 h after the last administration of GH. Rats were injected with diazepam (10 
mg/kg) one hour after the SE onset. Seizure severity was evaluated with the Racine´s scale. Data 
were analyzed by a proportions test or one-Way ANOVA followed by a Tukey post-hoc test. All 
rats (100%) injected with 120 ng of GH required a greater number of injections of pilocarpine 
(2.7 ± 0.8) to develop SE compared with the other GH groups ([0%] 1 ± 0.8 for 70 ng GH and 
[20%] 1.2 ± 0.7 for 220 ng GH) and the vehicle group ([16.6%] 1.2 ± 0.4). The latency to the 
first generalized seizure stage IV/V (79.3 ± 7.2 min) and SE (84.1 ± 6.8 min) was higher in the 
group of 120 ng GH when compared with the 70 ng GH (49.6 ± 10.2 min and 55.6 ± 9.7 min, 
repectively), 220 ng GH (43.2 ± 20.4 min and 47.4 ± 19.2 min, respectively) and the vehicle 
(42.9 ± 13.7 min and 49.2 ± 12.2 min, respectively) groups. No differences in the duration of SE 
or generalized seizures as well as in the number of generalized seizures stage IV and V were 
observed between the experimental groups. In conclusion, the subchronic administration of GH 
showed an anticonvulsant effect against lithium-pilocarpine-induced SE. 
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Abstract: Rationale: We recently determined in the kindling model of focal seizures, that 
following the cessation of brief electrographic seizures, a long-lasting, severe hypoxic event 
occurs in the brain regions involved in the electrographic seizure. For example, local tissue 
oxygenation drops below 10 mmHg and remains at a severe hypoxic level for over an hour in the 
hippocampus. We reasoned that given this severe and long-lasting change in oxygen levels 
following a brief ictal event, there might also be changes in local oxygen levels during the 
induction of epilepsy; these changes in turn may account for the development of chronic epilepsy 
in rodent models. Current animal models of epilepsy employ the use of either electrical 
stimulation or a chemoconvulsant in order to induce spontaneous recurrent seizures (SRS) in 
rodents. Our aim was to conduct a head-to-head comparison of both models with the goal to 
prevent status epilepticus, limit lethality, and ultimately produce self-generating seizures in a 
rodent. We hypothesized that during the induction of epilepsy, there will be drastic changes in 
hippocampal oxygen levels. Methods: A sub-anesthetic dose of urethane was administered 
before the induction protocols in order to sequester electrical activity to the temporal lobes and 
prevent generalized status epilepticus. In the intrahippocampal kainic acid model, kainic acid 
was infused directly into the rat ventral hippocampus. In the electrical stimulation model, a 24-
hour stimulation protocol of the perforant path was used (Norwood et al. 2010). In both groups, 
oxygen levels and EEG were recorded in dorsal hippocampus throughout the first 24 hours. 
Immediately after the 24-hour induction period, rats were transferred to a 24/7 video-EEG 
monitoring unit. Hippocampal EEG was monitored continuously for 4-6 weeks. Once per week 
oxygen recordings were taken alongside EEG to look for spontaneous seizure-induced hypoxia. 
Analysis: Several dependent measures were recorded and analyzed. Firstly, we analyzed EEG to 
look at the frequency, duration, and severity of seizures starting from the first day post-induction. 
We also analyzed oxygen levels post-induction in order to determine if frequent episodes of post-
ictal hypoxia were related to the development of SRS. Significance: This study will advance our 
current understanding of epilepsy models. In addition, we hope to uncover the role that oxygen 
may play towards the development of SRS in these models. These discoveries may lead to the 
development of new treatments or preventative strategies for people with epilepsy. 
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Title: Gamma event coupling as a measure of functional connectivity during epileptogenesis 
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Abstract: Rationale: Epilepsy is one of the most serious neurological diseases and it is 
becoming increasingly apparent that epileptic activity may cause alterations of local and distant 
functional connections within neuronal networks. However, whether, and what types, of 
connectivity reorganization can lead to epilepsy after potentially epileptogenic brain lesions, is 
unknown. This study aims to investigate if coupling of local field potentials (LFP) in the gamma 
band range (30-55Hz) changes after kainic acid (KA) lesions of hippocampus and neocortex and, 
if so, whether these changes correlate with the process of epileptogenesis. Methods: 
Experiments were conducted on adult male Sprague-Dawley rats (n = 21). 16 tungsten 
microelectrodes (50 um outer diameter) and screw electrodes were implanted 1 week in 
symmetrical sites of prefrontal cortex, motor cortex, hippocampus and thalamus. KA was 
injected either in the left anterior hippocampus or left neocortex. Two-month continuous EEG 
recordings were performed with sampling frequencies from 1k to 10k Hz. Maxima for gamma 
activity waves were detected and Shannon entropy was applied to determine the functional 
connectivity between different brain regions as peri-event histograms for each pair of channels. 
Connectivity index (CI) represented by normalized Shannon entropy values between areas of 
interest, was then compared to distinguish the connectivity differences between rats that 
developed seizures within two months after brain lesioning, and rats that did not. Results: An 
overall decrease in regional connectivity was observed in both groups after two-months of 
recordings, compared to the baseline. We observed a decreased CI in rats without seizures, 
between the peri-lesion site and the left prefrontal cortex as well as the right thalamus, and an 
increased CI between the peri-lesion site and right prefrontal cortex, right hippocampus and left 
thalamus, forming a balanced gamma event coupling strength between the left and right sides of 
the brain. Rats with seizures showed a decreased CI between the lesion site and most of the 
ipsilateral regions, and an increase CI between the lesion site and contralateral regions, revealing 
a shift of gamma event coupling strength to the opposite site of the lesion. Conclusion: Our 



results indicate CI changes after local epileptogenic lesions of specific brain areas. Spatial 
reorganization of functional connectivity of the perilesional area with local and remote networks 
was different in animals that did, and did not develop epilepsy. Patterns of gamma event 
coupling changes could be biomarkers for prediction of epilepsy in patients after potentially 
epileptogenic brain injury. 
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Abstract: Sudden unexpected death in epilepsy (SUDEP) is the most common cause of death in 
individuals with refractory epilepsy and has been associated with disturbances in 
cardiorespiratory function and autonomic nervous system (ANS) imbalance. GABAergic 
neurons of the nucleus tractus solitarius (NTS) of the brainstem dorsal vagal complex are 
essential modulators of parasympathetic tone. Studies of genetic models of epilepsy suggest that 
ANS dysfunction coincides with SUDEP susceptibility, but this has not been investigated in 
models of temporal lobe epilepsy (TLE), the most common epilepsy type. This study 
investigated cardiac function and activity of GABAergic NTS neurons in the vagal complex in 
the pilocarpine-induced status epilepticus (pilo-SE) model of TLE. Pilocarpine (281 mg/kg) was 
administered to 5-6 week old mice to induce SE and eventual development of TLE. GIN mice 
were split into 3 groups to assess survival rates, in vivo electrocardiography (ECG), and in vitro 
electrophysiology of GABAergic NTS neurons at several times post-SE. Pilocarpine-treated 
mice displayed a 30% survival rate (versus 100% for vehicle-treated controls) by 150 days post-
SE. Heart rate was increased and heart rate variability was decreased by 12 weeks post-SE 
relative to age-matched control mice. For electrophysiological recordings from identified 
GABAergic NTS neurons, coronal brainstem slices were taken at 1, 6, and 12 weeks post-SE. 
Significant increases in spontaneous action potential and EPSC frequency (p<0.05) were 



detected 1, 6, and 12 weeks post-SE. Miniature EPSC frequency was increased relative to 
controls at 12 weeks post-SE, but not at 1 and 6 weeks. Blockade of ionotropic glutamate 
receptors significantly reduced spontaneous action potential frequency to levels similar to 
controls at 6 and 12 weeks post-SE. These results suggest long-term changes in cardiac function 
develop in conjunction with increased synaptic excitability of GABAergic NTS neurons after 
pilo-SE, which could contribute to autonomic dysregulation, cardiorespiratory collapse, and 
SUDEP. Future studies will determine if increased excitability of GABAergic NTS neurons 
underlies increased susceptibility to depolarization block and spreading depression in the NTS of 
mice with TLE. 
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Abstract: Infantile Spasms (IS) is a catastrophic childhood epilepsy syndrome, characterized by 
neonatal flexion-extension motor spasms, which progress to chronic seizures and cognitive 
deficits in later life. The underlying molecular and functional changes that cause IS are poorly 
defined and animal models remain sparse. Genetic screens of individuals with IS have identified 
multiple risk genes, several of which are predicted to alter β-catenin pathways. β-catenin has 
dual roles in the N-cadherin synaptic adhesion complex and the canonical Wnt signaling 
pathway- both are critical for the normal formation and function of brain circuits. Tests for a link 
between malfunction of β-catenin pathways and IS are lacking. Here, we show that mice with 
conditional deletion in neurons of adenomatous polyposis coli protein (APC cKO), the major 
negative regulator of β-catenin levels, leads to excessive β-catenin and most of the features of 
human IS. Compared with wild-type littermates, neonatal APC cKOs exhibit flexion-extension 
motor spasms and abnormal electroencephalographic (EEG) activity. Cortical hyperexcitability 
is also indicated by increased spontaneous and evoked excitatory electrical activity in layer 5 
pyramidal neurons at postnatal day 9, the age of peak spasm intensity. At adult ages, APC cKOs 



display spontaneous behavioral seizures and abnormal EEGs. Further, we show that our novel 
mouse model with conditional overexpression of β-catenin that lacks the degradation domain (β-
cat cOE) also leads to excessive β-catenin levels and IS-like phenotypes (neonatal spasms and 
chronic seizures). Both APC cKO and β-cat cOE mice show increases in synaptic spine density, 
abnormal plasticity of excitatory synapses, and changes in circuit connectivity. In particular, 
cortico-striatal connections are altered in our two different genetic mouse models of IS. Our data 
provide the first in vivo evidence for a novel molecular etiology of IS that is centered on aberrant 
β-catenin networks. Defining new molecular targets is essential for developing novel and 
effective therapeutic interventions to ameliorate IS and seizures. 
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Abstract: Sudden unexpected death in epilepsy (SUDEP), which occurs when an individual dies 
with no identifiable cause of death, is the leading cause of death directly related to epilepsy. 
Recent clinical research suggests that SUDEP results from a failure to breathe during or 
following a seizure, but the mechanism behind this failure is unknown. We have recently 
discovered a period of local tissue hypoxia (< 10mmHg), that occurs during and following a 
seizure in the brain areas involved in the seizure which is severe enough to cause behavioural 
dysfunction. This seizure-induced hypoxia provides a potential mechanism for the breathing 
failure that leads to death in cases of SUDEP; seizure activity invades brainstem breathing 
centers leading to local hypoxia, cellular/synaptic dysfunction of breathing centers, breathing 
failure, and death. 
We hypothesized that seizure activity would propagate from the hippocampus to brainstem 
breathing centers, leading to severe hypoxia in this region preceding breathing failure and death. 
To investigate we administered intra-hippocampal kainic acid to adult male mice to induce 
seizures and death. Following kainic acid administration we continuously recorded seizure 



activity, brainstem oxygen levels, breathing, and heart rate in awake, freely moving mice. 
Seizure activity in brainstem breathing centers was measured from chronically implanted bipolar 
electrodes. Tissue oxygen levels in brainstem breathing centers were measured during seizures 
and death using chronically implanted fiber-optic oxygen probes. Breathing was measured using 
a nasally-implanted thermocouple, and heart rate using a bipolar electrode implanted across the 
heart. This research provides preclinical data regarding the relationship between seizure activity, 
brainstem oxygen levels, breathing, heart rate, and death underlying SUDEP. 
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Abstract: Our aim was to evaluate in vivo changes in T2-weighted MRIs and proton magnetic 
resonance spectroscopy (1H-MRS) in the pilocarpine (PILO) model of hippocampal sclerosis. 
We studied 31 Wistar rats with 1H-MRS and T2-weighted images acquired in a 3-T Philips 
scanner with an 8 integrated channels volumetric coil (Rapid Biomedical GmbH, Wurzburg, 
Germany). Spectra were obtained in the hippocampus using a single voxel with point-resolved 
spectroscopy (PRESS) at TE/TR: 135/2000ms. We acquired MRI prior to any intervention and 
then 48 hours, 15 and 30 days after pilocarpine induced status epilepticus (SE). After the first 
MRI, we induced seizures with intraperitoneal injections of PILO hydrochloride (320mg/kg). 
Thirty minutes prior to pilocarpine the animals received scopolamine (1mg/kg) to reduce 
systemic cholinergic side effects. After four hours of the onset of SE, we administrated diazepam 
(4mg/kg) to interrupt seizures. The sham-treated were injected with saline after scopolamine 



injection. The metabolite quantification was analyzed by LCModel software. Only good quality 
spectra (with <15% of error using Cramér-Rao lower bounds) were included. Metabolites were 
expressed in terms of their ratio to Creatine+Phosphocreatine. Statistical analysis was performed 
using SPSS software. PILO group had significant lower values of the following compounds 
when compared to the sham-treated group: in MRI2 (cholines [GPC+PCh], t=-4.48, p<0.001; N-
acetylaspartate [NAA+NAAG], t=-8.17, p<0.001; glutamate+glutamine [Glu+Gln], t=-6.58, 
p<0.001), MRI3 (GPC+PCh, t=-6.14, p<0.001; NAA+NAAG, t=-7.64, p<0.001; Glu+Gln, t=-
7.44, p<0.001) and MRI4 (GPC+PCh, t=-5.97, p<0.001; NAA+NAAG, t=-7.94, p<0.001; 
Glu+Gln, t=-8.16 p<0.001). The visual assessment of repeated MRIs showed a progressive 
increase of T2 hippocampal signal. We showed progressive decrease of the neuronal marker 
NAA, as well as cholines and Glu+Gln, in addition to increased T2 signal intensity in the 
hippocampi 48 hours, 15 and 30 days after pilocarpine induced SE. Further correlations of these 
changes with EEG and histology will help to understand better the epileptogenic damage in this 
model of hippocampal sclerosis. 
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Abstract: Molecules that compose the extra cellular matrix regulate synaptic plasticity and may 
mediate the ionic microenviroment at the neuron membrane. Notably, Hyaluronic Acid (HA) is 
involved in a number of cellular processes that modulate neuronal excitability as well as CNS 
development. Previous work has shown that tissues in the African Naked Mole-Rat, including 
brain, accumulate an exceptionally high amount of HA, likely due to decreased activity of 
digestion enzymes, which confers early contact inhibition and cancer resistance in this species 



[Tian et al. (2013) Nature. 499(7458): 346-349]. The purpose of the present study was to explore 
the functional outcome of HA accumulation in the naked mole-rat brain. Anatomical measures of 
the extracellular matrix (through Wisteria floribunda agglutinin staining) and HA (through 
immunohistochemical labeling of Hyaluronic Acid Binding Protein) demonstrate robust labeling 
of multiple cell types throughout the naked mole-rat brain, including hippocampus. In the naked 
mole-rat hippocampal slice, which demonstrates epileptiform hyperexcitability under routine 
recording conditions, application of the HA digestion enzyme, hyaluronidase, increased the 
frequency of epileptiform burst discharges. Thus, as in other species, HA digestion increases 
epileptiform activity in the naked mole-rat. The role of HA in buffering the naked mole-rat 
intracellular pH, an important factor in naked mole rat neuron excitability, and the sensitivity to 
HA digestion across the long lifespan of the naked mole-rat, are currently under investigation. 
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Abstract: Aging is accompanied by a decline in the expression of social behavior, with females 
showing a more pronounced aging-related decline than males. Although the mechanisms 
underlying these changes are not clear, prior studies have noted a general hyporeactivity to 
stimuli among aged rats. Thus, in the present study, we used c-Fos induction as a marker of 
neuronal activation to identify key sites relevant to the processing of sensory stimuli (generally) 
or social stimuli (specifically) after brief exposure to a social partner. To do this, 3- and 18-
month-old female F344 rats (N = 60; n = 10/group) were left undisturbed in their home cage as 
controls (HCC), exposed to a testing context alone for 30 min (CXT), or were exposed to the 
context for 20 min, followed by a 10 min social interaction (SI) test with a young conspecific. 
CXT and SI animals were pre-exposed to the context prior to test day to allow habituation to a 



novel environment. This design allowed us to separate neuronal activation to a testing 
environment (CXT) from activation specific to social stimuli (SI). Tissue was collected 30 min 
after the end of testing to assess c-Fos induction with in situ hybridization. Both the context and 
social interaction led to a significant increase in c-Fos expression in the barrel field cortex (BF), 
hippocampus (HPC), and medial amygdala (MeA), brain regions that play a role in sensory 
processing and social behavior regulation. In contrast to our previous findings in aged males, 
aged females exhibited blunted c-Fos induction in response to a social interaction compared to 3-
month-old females in BF, HPC, and MeA. These data indicate that although young females 
exhibit substantial neuronal activation specifically in response to social stimuli, the same is not 
true for aged females. In fact, aged females exhibit similar levels of c-Fos induction, regardless 
of testing condition, although this response is blunted compared to young females. This pattern 
was observed across all structures examined, supporting the idea that aged animals exhibit 
hyporesponsivity to stimuli, although this appears to be sexually dimorphic. Future studies will 
focus on females to examine whether age-related neuroinflammation may suppress neuronal 
activation in these brain regions. 
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Abstract: Aging is associated with a substantial decline in social behavior regulation, as well as 
increased neuroinflammation indicated by enhanced expression of cytokines and chemokines and 
an exaggerated response to peripheral immune challenges. Furthermore, there are sex differences 
in microglia number across the lifespan, with males exhibiting greater number of microglia 
during the neonatal period, whereas females show greater numbers of microglia in young 
adulthood. However, most studies examining microglia number or morphology in aging have 



focused on the hippocampus or cortical structures, in part due to their role in age-related 
cognitive decline. Thus, we examined age and sex differences in microglia within brain regions 
critical to social behavior regulation (PVN, BNST, and MeA). Adult (3-month) and aged (18-
month) male and female F344 (N = 40, n = 4-8/group) rats were perfused directly from their 
home cage and a subset of 18-month-old animals were injected with lipopolysaccharide (250 
µg/mL) and perfused 24 h later to assess both the number and activational state of microglia as a 
positive control. Iba-1 immunopositive microglia were counted stereologically and classified 
according to the following criteria: (i) thin ramified processes, (ii) thick long processes, (iii) stout 
processes, or (iv) round/ameboid shape. Females, regardless of age or LPS treatment, had fewer 
microglia in the MeA, a brain structure that plays a significant role in social behavior regulation. 
Although we did not observe any differences in microglia number as a result of aging in the 
MeA, there appeared to be an increase in the number of round/ameboid microglia in the MeA of 
aged animals, suggesting increased inflammation in late aging. Thus, we hypothesize that aging 
may result in enhanced cytokine release, perhaps by affecting the release of socially-relevant 
neuropeptides. Future studies will focus on understanding the relationship between 
neuroinflammation and social behavior regulation, particularly within social behavior circuits. 
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Abstract: Housing conditions play a role in the expression of social behavior. Single-housing is 
often considered a form of social deprivation, whereas long-term housing with several cage 
mates constitutes a form of social enrichment. However, nearly all studies in rodents have tested 
the influence of housing conditions in early development, leaving a gap in our knowledge of how 
housing conditions impact social processes in late aging. Here, we assessed the influence of 
housing on social behavior and inflammation within brain structures implicated in the 



modulation of social behavior in male and female 18-month-old Fischer 344 rats (N = 54; n = 8-
10/group). We varied the number of housing partners to include 3 conditions: single, pair, and 
triple-housing with sex-matched 3-month-old animals. Conditions were maintained for 5-6 
weeks, after which social behavior toward a novel 4-month-old conspecific was assessed. 
Animals were re-housed for 7 days before tissue collection under ambient conditions. Aged 
males pair- or triple-housed with young animals exhibited social avoidance and reduced 
frequency of social behavior, whereas housing condition did not impact social behavior in 
females. Cytokine gene expression was examined in three socially relevant brain regions: PVN, 
BNST, and MeA. IL-1β and IL-6 expression were significantly increased in the MeA of triple-
housed females, indicative of heightened inflammatory signaling. No such increase was observed 
in the PVN or BNST, arguing against widespread inflammation that would suppress social 
behavior, as is the case with sickness. Although males exhibited significant changes in social 
behavior as a result of housing condition, there were no changes in cytokine expression. We 
hypothesize that increased cytokine activity within the MeA may alter socially-relevant 
neuropeptide systems, as prior research demonstrated that IL-1β administration can enhance 
release of oxytocin and vasopressin. This, in turn, may attenuate the suppression of social 
behavior that occurs as a result of housing with younger cage mates. Future studies will examine 
the interaction between neuropeptides and inflammation in order to better understand the 
mechanisms driving social behavior during senescence. 
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Title: Towards multivariate genetic models predicting Alzheimer's disease risk 
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Abstract: Alzheimer's disease (AD) is a complex and multifactorial disease that ultimately leads 
to severe memory impairment and neuronal death. The clinical phenotype of AD is highly 
variable, which is indicative of multiple etiologies and progression trajectories. Consequently, up 
to 40% of patients living with AD in the U.S. are undiagnosed until the late stages of the disease. 
Identifying individuals early in the disease process is critical for reducing the substantial health 
burden that AD causes at the individual, familial, and societal levels. Until recently, 
apolipoprotein E (APOE) was the only well-established high penetrance susceptibility gene for 
AD. Although the heritability of AD based on twin studies is as high as 80%, APOE accounts for 
less than 1/3 of this estimate. Furthermore, APOE-ε4 is neither necessary nor sufficient to cause 
AD, and most genetic factors influencing Alzheimer's risk are unknown. Genome-wide 
association studies (GWAS) have identified over 30 different AD susceptibility genes. Using the 
curated GWAS Catalog and the ENDEAVOR gene prioritization tool trained on the top 10 
consistently replicated Alzheimer’s risk genes, we identified 37 Alzheimer’s risk genes that 
show evidence of systems biology interactions in mediating risk for the disease. Our preliminary 
analyses with participants from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
(N=1,477, mean age: 74 ± 7; 634 women, 843 men) followed for an average of 3.4 years found 
9,752 variants among these 37 genes, with a minor allele frequency of .05 or greater. 
Individually, no risk variant was a better predictor of CSF Aβ-142, CSF phosphorylated tau 
levels, right or left hippocampal volume, or longitudinal clinical diagnosis of Alzheimer’s, than 
positive carrier status of the APOE-ε4 allele. Notably, of the APOE deterministic variants, 
rs429358 was a better predictor of each disease-related variable than rs7412. Ongoing analyses 
are creating multivariate genetic models combining these risk variants in order to understand the 
systems biology of the disease and improve overall genetic detection and understanding of 
Alzheimer's. 

Disclosures:  B.C. Riedel: None. R.D. Brinton: None. P.M. Thompson: None. 

Poster 

596. Brain Wellness and Aging: Models and Mechanisms 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 596.05/L11 

Topic: C.01. Brain Wellness and Aging 

Support: NIA 5P01AG026572 



Title: Mechanistic role of brain hypometabolism and mitochondrial uncoupling in 
perimenopausal hot flash 

Authors: *R. D. BRINTON1,2, F. YIN1, J. YAO1, A. MISHRA1, Q. DENG1, Z. MAO1, E. 
CADENAS1;  
1Sch. of Pharm., USC, Los Angeles, CA; 2Ctr. for Innovation in Brain Sci., Univ. of Arizona, 
Tucson, AZ 

Abstract: The goal of the current study is to determine the mechanism of the signature symptom 
of the menopausal transition, the perimenopausal hot flash. We hypothesized that loss of ovarian 
hormone regulation of bioenergetics in brain induces a series of adaptive responses in the brain, 
which are initiated by decline in glucose metabolism, followed by activation of alternative fuel 
sources, ketone bodies and free fatty acids, which lead to mitochondrial uncoupling and 
temperature dysregulation. We used the ovariectomy (OVX) rat model as a reliable and 
predictive inducer of temperature dysregulation. Loss of ovarian hormones in the OVX rats led 
to decreased uterine weight, increased body weight and a significant increase in peripheral (tail 
skin) temperature. Further, our analyses in the OVX rat model indicated that peripheral 
temperature dysregulation coincided with systemic glucose intolerance and decreased cerebral 
glucose metabolism (FDG-PET). We further tested our hypothesis that loss of ovarian hormones 
leads to disruption and uncoupling of the proton motive force-dependent energy conservation 
systems and the consequent dissipation of energy as heat. Results of these analyses indicated that 
mitochondrial respiratory control ratio (RCR) was decreased in OVX rats accompanied by 
increased mitochondrial uncoupling, the upregulation of mitochondrial uncoupling proteins 
(UCPs), and enhancement of mitochondrial fragmentation in multiple brain regions. OVX-
induced changes were completely or partially prevented by 17beta-estradiol treatment, 
suggesting an obligatory role of estrogen signaling in these events. Finally, to investigate the 
relationship between mitochondrial uncoupling in the brain and the increase in peripheral 
temperature, mitochondrial uncoupling was induced by 2,4-dinitrophenol (2-DNP), a 
mitochondrial uncoupler. Our analyses indicate that intracerebroventricular injection of 2-DNP 
induced sequential fluctuations in brain temperature, core temperature and tail skin temperature. 
Collectively, we established the physiological and bioenergetic phenotype of a rat model of hot 
flash, and our findings provide new mechanistic details of hot flash by connecting loss of ovarian 
hormones, brain hypometabolism, mitochondrial uncoupling and dysfunction, and peripheral 
temperature dysregulation. This work was supported by NIA 5P01AG026572 to RDB; Project 5 
to RDB. 
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Abstract: Transition states represent critical periods during development when systems under go 
dramatic and widespread changes. In women, the perimenopause transition spans several years 
and the resulting loss of estrogen has profound effects in nearly all tissues, including breast, 
bone, cardiovascular, and brain. Menopause in humans is also marked by an increased risk for 
stroke, coronary heart disease, and neurological disorders. Although a majority of women have 
no serious long-term health consequences, many women suffer neurological symptoms during 
and after the perimenopause transition. Heritability of menopause timing is 44-66% and 
variability is present in monozygotic twins and inbred rat strains, suggesting that epigenetics and 
environmental factors could play a large role in orchestrating timing of events involved in 
reproductive aging. Individual differences in epigenetic regulation, in addition to individual 
differences of sex hormone levels may help explain some of the differences seen in menopausal 
age, risk for cognitive impairment, and response to hormone therapy. To better understand the 
potential underlying mechanisms of neurological symptoms associated with perimenopause, as 
well as the control of age of onset, the current study aims to characterize the transcriptional and 
epigenomic changes that occur during this transition using a rat model recapitulating 
fundamental characteristics of the human perimenopause. Duration of the perimenopause 
transition in Sprague Dawley rats (time spent cycling irregularly before loss of cyclicity) can be 
separated into three groups: short, average, long. All animals begin to cycle irregularly around 
the same time (9-10mo), however animals complete the perimenopause transition at different 
ages. Older ages are correlated with longer overall durations of transition. Transcriptional 
changes of genes related to epigenetic regulation were observed across all perimenopause groups 
(RC, IR, AC). Our analysis suggests that hypothalamic aging and changes in epigenetic 
regulation begin before the onset of irregular cycling, between 6 and 9 months. Changes in DNA 
methylation across the perimenopause transition were investigated via global 5mC ELISA and 
genome-wide bisulfite sequencing (RRBS). Furthermore, IPA upstream analysis of 
transcriptional data identifies key players of one-carbon metabolism (involved in epigenome 



maintenance) as likely regulators of endocrine aging. Impaired one-carbon metabolism during 
perimenopause may contribute to increased risk for neurodegenerative diseases after menopause. 
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Abstract: The onset of reproductive senescence occurs at the perimenopause, which is 
characterized by major physiological changes in the endocrinological and reproductive systems 
which can be associated with altered energy metabolism, cognition, bone-mineral density, 
cardiovascular function and immune system responses. Our rat model of the perimenopause to 
menopause to post menopause transitions captures both chronological and endocrinological 
conversions. In the current study, we investigated the differential regulation of genes in the 
hippocampi of the endocrine characterized female rats by sequencing hippocampal total RNA. 
We conducted paired end sequencing of hippocampal total RNA from 36 Sprague Dawley 
female rat hippocampi with read length of 50 base pairs and a read depth of ~50 million reads 
per sample using Illumina HiSeq 2500. Raw data files in the FASTQ format underwent QA/QC 
and trimming procedure in the cloud-based Partek Flow environment (http://www.partek.com/). 
The paired end reads for each sample were then aligned using TopHat to the rat reference 
genome rn6 (Ensembl 80). Transcript assembly and quantification of aligned reads were carried 
out using Cufflinks. The Cufflinks output consisted of a list of differentially expressed genes 
(DEG) for each comparison. Differentially expressed genes were analyzed using Ingenuity 



Pathway Analysis to identify gene pathways altered during the perimenopause. Results of this 
curated literature based bioinformatic analysis indicated activation of pathways related to 
lymphocytic proliferation and differentiation during the transition from regular to irregular 
cycling and inactivation of pathways responsible for T cell apoptosis. RNAseq also detected a 
decrease in platelet-derived growth factor (PDGF) activity, associated with decreased brain 
estrogen, indicating potential for increased blood brain barrier permeability during the 
perimenopausal hippocampus. Analyses of significantly differentially expressed genes (DEG) 
using PANTHER (http://pantherdb.org/index.jsp) revealed enrichment of B and T lymphocyte 
genes. Interestingly, Interleukin-27, a pan-T lymphocyte regulator was down-regulated during 
the perimenopausal transition, reinforcing the hypothesis that T lymphocyte dysregulation is 
associated with the perimenopausal transition. These RNAseq and bioinformatic analyses extend 
our findings to the immune system as a potential key regulator of the perimenopause transition 
state. Ongoing analyses are pursuing functional evidence for increased blood brain barrier 
permeability, increased T cell infiltration into brain and immune dysregulation in periphery and 
brain. 
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Abstract: Alzheimer’s disease (AD) risk is significantly influenced by genetic and 
environmental risk factors. The greatest genetic risk factor for late onset AD is APOE genotype, 
with E4 carriers being at a greater risk than E2 or E3 carriers. This increased risk in APOE4 
carriers is exacerbated in females. Further, obesity has been shown to play an important role in 
both male and female AD risk. The potential gene-environment interactions between APOE and 



obesity in regulation of AD pathogenesis are not well understood. To investigate this issue, we 
used the EFAD mouse model, which has humanized APOE3 (E3FAD) or APOE4 (E4FAD) in 
the presence of 5xFAD genes. Female transgenic mice were maintained on either Western diet 
(WD; 45% fat, 21% sugar) or a control diet (10% fat, 7% sugar) for 12 weeks. E3FAD mice on 
WD were impaired on cognitive tasks including spontaneous alternation behavior and novel 
object recognition. E4FAD mice were more impaired on these tasks in comparison to E3FAD 
mice, but showed no further impairment by WD. Plaque load in the hippocampus showed a 
similar pattern with WD significantly increasing beta-amyloid deposition in E3FAD females. 
Amyloid load was relatively higher in E4FAD versus E3FAD mice, but was not significantly 
increased by WD. To begin identifying factors that underlie the observed interactions between 
APOE and diet-induced obesity, we performed hippocampal gene microarrays in transgenic 
APOE3 and APOE4 mice that lack AD transgenes but were maintained on the same diet 
interventions. The microarray data indicate numerous changes in expression of inflammation- 
and metabolism-related genes across diet and APOE groups that are consistent with roles in 
regulation of pathology. Overall, these findings demonstrate significant gene-environment 
interactions between APOE and obesity in female EFAD mice. Continued investigation of how 
AD is affected by the interactive effects of risk factors such as obesity and APOE is essential to 
the identification of at-risk populations and the development of preventive strategies. (EFAD 
transgenic mice were generously provided by Mary Jo LaDu at University of Illinois at 
Chicago.) 
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Abstract: The perimenopause is an aging transition unique to the female that is associated with 
multiple neurological symptoms. Our recent study in a rodent model of human perimenopause 
revealed the perimenopausal transition from regular- to irregular cycling as a critical period for 
brain metabolic function, characterized by a significant decline in bioenergetic and synaptic 
functions. Combinations of estrogens and progestogens in varying regimens are widely used as 
hormone therapy for menopause-related climacteric symptoms. We previously reported that a 
two-month treatment of continuous 17β-estradiol (E2) in combination with cyclic progesterone 
(P4) (E2+CyP4) on ovariectomized (OVX) young rats induced a bioenergetic gene-expression 
profile comparable to the ovary intact females. The present study was aimed to determine the 
efficacy and optimal intervention window of the E2+CyP4 therapy on female rat brain at 
different stages of the perimenopausal transition. Placebo or E2+CyP4 therapy was initiated on 
female rats at 9-10 months old with either regular cycling or irregular cycling, and for each 
cycling status, Sham OVX or OVX surgery was performed before the intervention. Hormone 
therapy consisted of two 30-day cycles of continuous E2 and cyclic P4 (10 days/cycle) delivered 
by silastic capsules. Upon completion of the regime, brain derived samples were analyzed for 
genomic, biochemical and brain metabolic responses. Our data indicate that the efficacy of 
E2+CyP4 therapy on brain bioenergetic functions in terms of glucose metabolism and 
mitochondrial respiratory capacity was differentially affected by the endocrine aging state of the 
rats when the intervention was initiated. Interestingly, our data also suggested that OVX initiated 
in regular or irregular cyclers elicited opposite effects on bioenergetic- and inflammatory gene 
expression. Outcomes of this study in the model of natural perimenopause will determine the 
window of opportunity for preventing the at-AD-risk bioenergetic phenotype by hormone 
intervention and will provide mechanistic details for developing novel strategies to maintain 
neurological health and function throughout female brain chronological and endocrine aging. 
This work was supported by NIA 5P01AG026572 to RDB; Project 1 to RDB & EC. 
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Abstract: Our previous studies in a rodent model of human perimenopause demonstrated that 
the perimenopause is a neurological bioenergetic transition state that is reminiscent of early stage 
of Alzheimer’s disease (AD) and suggested that bioenergetic shifts that occur in the female aging 
brain contributes to an increased risk for AD in women. As one of the greatest genetic risk 
factors for AD, APOE4 genotype manifests stronger impact of pathology and risk of AD in 
females. The aim of the current study is to provide a mechanistic rationale for the adverse impact 
of the APOE4 gene on the female bioenergetic system shifted during normal perimenopausal 
transition. Preliminary gene expression analyses of humanized ApoE4 and ApoE3 targeted 
replacement (TR) female mice revealed that ApoE4-TR mice at pre-menopause age (6-month 
old) exhibited a significantly different bioenergetic gene expression profile in the hippocampus 
relative to the age-matched ApoE3-TR controls. Surprisingly, pre-perimenopausal ApoE4 mice 
exhibited a significant increase in the RNA expression of genes encoding subunits of 
mitochondrial complexes for oxidative phosphorylation, multiple mitochondrial inner- and outer-
membrane transporters, as well as a gene that controls mitochondrial fusion, Opa1. In parallel, 
the ATP citrate lyase gene was downregulated, which could be interpreted as a decrease of 
citrate-transported acetyl-CoA units for fatty acid and cholesterol biosynthesis. It remains to be 
determined whether increased expression of bioenergetic genes in pre-menopause ApoE4 mice is 
an indicator of hypermetabolism, or it represents an adaptive response to deficits in other 
components of the metabolic system such as substrate uptake and utilization, or it is due to a shift 
in brain energy fuels from glucose to ketone bodies and fatty acids. The last hypothesis is 
supported by peripheral data we obtained, where ApoE4 mice have higher levels of plasma 
ketone bodies and triglycerides compared to the age-matched ApoE3 female controls and to the 
ApoE4 male mice. Outcomes of our ongoing systems biology analyses of the ApoE-
perimenopause phenotypes will determine how the bioenergetic profile observed in the pre-
menopause stage changes upon peri- and post-menopause, which will provide mechanistic 
details of the ApoE4 genetic burden on the bioenergetic fluctuation of the perimenopausal 
transition and its contribution to AD risks in women. This work was supported by NIA 
5P01AG026572 to RDB; Project 1 to RDB & EC. 
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Abstract: Alzheimer’s disease (AD) is characterized by a long latent prodromal stage, and the 
perimenopausal transition in women is considered a “tipping point” in the development of the 
AD phenotype. Characterization of the inflammatory phenotype during the prodromal phase is 
crucial for development of inflammation based therapeutics and biomarkers. The disparate 
results from the ADAPT trial showed the beneficial effects of NSAIDs treatment at an early 
stage but the worsening of pathology and symptoms in older adults, highlighting the changing 
course and function of inflammation with the disease. Both age and menopause are causative 
factors that affect inflammation. This study is an effort towards studying the effects of the 
perimenopasual transition on the emerging inflammatory phenotype and understanding its 
possible implications on the development of Alzheimer’s disease. 
In our preliminary study using the perimenopausal rat model, which isolates endocrine aging 
from chronological aging, we observed an increase in inflammation during pre-menopausal 
chronological aging in the hippocampus. We observed a significant increase in expression of 
MHC-II (Major histocompatibility complex-II) molecules, involved in antigen presentation: 
HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-E, HLA-G, HLA-DRB5 during pre-menopausal 
chronological aging, identified by RNA-Seq analysis. Upregulation of the complement pathway 
is also observed during this phase. During endocrine aging, the female rats transition from 
regular cycling to irregular cycling followed by acyclicity, we observed a decline in the 
expression of MHC-II molecules, HLA-DQA1 and HLA-DQB1. In post-menopausal 
chronological aging, the MHC-II signaling molecules: HLA-DQA1, HLA-DQB1, HLA-DRA 
increased significantly. The differences in the expression of MHC-II in the hippocampus, during 
the course of chronological aging and the perimenopausal transition, implies that there are 
changes in the reactivity of key immune players: microglia, perivascular macrophages and 



astrocytes. Peripherally, serum cytokine levels of IL-1α and IL-12, measured by multiplex assay, 
were significantly increased in acyclic 9 month old rats and acyclic 16 month old female rats, in 
comparison to regular cycling 9 month old rats. These data are indicative of dynamic and distinct 
immune signaling during both endocrine and chronological aging. Further, the distinctive 
inflammatory phenotype in the perimenopausal transition and chronological aging provide 
insights key to the development of therapeutics and biomarkers targeting risk of AD. 
This work was supported by NIA 5P01AG026572 to RDB; Project 1 to RDB & EC. 
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Abstract: Human mitochondrial oxidative phosphorylation system comprises five electron 
transport chain complexes. The system is made up of roughly 130 subunits, of which 13 core 
subunits are encoded by the mitochondrial genome. Alterations in gene expression can lead to 
changes in cellular respiration and bioenergetics, which are implicated in multiple 
neurodegenerative diseases including Alzheimer’s disease. To study the initiation of the 
prodromal phase of AD, we investigated the endocrine perimenopausal transition and 
chronological aging. Our analyses focused on mitochondrial respiration and electron transport 
chain gene expression in female brain using a rat model recapitulating fundamental 
characteristics of the human perimenopause and aging. Specifically, female Sprague-Dawley rats 
between 9-10 months old were classified as either regular cycling, irregular cycling, or acyclic 
based on their estrus status. 6-month-old regular cycling and 16-month-old acyclic rats were 
included to distinguish the effects of chronological aging from endocrine aging. We used rtPCR 
to determine gene expression profile of mitochondrial-encoded genes and RNAseq for that of 



nuclear encoded genes. Results of these analyses indicated that in the hippocampus, during 
perimenopause, MT-ND3 , MT-CYB , and MT-ATP6 had significantly lower expression in both 
irregular and acyclic 9-month-old animals compared to regular cyclic 9-month animals. MT-
CO1, MT-CO2, and MT-CO3 had significantly lower expression in acyclic 9-month old animals 
compared to regular cyclers. Although expression level of other mitochondrial protein coding 
genes was not statistically different, they did share a trend of decreased gene expression. In terms 
of chronological aging, relative to 6-month-old female rats, mitochondrial genes in 9-month-old 
animals were generally up-regulated in hippocampus. However, following menopause, 
chronological aging did not affect mitochondrial gene expression. While the nuclear encoded 
genes exhibited a similar pattern of decline during perimenopause, a different pattern of 
expression was observed during chronological aging. Most of the nuclear encoded mitochondrial 
genes were up-regulated during chronological aging, especially after menopause when aging 
from 9 to 16 months. We also observed changes in key metabolic pathways. Our data suggest 
that in the hippocampus of aging female brain, mitochondrial and nuclear encoded electron 
transport chain subunits are under differential transcription regulation, and that the difference 
may be fuel source dependent.This work was supported by NIA 5P01AG026572 to RDB; Project 
1 to RDB & EC. 

Disclosures:  Y. Wang: None. M. Desai: None. R. Brinton: None. 

Poster 

596. Brain Wellness and Aging: Models and Mechanisms 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 596.13/M5 

Topic: C.01. Brain Wellness and Aging 

Support: RO1AG34667 

 PPG AG000538 

 R01AG17917 

 R01AG15819 

 Illinois Department of Public Health 

 Robert C. Borwell Endowment Fund 

 R01NS78009 



Title: Physical and cognitive activity drive transcriptional signatures in the aged human 
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Abstract: A growing literature suggests that declines in cognitive performance associated with 
normal aging and even Alzheimer’s disease (AD) can be buffered by physical and cognitive 
activity, with some evidence also supporting benefits of social participation. The underlying 
mechanisms by which lifestyle factors support brain function and health in the human brain are 
poorly understood. 
We used a microarray-based genome-wide approach in combination with multiple linear 
regression analysis and high throughput data-mining tools to evaluate the relationship between 
hippocampal gene expression and late-life physical activity, cognitive frequency or social 
activity in the aged human brain. Hippocampal tissue was obtained from clinically well-defined 
cases that had been followed longitudinally for up to 18 years until death with detailed annual 
assessments of cognitive function and multiple lifestyle variables (physical activity, cognitive 
activity, social participation) as part of the Memory and Aging Project at Rush University 
Medical Center. 
We found that physical and cognitive activity, but not social activity, have major programming 
effects on hippocampal gene expression patterns in the aged human brain and counteract specific 
age- and AD-related transcriptional patterns that contribute to cognitive decline. Core functions 
that are essential to build brain health are globally regulated at the transcriptional level, with 
physical and cognitive activity characterized by broadly increased expression of genes regulating 
mitochondrial function and energy production, protein trafficking and turnover, ubiquitin-
proteasome function, RNA processing, DNA repair, and synaptic function. A central prediction 
of the study was that lifestyle modalities would counteract molecular changes specifically 
associated with aging and AD. Consistent with this hypothesis, our data revealed that 40% of the 
transcriptional changes associated with physical activity, and nearly 30% of those associated 
with cognitive activity, specifically counteracted Age- and AD-associated gene expression 
patterns in the human hippocampus. Our data are the first in the human brain to suggest that 
physical and cognitive activity promote at the transcriptional level a global shift toward 
preserved function of multiple core processes fundamental for maintaining a healthy brain state 
and high-level function with age. 
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Abstract: Beneficial effects of exercise have been recently linked to epigenetic mechanisms. 
Age and protocol- dependent epigenetic effects of exercise have been described in hippocampus 
of rats. However, the impact of treadmill exercise on epigenetic marks in aged cortices yet 
remains poorly understood. We investigated the effects of different exercise protocols, single 
session and daily exercise, on epigenetic marks, specifically H4 acetylation, DNA 
methytransferase (DNMT1 and DNMT3b), and histone methyltransferase H3K27 (HMT 
H3K27) activity, in prefrontal cortices from 3 and 21-months aged Wistar rats. The animals were 
submitted to two treadmill exercise protocols, single session or daily moderate. The daily 
exercise protocol induced an increased in histone H4 acetylation levels in prefrontal cortices of 
21-months-old rats, without any effect in young adult group. DNMT3b levels were increased in 
aged cortices of animals submitted to single session of exercise. Our results indicate that 
prefrontal cortex is susceptible to epigenetic changes in a protocol and age dependent-manner 
and that H4 acetylation and DNMT3b changes might be linked at least in part to exercise-
induced effects on brain functions in aging process. 
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Abstract: Numerous studies have shown positive correlation between physical activity and brain 
health. Physical activity improves and maintains metabolic health, and seems to support learning 
and memory, and increase neurogenesis. However, it is difficult to make causal inferences 
between aerobic fitness and cognition, because exercise and a physically active lifestyle involve 
factors (e.g. social interaction and enriched living environment) known to support cognition. To 
study the neurobiological factors through which aerobic fitness influences cognition, we utilize a 
heterogenic rat model that is genetically determined for the intrinsic aerobic fitness: High and 
Low running Capacity Rats (HCR and LCR). Our group has shown that in this model, intrinsic 
aerobic fitness is related to improved learning that requires flexible cognition. All the 
experimental procedures were implemented in accordance with the directive 2010/63/EU of the 
European Parliament and approved by the National Animal Experiment Board, Finland. We 
determined baseline differences between the rat lines in spatial learning (T-maze test), brain 
dopaminergic system, and adult hippocampal neurogenesis (AHN). Both juvenile (at necropsy 8 
weeks old) and adult rats (at necropsy 10 months old) were studied. AHN was studied by 
immunohistochemistry for doublecortin (protein expressed in newly divided cells maturing into 
neurons); brain dopaminergic system was investigated by immunohistochemistry for tyrosine 
hydroxylase (TH) and dopamine transporter. In behavior, no ratline differences were found in T-
maze test at young (p = 0.232, mixed model ANOVA, LCR: n = 19, HCR: n = 20), while as an 
adult LCRs learned and remembered more efficiently this food motivated task compared with 
HCRs (p < 0.001, mixed model ANOVA, LCR: n = 13, HCR: n = 12). Young HCR rats (n = 18) 
had more new hippocampal neurons (p < 0.05, T-test) and more TH positive fibers (p = 0.005, t-
test) in caudate putamen than LCRs (n = 19), while the analyses of adult animals are ongoing. 



Our results indicate that a genetic predisposition for a high or a low aerobic capacity results 
differences within brain already as a young between LCR and HCR rats. The effect of aging 
remains to be shown. Furthermore, the studies for the effect of exercise on brain function and 
morphology would be needed, to see if we can diminish by exercise the early differences 
between the rat lines. 
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Abstract: Neural network decorrelation is regarded as fundamental to information processing. 
We have previously demonstrated that neural decorrelation, primarily involving temporal 
regions, distinguishes healthy veterans from those with psychiatric disorders, and have 
hypothesized that network decorrelation underlies healthy brain functioning by permitting neural 
flexibility (James et al., 2012 JAMA Psychiatry 70: 410-418). In the present study 
(http://brain.umn.edu/brp/womenshealthybrain.shtml), we evaluated neural network functioning 
derived from 1-min resting-state magnetoencephalographic (MEG; 248 sensors, sampled at 
1.017 kHz) data in 185 cognitively healthy women, 30-100+ years old, who have participated in 
a longitudinal study aimed at defining factors underlying healthy brain function across the 
lifespan. We expected that within and among cognitively healthy individuals, decorrelation 
would increase with age, serving as a mechanism that promotes neural flexibility and maintains 



healthy brain functioning across the lifespan. To test that hypothesis, we determined the strength 
of network functional connectivity by computing all pairwise crosscorrelations (-50 to +50 lags, 
0.974 ms/lag) between prewhitened MEG sensor time-series and regressing them against age (in 
months) to evaluate neural network properties cross-sectionally and longitudinally. As expected, 
results suggested that among cognitively healthy women, decorrelation increased with age both 
cross-sectionally and longitudinally, and involved primarily the temporal lobes, within and 
across hemispheres. Furthermore, the amount and location of decorrelation varied across lags, 
providing robust real-time evidence of the active neural processes involved in decorrelation. 
These findings support our hypothesis above that neural network decorrelation underlies healthy 
brain functioning by maintaining adequate capacity of the networks for information processing. 
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Abstract: Frailty is a clinical syndrome that is increasingly prevalent during aging. Frailty 
involves the confluence of reduced strength, speed, physical activity, and endurance, and it is 
associated with adverse health outcomes. Frailty indices have been developed to diagnose frailty 
in older adult populations, and a pre-clinical frailty index has been developed for the C57BL/6 
mouse. The present study adapts these existing clinical and pre-clinical indices of frailty to the 
Fischer (F344) rat, which is commonly used in aging research. One hundred and thirty-three 
male F344 rats (17mo) completed a battery of commonly administered behavioral tasks, 
including: forelimb wire-hang (strength), rotarod (speed), open field (physical activity), and 
inclined screen (endurance). This age was selected because it provides adequate remaining 
lifespan in which to conduct an intervention study without undo mortality and at which age-



related risk factors may still be modifiable. Within this cohort, rats whose performance put them 
in the lowest quintile were identified for each task, and the number of tasks on which a rat 
performed poorly determined their frailty index. Rats that performed poorly on two tasks were 
considered mildly frail (17.29%, n = 23), and rats that performed poorly on 3-4 tasks were 
considered frail (2.26%, n = 3). Logistic regression of 100-day survival revealed that mildly frail 
rats were 3.8 times and frail rats were 27.5 times more likely to die during that period than non-
frail rats (p = 0.038; 95% CI: 2.030, 372.564). The selected criterion tests, cutoff points, and 
index provide a potential standardized definition for frailty in aged F344 rats that is consistent 
with existing frailty indices for humans and mice, and present a potentially useful tool for 
excluding frail animals which may not survive a chronic intervention study. 
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Abstract: Age-related declines in balance, muscle strength and coordination often lead to a 
higher incidence of falling. Among older adults, falls are the leading cause of distress, pain, 
injury, loss of confidence, and ultimately, loss of independence and death. Previous studies in 
our laboratory have demonstrated that berry supplementation improves age-related declines in 
motor function even when fed to aged animals. However, it is still unclear whether the requisite 
daily intake for efficacy differs based on motor capability. The purpose of this study was to 
explore the interaction between baseline motor performance and daily raspberry intake required 
to achieve improvement and/or preservation in motor function. Aged male F344 (17 mos old) 
rats were tested for baseline (pre-test) balance, muscle strength and coordination and divided into 



good, average and poor performers based on their motor composite score (MCS), which was 
comprised of tests for strength (grip strength, wire suspension, and inclined screen), balance 
(plank and rod walking) and endurance (accelerating rotarod). Rats in each category were fed 
with either a 0%, 1%, or 2% raspberry-supplemented diet (RB). After 8-weeks on their 
respective diets, the rats were retested (post-test). Overall, the good performers performed worse 
in all of the post-tests compared to the pre-tests regardless of their diet. Interestingly, 1% and 2% 
RB appeared to preserve the performance of the good performers and improve the performance 
of poor performers on plank walking (p< 0.05). Two-percent RB improved post-test grip strength 
of the poor performers (p<0.05). Poor performers fed with 1% or 2% RB had higher post-test 
MCS (p< 0.05), while 2% RB lowered post-test MCS in the good performers (p< 0.05). The 
findings from this study identified poor performers as being most likely to benefit from daily 
consumption of ½-1 cup of raspberry to improve/preserve motor function. When extended to 
humans, raspberry may reduce fall risk, extend independence, and improve quality of life in the 
aging population. 
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Abstract: Age-related decrements in cognition are thought to result from the increased 
susceptibility to and accumulating effects of oxidative stress and inflammation. Berry fruits 
contain a variety of bioactive polyphenolic compounds, such as anthocyanins, that exhibit potent 



antioxidant and anti-inflammatory activities. In previous studies, we have shown that 
consumption of freeze-dried whole berry powder, equivalent to 1 cup/day of blueberry (BB) or 2 
cups/day of strawberry (SB), can differentially improve some aspects of cognition in healthy, 
older adults, compared to placebo-supplemented controls. Cell models provide valuable tools for 
the development of novel strategies and assessment of the mechanisms behind the protective 
effects of various foods against the oxidative stress and inflammation seen in aging. Because the 
bioactive compounds in foods are different than those found in circulation following 
consumption, pre-treatment of cells with serum from people fed these foods may be a more valid 
model system than treating with extracts of the foods themselves. In this study, we investigated 
whether fasting and postprandial serum from BB- or SB-supplemented older adults (60-75yo) 
taken at baseline or after 45 or 90 days of supplementation would reduce the production of 
inflammatory and oxidative stress signals, compared to a placebo group, in stressed HAPI rat 
microglial cells, in vitro. Serum from both blueberry and strawberry were able to reduce 
inflammatory stress signals, e.g. nitric oxide (p < 0.05), relative to serum from placebo controls. 
Measurements of oxidative stress signaling are currently ongoing. These results suggest that 
berry metabolites, present in the circulating blood, may be mediating the anti-inflammatory 
effects of dietary berry fruit. It is likely that this attenuation of inflammation is responsible for 
the beneficial effects on age-related declines in cognition. 
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Title: Tau PET imaging in the Lewy body diseases 
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Abstract: Background The causes of cognitive impairment in dementia with Lewy bodies 
(DLB) and Parkinson disease (PD) are multifactorial. Tau pathology is commonly observed at 
autopsy in DLB and PD dementia, but its contribution during life to these diseases is unknown. 
In this study, we sought to contrast tau aggregation in DLB, cognitively impaired PD (PD-
impaired), cognitively normal PD (PD-normal), and normal control (NC) subjects and to 
evaluate the relationship between tau aggregation, amyloid deposition, and cognitive function. 
Methods This cross-sectional study was conducted from 2014 to 2016. Subjects were recruited 
from the MGH Memory and Movement Disorders Units. 24 patients with Lewy body disease (7 
DLB, 8 PD-impaired, and 9 PD-normal) underwent multimodal brain imaging, cognitive testing, 
and neurological evaluation, and imaging measures were compared to those of an independently 
acquired group of 29 NC subjects with minimal brain amyloid burden, as measured with 
[11C]PiB PET. Subjects underwent tau PET imaging with [18F]AV-1451, MRI, detailed cognitive 
testing, and neurological examination. All but 3 subjects also underwent amyloid imaging with 
[11C]PiB PET. Results In DLB, cortical [18F]AV-1451 uptake was highly variable and greater 
than in NC, particularly in the inferior temporal gyrus (ITG) and precuneus. Foci of increased 
[18F]AV-1451 binding in the ITG and precuneus were also evident in PD-impaired subjects. 
Elevated cortical [18F]AV-1451 binding was observed in 4/17 Lewy body disease cases with low 
cortical [11C]PiB retention. For DLB and PD-impaired subjects, greater [18F]AV-1451 uptake in 
the ITG and precuneus was associated with increased cognitive impairment, as measured with 
the MMSE and the CDR sum-of-boxes score. Conclusions Patients with Lewy body disease 
manifest a spectrum of tau pathology. Cortical aggregates of tau are common in DLB and PD-
impaired patients, even in patients without elevated amyloid. When present, tau deposition is 
associated with cognitive impairment. These findings support a role for tau co-pathology in the 
Lewy body diseases. 
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Abstract: The textbook model of the mitochondrial respiratory chain describes the system as a 
liquid arrangement of respiratory complexes acting as independent entities. Inversely the solid 
model envisions these complexes coming together to form stable, functional, supra-molecular 
supercomplexes. New evidence however points to a more dynamic environment between these 
two extremes. The plasticity model describes a cell that is able to manipulate the composition of 
its respiratory chain to favor certain confirmations of complexes in response to changes in its 
environment. In this model the more efficient supercomplexes are especially important for cell 
types with a high ATP demand as a method for preventing reactive oxygen species (ROS) 
production. In contrast cells with a low ATP demand may prefer to use free complexes to avoid 
the extra energy demand to build and maintain supercomplexes.  
In this study we have attempted to observe supercomplex plasticity by using serum-starvation to 
induce a shift in the balance between supercomplexes and free complexes. In this situation 
growth factors are removed, and the cells become quiescent and thus lower their ATP demand, 
so according to the plasticity model there should be a shift away from supercomplexes towards 
free complexes. Using Blue Native Gel Electrophoresis, we have shown that this shift does occur 
during chronic serum-starvation. Additionally during this shift in supercomplex assembly, there 
is a decrease in ATP production and a robust increase in ROS production. This increase may hint 
at the role of supercomplexes in maintaining a low level of ROS by an efficient mitochondrial 
respiratory chain.  
This role has far reaching applications in diseases characterized by oxidative stress. In particular 
supercomplexes may play a relevant role in neurodegenerative disease and the aging process 
where the ability to build supercomplexes may be lost in neurons that are sensitive to 
mitochondrial dysfunction. In these cell types, the demand for ATP and the loss of 
supercomplexes may lead to rampant ROS production causing extensive damage to proteins, 
lipids, and DNA. In aging this may cause a vicious cycle where oxidative damage causes the 



respiratory complexes to become even more inefficient leading to further production of ROS. 
This research helps to establish a system whereby supercomplex plasticity and the mechanisms 
that regulate it can be studied in an effort to discover therapeutic targets that can rescue the loss 
of supercomplexes and potentially reduce the production of ROS. 
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Abstract: Many neurodegenerative diseases are accompanied by impaired energy metabolism as 
also seen with as diabetes mellitus (DM). CCL5/RANTES and its receptor CCR5 are known to 
contribute to neuronal activity a as well as type 2 DM but their mechanisms are unclear. Herein, 
we found that the lack of CCR5 or CCL5 in mice impaired the regulation of energy metabolism 
in hypothalamus. Immunostaining and co-immunoprecipitation revealed the specific expression 
of CCR5, associated with insulin receptors, in hypothalamic arcuate nucleus (ARC). Both ex 
vivo stimulation and in vitro culture studies demonstrated that the activation of insulin, and 
PI3K-Akt pathway were impaired in CCR5 and CCL5 deficient hypothalamus. The inhibitory 
phosphorylation of insulin response substrate-1 (IRS-1) at Ser302 (IRS-1S302) by insulin was 
markedly increased in CCR5 and CCL5 deficient animals but not IRS-2. Elevating CCR5 by 
CCL5 induced GLUT4 membrane translocation and reduced phospho-IRS-1S302 through 
AMPKα - S6 Kinase. Blocking CCR5 using the antagonist, MetCCL5, abolished the de-
phosphorylation of IRS-1S302 and insulin signal activation. In addition, intracerebroventricular 
delivery of MetCCL5 interrupted hypothalamic insulin signaling and elicited peripheral insulin 
responsiveness and glucose intolerance. Taken together, our data suggest that CCR5 regulates 



insulin signaling in hypothalamus which contributes to systemic insulin sensitivity and glucose 
metabolism. 

Disclosures:  S. Chou: None. Y. Hsieh: None. R. Ajoy: None. 

Poster 

597. Mitochondria and Energy Metabolism in Health and Disease 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 597.04/M15 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: AbbVie 

Title: In vivo evaluation of cerebral glucose utilization in aged rats and non-human primates 
assessed by [18f]-fluorodeoxyglucose positron emission tomography 

Authors: *A. M. BASSO, R. RAJAGOVINDAN, D. R. REUTER, A. E. TOVCIMAK, S. J. 
BAKER, B. A. HOOKER, M. J. VOORBACH, J. D. BEAVER;  
Translational Sciences-Imaging, AbbVie, North Chicago, IL 

Abstract: Alzheimer’s disease (AD) is associated with reduction in glucose utilization in 
temporal, posterior cingulate, frontal cortex and hippocampal brain areas during early 
asymptomatic stages of the disease, in patients with mild cognitive impairment and in individuals 
at risk for AD. The progressive decrease of cerebral metabolic rate of glucose is related to the 
severity of cognitive and functional decline in AD. Reduction in cerebral glucose uptake 
assessed by [18F]-fluorodeoxyglucose positron emission tomography (FDG PET) has been 
proposed as a sensitive pharmacodynamic marker to quantify physiologic /metabolic processes 
in the brain in vivo, associated with neurodegenerative pathologies and potential modulation by 
novel therapies. The aim of the current study was to test the hypothesis that cerebral glucose 
uptake in vivo in aged animals (rats and non-human primates, NHP) is reduced compared to 
young control subjects and can serve as a suitable preclinical model of impaired cerebral 
metabolic function. Male Sprague Dawley rats (5-7 month-old, n=23 and 20 month-old, n=19) 
and female cynomolgus macaques (5-7 year-old, n= 7 and 20-21 year-old, n=7) were evaluated 
for brain glucose utilization using the Inveon PET/CT scanner (Siemens) and MicroPET Focus 
220 (Siemens). Animals were fasted overnight (16-18 h) and plasma glucose levels were 
measured prior to each scan to ensure eligibility of the animal for the study. In all cases, [18F]-
FDG was injected i.v. into awake animals and after approximately 45-50 min, they were 
anesthetized (1.75-2.5% isoflurane) for CT followed by a static PET scan for 10 or 30 min 
duration (rats and NHP respectively). The average interval between [18F]-FDG administration 



and PET scan was 73+/-8 min in NHP. Throughout the study, body temperature of the animals 
was maintained stable. Standardized uptake values (SUV) in brain regions of interest were 
derived followed by statistical analysis employing linear mixed effect model with Group (young, 
aged) as a fixed factor and plasma glucose level as a continuous covariate. [18F]-FDG whole 
brain SUV glucose uptake in aged rats was significantly decreased (approximately 35% 
reduction) compared to young adults (p<0.01). In the NHP study, there was also an effect of age, 
with older animals demonstrating 20-25% reduction in FDG brain uptake (SUV) relative to the 
young animals in the hippocampus, posterior cingulate, temporal cortex, occipital cortex , frontal 
cortex and cerebellum (p<0.05). Results confirm our hypothesis and highlight the potential value 
of using aged animals to study brain metabolic changes as a preclinical model relevant for aging, 
AD and neurodegenerative diseases. 
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Abstract: Background: Pseudo-continuous arterial spin labeling (pCASL) is a magnetic 
resonance imaging (MRI) technique for contrast agent-free perfusion measurement. Previous 
studies found associations between pCASL with fluorodeoxyglucose positron emission 
tomography (FDG-PET). 
Goals: We aimed at comparing perfusion (pCASL) to the two traditional imaging methods of 
voxel based morphometry for measurement of gray matter probability (GM) and quantification 
of glucose metabolism (FDG-PET). We examined patients with subjective cognitive decline 
(SCD) and manifest Alzheimer’s disease (AD). 
Methods: 19 SCD (aged 65.3 ± 8.3, MMSE 28.6 ± 2.0) and 25 AD patients (aged 70.4 ± 6.0, 
MMSE 24.3 ± 2.7) were scanned with pCASL, T1 mprage and FDG-PET (N: 11 SCD & 17 
AD). All statistical tests were age- and atrophy-corrected, if applicable, and restricted to a region 
of interest encompassing the parietal cortex and (para-)hippocampus. Analyses of co-variance 
(ANCOVA) tested for between-group differences of mean GM, mean glucose metabolism and 
mean perfusion with eta squared (η2) as the corresponding effect size. Furthermore, a voxel-wise 
regression evaluated regional distribution of group differences of perfusion. Mean GM, mean 
glucose metabolism and mean perfusion in AD were correlated with each other in a pairwise 
manner. 
Results: Mean GM, glucose metabolism and perfusion were reduced in AD compared to SCD 
(p<.0000005, η2 =.35, p<.00001, η2 =.15; p<.05, η2 =.01, respectively). The voxel-wise 
regression revealed lower perfusion in the posterior cingulate cortex (PCC) in AD compared to 
SCD (p<.05, family wise error-corrected). Glucose metabolism correlated with perfusion in AD 
(p<.05, r=.51). 
Discussion: All measures were significantly reduced in AD. GM was reduced with a large effect, 
and after age and atrophy correction, glucose metabolism with a medium and perfusion only with 
a small effect. Perfusion was especially lower in the bilateral PCC in AD compared to SCD. 
Functional measures (perfusion and glucose metabolism) were associated with each other in AD, 
while neither was with structural measures (GM). FDG-PET and perfusion shared similar 
informative values, while FDG-PET and GM were much more robust in discriminating AD and 
SCD. Further research is warranted to aid in establishing pCASL as both, an addition and, in 
some cases, as an alternative to PET imaging. 
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Abstract: BACKGROUND: Recent diagnostic criteria for Primary Progressive Aphasia (PPA) 
include neuroimaging as a supportive feature [Gorno-Tempini et al., 2011]. The regional overlap 
between atrophy (measured by structural MRI) and hypometabolism (measured by FDG-PET) 
may vary throughout the PPA spectrum. Comparison of territories affected by atrophy and 
hypometabolism will shed light on the sequence of pathophysiological changes in the disease. 
HYPOTHESIS: Subtle hypometabolism is detectable in the PPA affected language regions 
which do not yet show cortical atrophy. 
METHODS: 30 right-handed PPA patients (10 logopenic, 11 non-fluent agrammatic, 9 semantic) 
underwent FDG-PET scan within 12 months from structural MRI scan. PET was co-registered to 
MRI and glucose uptake was quantified by standardized uptake value ratios (SUVR) with pons 
as reference region. MRI scans were analyzed according to FreeSurfer pipeline. SUVR and 
cortical thickness values were projected to surfaces in fsaverage space. Hypometabolism and 
atrophy Z-maps were calculated based on a set of 30 age and sex matched controls from Harvard 
Aging Brain Study [Dagley et al., 2015]. 
RESULTS: Hypometabolism and cortical atrophy were localized to regions involved in language 
dysfunction in PPA, which were mainly left hemispheric. Regions with cortical atrophy were 
smaller and contained within regions displaying hypometabolism. 
CONCLUSION: Our data suggest that hypometabolism is present without co-occurring atrophy 
in parts of the PPA affected language regions, which likely indicate future disease spread. 
Hypometabolism reflects synaptic and neuronal dysfunction, therefore, may occur earlier than 
cortical atrophy which represents neuronal death. 
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Abstract: Creatine’s (Cr) primary function is as an intracellular buffer that maintains high levels 
of ATP through the Cr/Phosphocreatine (PCr) shuttle. In this reversible reaction PCr donates its 
phosphate group to ADP, yielding ATP. This is relevant to the pathology associated with 
Parkinson’s disease (PD) as reductions in both ATP and PCr are observed in the dopamine (DA) 
rich midbrain, caudate, and putamen of those with PD. Cr also exhibits mitochondria-protective 
properties and dysfunctional mitochondria have been observed in the substantia nigra of those 
with PD. Importantly, Cr relies upon the Na+, Cl- -dependent Cr transporter (CrT) to enter cells. 
The CrT is encoded by the X-linked SLC6A8 gene, mutations of which result in CrT Deficiency 
(CTD), a developmental disorder characterized by a lack of cellular creatine, intellectual 
disability, epilepsy, and autistic-like symptoms. A high comorbidity of attention-deficit 
hyperactivity disorder (ADHD) - itself often attributed to dysfunctions in DA modulation - is 
also reported. With this in mind, we evaluated adult mice lacking Cr in the DA neurotransmitter 
system for PD-like symptoms and hyperactivity. Dopamine-specific Crt knockout (DAT-CrT) 
mice were generated by crossing Crtflox/+ mice with mice that express Cre recombinase driven by 
the DA transporter (DAT) promoter. Brain specific Crt knockout (BKO) and Crtflox/y mice were 
included as controls. Motoric function was evaluated every 30 days from P90 until P360. 
Locomotor activity was evaluated in both light and dark phases. In the challenging beam (CB) 
task, mice traverse a beam consisting of four 25 cm segments, each segment being 1 cm 
narrower than the previous. Errors, latency to transverse the beam and steps taken are recorded. 
Spontaneous activity (SA) was assessed by placing mice in a glass beaker on a transparent table 
and recording number of fore and hind limb steps, total rears and grooming events, and time 
spent grooming. Gait was analyzed using the DigiGait system. No differences were observed in 
measures indicative of a parkinsonian phenotype, i.e. increased errors in CB or decreased activity 
in SA. Both DAT-CrT and BKO mice display hyperactivity, evidenced by their quickness to 
cross the beam in CB as well as increased locomotion during both light and dark phases. The 
hyperactivity in DAT-CrT mice suggests that depleting Cr in DA neurons results in 



hyperactivity. Furthermore, this could point to energetic impairments in the DA system as a 
mechanistic factor of ADHD in CTD. 
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Abstract: Sleep-disordered breathing (SDB), a condition with repeated episodes of hypopnea 
and apnea during sleep, is more prevalent in the elderly than younger populations, and can 
contribute to cognitive decline. SDB is characterized by sleep fragmentation and intermittent 
hypoxia. Hypoxia in animal models have resulted in dysregulation in gamma-aminobutyric acid 
(GABA) and glutamate, the major inhibitory and excitatory neurotransmitters in the brain, 
respectively, leading to excitotoxicity, neuronal damage and/or loss. However, excitatory and 
inhibitory neurotransmitter dysregulations in the human elderly brain with SDB remain poorly 
understood, and in particular in the dorsolateral prefrontal cortex (dlPFC). The dlPFC is critical 
for executive functions and it is highly vulnerable to synaptic and functional changes in aging. 
SDB can exarcebate executive dysfunction and other cognitive impairment in the elderly, 
decreasing quality of life. Investigation of the neurometabolic changes in elderly SDB patients 
can advance our understanding of the neuropathophysiology of SDB and point to potential novel 
biomarkers and treatment targets. We used proton magnetic resonance spectroscopy (H MRS) 
which allows in vivo non-invasive measures of neurometabolites such as GABA and Glx 
(combines resonances of glutamate and glutamine) in the dlPFC and in the hippocampus of 
elderly individuals with moderate-severe SDB (AHI>15) and without SDB (AHI<5), who have 



undergone polysomnography, to examine the hypothesis that alterations in one or both of these 
neurotransmitters occur in SDB and correlates with oxygenation measures, potentially 
contributing to increased neural excitability in SDB. GABA levels were significantly reduced in 
the dlPFC in elderly with SDB compared with elderly subjects without SDB. Moreover, we 
observed a relationship between GABA levels in dlPFC and severity of sleep apnea, measured 
through apnea-hypoxia index (AIH) and minimal saturation levels. Our findings implicating 
GABA in the pathophysiogical mechanisms of SDB may contribute to future studies that can 
ultimately help prevent neural damage and cognitive decline in the elderly population and 
identify novel treatment targets. 
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Abstract: Here, we determined the contribution of astrocytic neuronal lactate shuttle to 
maintenance of ion homeostasis and energy metabolism. We tested for the effects of α-cyano-4-
hydroxycinnamic acid (4-CIN, less tan 200 µM), which could interfere with energy metabolism 
by blocking monocarboxylate-transporter 2 (MCT2) mediated neuronal lactate uptake, on 
evoked potentials, stimulus induced changes in K+, Na+, Ca2+, pH and oxygen concentrations as 
well as on changes in flavine-adenine dinucleotide (FAD) autofluorescence in hippocampal area 
CA3. MCT blockade by 4-CIN reduced synaptically evoked but not antidromic population 
spikes. This effect was dependent on the activation of KATP channels indicating reduced neuronal 
ATP synthesis. By contrast, lactate receptor activation by 3,5-dihydroxybenzoic acid (3,5-
DHBA) resulted in increased antidromic and orthodromic population spikes suggesting that 4-



CIN effects are not mediated by lactate accumulation and subsequent activation of lactate 
receptors. Recovery kinetics of all ion transients were prolonged and baseline K+ concentration 
and proton concentration became elevated by blockade of lactate uptake. Lactate contributed to 
oxidative metabolism as both baseline respiration and stimulus induced changes in pO2 were 
decreased, while FAD fluorescence increased likely due to a reduced conversion of FAD into 
FADH2. These data suggest that lactate shuttle contributes to regulation of ion homeostatsis and 
synaptic signaling even in the presence of ample glucose. 
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Abstract: Introduction 
The nuclear factor, erythroid-derived 2,-like 1(Nrf1) is a member of the cap “n” collar subfamily 
of basic region leucine zipper transcription factors and plays major role in regulating the adaptive 
response to oxidants and electrophiles within the cell. Interestingly, mitochondrial electron 
transport chain (ETC) is the most energy producer in the cell which consists of multi-subunit 
enzyme complexes. Mitochondrial biogenesis results from organized and precise activity of 
nuclear and mitochondrial genomes. In the present study, the level of peroxisome proliferator-
activated receptor gamma coactivator 1-alpha (PGC-1α), an important factor involved in 
mitochondrial biogenesis has been evaluated after Nrf1-siRNA injection. 
Methods 
Here, we injected small interfering RNA (siRNA) targeting Nrf1 in dorsal third ventricle (D3V) 
of adult male albino Wistar rats (weighting 200-250 g) and subsequently examined the effect of 
this silencing on mitochondrial biogenesis factors, along with ETC activity in three brain 
regions: hippocampus, amygdala, and prefrontal cortex. Three groups were designed for this 
study: control group 1 received intra-D3V injection of 5 µl scrambled siRNA; control group 2 



received 5 µl RNase-free water in their D3V, and the third group received intra-D3V injection of 
5 µl Nrf1-siRNA. Stereotaxic surgery and siRNA administration in rat brain was conducted due 
to standard protocol. To be noticed, western blotting using Anti-Nrf1 and PGC-1α antibodies and 
spectrophotometric analysis of ETC complexes activities were applied for evaluation. 
Results 
We evaluated the level of Nrf1 by Western blotting, 4 and 8 h after Nrf1-siRNA injection. 
Protein level of Nrf1 reduced in consequence of Nrf1-siRNA injection. The most reduction of 
Nrf1 level was detected in prefrontal cortex, 8 h after siRNA injection (35.5 % compared to the 
control group). Also, having ETC as the most energy producer in the cells, complex I activity did 
not show any significant changes in all studied regions. Complexes II-III activity did not change 
significantly in prefrontal cortex and amygdala, but accumulated activity of complexes II-III in 
hippocampus increased to 32.13 and 33.76 nmol/min/mg protein, 4 and 8 h after Nrf1-siRNA 
knockdown, respectively. Otherwise, activity of complex IV in all three regions increased 
significantly. In addition, Nrf1-siRNA injection increased PGC-1α and cytochrome-c level 
compared to the control group. The most increase in PGC-1α level (2.3-fold compared to the 
control group) was in amygdala, 8 h after Nrf1-siRNA injection. 
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Abstract: The fetal and neonatal pancreas shows developmental plasticity and responsiveness to 
its metabolic environment, including poor maternal nutrition. Low-protein (LP) maternal diets 



decrease fetal b-cell mass and isolated islet insulin secretion at term. Life-time consequences of 
poor fetal pancreatic development can impair offspring carbohydrate metabolism predisposing to 
diabetes even when the diet is normalized at weaning. Also this can leads to damage in the brain 
since the developmental stage in which nutrition was altered. The effect can alter in short term 
some neural process such learning and memory, anxiety, satiety, oxidative stress causing in an 
long term a development of neurodegenerative disease like Alzheimer. The aim for this work 
was to study the effect of the low protein diets in pregnancy and/or lactation rats on the 
hippocampus, a special area for memory and learning. We studied female rat offspring exposed 
to low-protein maternal diet (50% control protein diet) in pregnancy and/or lactation at postnatal 
day 36. Rats were fed either control 20% casein diet (C) or restricted diet (R - 10% casein) 
during pregnancy. After delivery, mothers received either C or R diet until weaning to provide 
four offspring groups: CC, RR, CR and RC (first letter denoting maternal pregnancy diet and the 
second lactation diet). Pups were euthanized at 36 days old and the hippocampus was dissected 
and western blot was performed to evaluate the context of GFAP and MAP-2. For GFAP was 
observed an increase in the RR and RC diets, on the other hand for MAP-2 a decrease in the diets 
RR and RC. This result suggest that a restriction diet and a diet that after is normalized affect 
some molecular process in the brain and this can leads to an behavioral impairment at long term. 
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Abstract: Ketamine, an antagonist of the Ca2+-permeable N-methyl-d-aspartate (NMDA)-type 
glutamate receptors, is a pediatric anesthetic. We show that acetyl L-carnitine (ALCAR) reverses 
ketamine-induced attenuation of heart rate and neurotoxicity (motor neurons, sensory neurons, 
serotonin and dopamine systems) in zebrafish embryos. However, it’s not clear how ALCAR 
reverses ketamine-induced toxicities. In order to delineate the mechanism, we used 48 hours post 
fertilization (hpf) zebrafish embryos that were exposed to the drugs for 2 or 4h. In the 48 hpf 
embryos, 2 mM ketamine reduced heart rate in a 2- or 4-h exposure and 0.5 mM ALCAR 
neutralized this effect. ALCAR could reverse ketamine’s effect, possibly through a 
compensatory mechanism involving extracellular Ca2+ entry through L-type Ca2+ channels that 
ALCAR is known to activate. Hence, we used verapamil to block the L-type Ca2+ channels. 
Verapamil was more potent in attenuating heart rate and inducing morphological defects in the 
embryos compared to ketamine at specific times of exposure. ALCAR reversed cardiotoxicity 
and developmental toxicity in the embryos exposed to verapamil or verapamil plus ketamine, 
even in the presence of 3,4,5-trimethoxybenzoic acid 8-(diethylamino)octyl ester (TMB-8), an 
inhibitor of intracellular Ca2+ release, suggesting that ALCAR acts via effectors downstream of 
Ca2+. In fact, ALCAR’s protective effect was blunted by oligomycin A, an inhibitor of ATP 
synthase that acts downstream of Ca2+ during ATP generation. We have identified, for the first 
time, a downstream effector of ALCAR that’s critical in abrogating ketamine- induced 
developmental toxicities. 

Disclosures:  J. Kanungo: None. B. Robinson: None. Q. Gu: None. S. Ali: None. M. Paule: 
None. X. Guo: None. 

Poster 

598. Brain Wellness and Aging: Physiological and Molecular Correlates 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 598.01/N6 

Topic: C.01. Brain Wellness and Aging 

Title: Identification of putative neurogenesis-associated transcriptional biomarkers 

Authors: *N. M. WALTON1, S. MIYAKE2, M. MATSUMOTO2, H. ITO1, K. TAJINDA1;  
1Neurosci., Astellas Res. Inst. of America LLC, Skokie, IL; 2Neurosci. Res. Unit, Drug 
Discovery Res., Astellas Pharma Inc, Tsukuba, Japan 

Abstract: Hippocampal neurogenesis is a fundamental constituent of learning and memory; 
alterations in this process have been implicated in a number of CNS diseases. However, despite 
the obvious contribution of this process to CNS function, dynamic descriptions of postnatal 
neurogenesis remain hampered by technical limitations. Current studies are largely constrained 



to postmortem evaluation, preventing real-time evaluation of live populations. This is 
particularly true in human subjects, for whom consensus defined biomarkers do not exist. 
In an effort to identify peripheral transcriptional biomarkers that mirror neurogenesis-specific 
transcriptional expression changes associated with hippocampal neurogenesis, we compared a 
number of microarray datasets from brain and peripheral blood mononuclear cells (PBMCs). 
Using reductive comparison, we identified transcripts that exhibited robust, conserved expression 
in both blood and brain. We then compared this dataset to hippocampal- and/or PBMC-derived 
samples isolated from rodent models of perturbed neurogenesis. These included voluntary 
exercise and chronic fluoxetine administration, as well as animal models that display alterations 
in early- and late stages of neurogenesis and/or neuronal maturation. To further refine gene 
expression changes to neural stem/progenitor cell-specific genes and/or populations, we 
compared hits identified in vivo to an in vitro neurogenesis assay containing an enriched 
population of primordial neuropoietic cells. 
Using this approach, we were able to identify numerous examples of genes exhibiting 
concomitant transcriptional alteration in both hippocampal and PBMC samples. From this 
dataset, it may be possible to identify responsive elements in nucleated blood cells that retain a 
conserved transcriptional response to those of hippocampal stem/progenitor cells. 
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Abstract: Recent scientific evidence suggests that hyperexcitability in neural circuits may be 
responsible for neurodegeneration and cognitive impairment during aging. This may, in turn, be 
due to an imbalance between excitation and inhibition neurotransmission or a reduction in 
GABAergic signaling. Thus, developing a way to prevent hyperexcitability in the brain can be an 
excellent strategy for preventing neuronal death and cognitive decline. Withania somnifera 
(WS), also known as ashwagandha, is herbal medicine that is been used for centuries in 
Ayurvedic medicine and is known as an adaptogenic plant because of its stress reducing 
capability. We have chosen to study this plant because evidence indicates that it has calming and 
GABA-enhancing capabilities. Our preliminary studies show that whole root WS modulates 
hippocampal activity and survival via a GABA-mimetic mechanism. In addition, the most widely 
studied active components of WS root extract, withaferin A and withanolide A, were not 
responsible for the observed GABA receptor activation. Thus, we hypothesize that other key WS 
constituents promote optimal hippocampal function and neuronal survival via GABAergic 
mechanism. To test this hypothesis, whole WS extracts have been separated into eight fractions 
using liquid-liquid extraction. To identify bioactive fractions with GABA activity, the Xenopus 
laevis oocyte model was utilized to study GABArho (GABAA subtype) receptor function. Cloned 
GABArho cDNA from rat brain was injected into Xenopus oocytes. Two days after injections, 
GABA currents were recorded from voltage clamped oocytes using microelectrodes filled with 
3M KCl and membrane potential held constant at -80 mV. The oocytes were continuously 
perfused with ringer solution at room temperature, followed by perfusion of the eight extracted 
WS fractions at 1: 100 dilution to test their physiological activity. Results showed that two out of 
eight fractions (water and butanol) exhibit significant maximal GABA response as compared to 
10 uM GABA as a control (One Way ANOVA, p < 0.0001). This finding supports our 
hypothesis that major WS constituents may be responsible for the GABA-mimetic activity and 
have specificity for GABArho receptors as shown by significant GABA response in the two 
identified WS fractions and minimal response in the remaining six WS fractions. These results 
suggest that these constituents may be polar substances such as withanosides IV and VI, or small 
molecules such as amino acids. Understanding the mechanism of WS may be valuable for the 
development of pharmacological treatments for neurological disorders associated with 
GABAergic signaling dysfunction. 
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Abstract: GABA, the primary inhibitory neurotransmitter in the mammalian brain, plays a 
fundamental role in the dorsolateral prefrontal cortex (dlPFC) under normal working conditions. 
In particular, the parvalbumin (PV) class of GABA interneurons is involved in sustaining the 
normal neuronal signaling that supports proper functionality of the dlPFC executive system. 
Because the dlPFC undergoes a protracted development, early disruption may play a role in 
working memory impairment and other cognitive deficits associated with neurodevelopmental 
disorders including schizophrenia (SCZ). Further, the hippocampus, a structure in the medial 
temporal lobe, matures relatively early in life and has been implicated in dlPFC development. 
Thus, we predicted that a neonatal hippocampal lesion would disrupt the normal PV-positive cell 
maturation within the dlPFC, consistent with an early limbic-prefrontal disconnection model of 
SCZ. In this study, we used tissue harvested from adult rhesus monkeys (Macaca mulatta) that 
had sustained either bilateral ibotenic acid lesions of the hippocampus (Neo-H, n = 4) or sham 
operations (Neo-C, n= 4) as neonates to analyze the relative density of PV-positive GABAergic 
interneurons in cortical layers IIIA and IIIB of Brodmann Area 46d.We used 
immunohistochemistry, Giemsa counterstaining, systematic random sampling, and the optical 
disector and optical fractionator stereological principles to visualize and quantify PV-
immunoreactive neurons. We found a significantly higher density of PV-positive cells 
specifically within layer IIIA of the dlPFC of Neo-H monkeys relative to the Neo-C monkeys, 
both between the left hemispheres of the two groups and across the groups when both 
hemispheres were considered together. These results were confirmed by estimations of total PV-
positive cell populations in layer IIIA of area 46d. Moreover, layer IIIA PV densities of the Neo-
H group were significantly positively correlated with the extent of hippocampal damage. The 
finding of PV density changes in IIIA but not IIIB suggests that the alterations are related to 
specific components of GABAergic circuits rather than general disruption of PV expression. 
Furthermore, these results are consistent with functional connectivity changes and behavioral 
deficits observed in the same Neo-H cases. Ultimately, these findings have implications for how 
neonatal lesions of the hippocampus may affect vulnerable structures and disrupt cognitive 
processing, eventually leading to deficits characteristic of neurodevelopmental disorders 
including schizophrenia. 
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Abstract: Parvalbumin interneurons (PV+INs) require very high amounts of energy to sustain 
their firing rates that are implicated in the generation of high frequency oscillatory behavior. It 
has been observed that these interneurons contain high levels of mitochondria which reflect the 
large energy utilization that takes place. Hence, they are susceptible to incidents of mitochondrial 
impairment as mitochondria provide the predominant source of energy. A shortage in energy 
provision, due to deficits in the ability of mitochondria to generate ATP and buffer calcium, may 
result in a dysfunction in PV+INs metabolic activity and signaling. These dysfunctions can cause 
aberrant rhythmic activities and cognitive decline which are observed in neurological and 
neuropsychiatric disorders. Neurons are characterized by an exaggerated polar morphology and 
therefore, specialized mechanisms have evolved to distribute mitochondria to sites of high 
energy demand in order to meet the metabolic needs of the cell. We have generated a conditional 
transgenic mouse line using the PV-Cre and the PhAMfloxed lines where mitochondria are 
fluorescently labeled with MitoDendra only in PV+INs. By employing organotypic brain culture 
preparations from young animals, we are able to investigate mitochondrial dynamics such as 
trafficking, fission and fusion using live two-photon and confocal microscopy. We show that the 
expression of MitoDendra under the parvalbumin promoter begins around P10 and is stabilized 
around P28 and that more than 90% of the Mitodendra-expressing cells are immunopositive for 
parvalbumin. This suggests that the PV-Cre MitoDendra mouse is a suitable model for the cell-
type specific investigation of mitochondrial dynamics in PV+INs. Using live-imaging of ex vivo 
organotypic brain cultures, we have characterized the trafficking properties of mitochondria in 
PV+INs in the hippocampus under basal conditions. Additionally, MitoDendra can be 
successfully photoconverted for implementing single mitochondrion tracking experiments and 
for investigating fusion and fission. Here, we introduce for the first time a strategy to investigate 
mitochondrial dynamics in PV+INs in intact brain tissue. By taking advantage of this approach, 
we can now specifically manipulate mitochondrial trafficking and investigate how changes in 



energy provision and calcium homeostasis could be implicated in the PV+INs physiological 
behavior and network activity. 
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Abstract: Normal aging results in a decline of cognitive function that has been associated with 
Ca2+ dysregulation in hippocampal CA1 pyramidal neurons of several species. Among the most 
consistent and well-studied electrophysiological markers of neuronal Ca2+ dysregulation is the 
age-related enlargement of the Ca2+-dependent sAHP. This enlargement is generated by an 
increase in Ca2+ influx via L-type Ca2+ channels and enhanced Ca2+ release from ryanodine 
receptors. Most studies to date showing an aging-related increase in the sAHP have been 
conducted in hippocampal pyramidal neurons. Therefore, it is not clear whether this form of Ca2+ 
dysregulation is widespread across brain regions and cell types or is instead restricted primarily 
to the hippocampus. Resolving this question may substantially facilitate identification of the 
neuronal circuits involved in aging changes in memory processing. In particular, the extensive 
reciprocal connectivity between the Entorhinal cortex (EC) and hippocampus is well recognized 
to play an important role in memory formation but it is not known whether Ca2+ dysregulation 
extends to the EC. We obtained intracellular current clamp recordings from layer III neurons in 
entorhinal slices from young (3-5 months-old) and aged (20-22 months-old) male rats. Layer III 
of the EC contains a high proportion of pyramidal cells and essentially all neurons we recorded 
exhibited a sAHP. Results revealed a highly significant increase in the magnitude of the sAHP 
and sAHP duration in aged rat EC neurons compared to young rat EC neurons (p<0.002 and 



p<0.0004 respectively). This aging-related increase was larger than is typically seen in CA1 
neurons. Thus, at least one component of the EC projection to hippocampus exhibits strong 
evidence of Ca2+ dysregulation with aging that appears similar to the form found in CA1 
pyramidal neurons. 
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Abstract: In the wild animals of Aplysia kurodai, the birthdate of each individual cannot be 
determined. Therefore, we initially sought a reliable index of old age by taking the distinguished 
Japanese seasons into consideration. During and after the second half of May, we commonly find 
large amounts of animal eggs on the surface of rocks along the coast. And dead bodies of 
animals begin to appear, which increase in number with the passage of time. The body weights 
of the collected animals were found to decrease after May. We roughly classified animals 
collected before and after the second half of May as mature-CP and old-CP. Plots of internalized 
shell length (S) against body weights (W) gave distinct best-fit curves for mature-CP and old-CP. 
The W/S significantly decreased in the second half of June, suggesting that body weight 
decreases with age but the shell length is maintained in each animal. Therefore, collected animals 
were classified into mature and old animals by using the best-fit curves for mature-CP and old-
CP. Whether the plots of the shell length against the body weight were located above the W-S 
curve for old-CP or below the W-S curve for mature-CP was used for our judgment on the old or 
mature animals, respectively. In the present experiments the effect of aging on the food intake 
was examined. When we measured amount of food intake every 2 hrs up to 8 hrs after providing 
food, the amount increased linearly in all animals but the rate was significantly lower in old 
animals than in mature animals. The amount of one-day food intake was also significantly lower 
in old animals. These results suggest that food intake may decline with age and this may cause 
weight loss in old animals. We next examined the effect of aging on the function of the related 
synapse in the feeding neural circuit. Then it was focused on the monosynaptic cholinergic 



response in the jaw-closing (JC) motor neurons induced by the buccal multiaction (MA) neurons. 
We found that the inhibitory postsynaptic currents (IPSCs) significantly decreased with age. We 
previously showed that reduction of this synaptic response by the modulatory dopaminergic 
neuron (CBM1) may contribute to generation of the patterned jaw movements for rejection of 
food. Therefore, an injury of the cholinergic synaptic function with aging may partly contribute 
to the decline of the food intake. 
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Abstract: The dorsolateral prefrontal cortex (DLPFC) is one of the most newly evolved regions 
in the primate brain and mediates highest-order cognitive functions. A prototypic cognitive 
function executed by the DLPFC involves working memory (WM), the ability to use 
representational knowledge to regulate behavior, thought and emotion. Within DLPFC, modules 
of pyramidal cells in layer 3 microcircuits engage in recurrent excitation to sustain persistent 
neural firing required to maintain WM, so-called “Delay cells”. These DLPFC layer 3 
microcircuits are highly vulnerable to age-related cognitive decline and to genetic insults in 
psychiatric diseases such as schizophrenia. For example, the firing of “Delay cells” and dendritic 
spine density within DLPFC layer 3 microcircuits decrease with advancing age. Since the 
recurrent excitation required to sustain WM is highly energy demanding, the PFC contains a 
higher density of mitochondria compared to other cortical regions. However, whether 
dysregulation of mitochondria contribute to the neurobiological underpinnings of age-related 
cognitive decline is unknown. Here, we tested the hypothesis that mitochondrial morphology in 
DLPFC is altered with aging and that impairments in mitochondrial dynamics would be most 
pronounced in DLPFC layer 3. Using stereological electron microscopy with ultrathin serial 
sections, we performed 3D reconstructions and volume measurements of mitochondria from 



young adult rhesus macaques (7-11 y) and aged rhesus macaques (26, 27, 31 and 33 y). 
Qualitatively, aged mitochondria exhibited frequent swellings next to highly constricted areas, 
consistent with “incomplete” mitochondrial fission. Quantitatively, the percentage of 
mitochondrial profiles (n=365) with “incomplete” fission was ~0% in young adults; however, the 
frequency of “incomplete” fission profiles (n=774) increased in a dramatic fashion across all 
laminar locations during aging (43%, 26y; 10%, 27y; 40%, 31y; 18%, 33y). Although individual 
variability in monkeys was present, layer 3 showed a progressive, linear increase in dysregulated 
mitochondrial dynamics. These “incomplete” fission mitochondria in aged DLPFC are also 
associated with cisterns of ER tubules suggesting that aberrant ER-mitochondria processes might 
induce impairments in mitochondrial dynamics. These findings reveal a robust pathological 
abnormality that may contribute significantly to age-related cognitive decline in the DLPFC. 
Future studies will address how intracellular signaling pathways that modulate the physiological 
strength of recurrent DLPFC network connections can synergistically produce these pathological 
hallmarks. 
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decreased activity-dependent IPSCs in pyramidal neurons of the barrel cortex of aged mice 
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Abstract: Previous studies using long-term in vivo two-photon imaging of the dendritic spines of 
layer 5 pyramidal neurons in the primary somatosensory cortex have shown that advanced age 
brings about an increase in the spine turnover rate, potentially interfering with memory storage. 
Excitatory and inhibitory synaptic inputs to pyramidal neurons may modulate dendritic spine 



dynamics either directly by controlling the resting membrane potential and Ca2+ influx or by 
affecting the expression of proteins which play a role in the structure of dendritic spines. 
Identifying which synaptic inputs are altered by age and what underlies these changes will 
provide specific targets for interventions aimed at redressing the acceleration of spine turnover. 
The pyramidal (excitatory) neurons in the somatosensory barrel cortex receive GABAergic 
inputs from several types of interneurons, including parvalbumin-expressing fast spiking (FS) 
neurons, somatostatin-expressing neurons and vasoactive intestinal peptide-expressing neurons. 
Using whole-cell patch clamp recordings in brain slices, we are pinpointing age-related changes 
in this circuit. Our recordings from pyramidal neurons indicate a decrease in sIPSC frequency 
and amplitude, as well as a lack of TTX suppression of IPSCs in layer 5 pyramidal neurons from 
aged mice (> 18 mo), compared to pyramidal neurons from young adult mice (3-6 mo). We 
hypothesized that a likely cause of this age-related decrease in IPSCs in pyramidal neurons is a 
decline in the activity of FS neurons, since they provide the majority of perisomatic inputs to 
pyramidal neurons. To ascertain this, we recorded from FS neurons classified as putative basket 
or chandelier cells based on their electrophysiological properties, and found an increase in the 
resting potential of basket cells in aged mice. The age-related hyperpolarization of the resting 
potential of basket cells is expected to decrease action potential frequency and may also decrease 
the probability of release of GABA, thereby contributing to the observed deficit of inhibition in 
pyramidal neurons. Our results suggest that deficits in inhibitory synaptic inputs to pyramidal 
neurons could be playing a role in the synaptic instability observed in the cortical circuits of aged 
mice, thus making fast spiking basket cells a potential target for the development of therapeutic 
interventions designed to delay the onset of aging-related brain decline and hence prolong the 
quality of life and welfare of the elderly. 
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Abstract: Blood forms a systemic milieu that connects all tissues in higher order animals. As 
such, it reflects the state of the cells, organs, and the entire organism, and has extensively been 
used as a source of diagnostic biomarkers. Accumulating evidence from parabiosis experiments 
suggests that it can also influence function, with young blood being beneficial and old blood 
detrimental, particularly for cognitive performance. Similar effects have been observed for 
plasma suggesting that these functional effects are mediated by soluble factors rather than cells. 
To identify factors that can potentially serve as targets of novel diagnostics and therapeutics for 
age-associated pathologies, we set out to understand aging-related changes in the human plasma 
proteome. 
Proteomic analysis of plasma is highly challenging due to the very large number of proteins and 
proteoforms present in plasma (104 - 105) combined with their wide dynamic range in abundance 
(up to 1010-fold). We employed complementary approaches, both affinity based targeted and 
mass spectrometry based discovery proteomics analyses. Using high quality human plasma 
samples from Grifols at 18, 30, 45, 55, and 66 years of age, we analyzed >1000 proteins and 
detected significant age-dependent changes in over 100 proteins. Approximately half of the 
changing proteins increased and half decreased from 18 to 66 years of age. Analysis over the 
multiple age groups provided high resolution and revealed differential time courses of changes of 
individual proteins. The dynamics of protein levels over aging adds a valuable new dimension to 
understanding the role of age-dependent plasma proteins. These results provide a comprehensive 
basis for identifying biomarkers of biological age and suggest the existence of both pro-youth 
and pro-aging factors in human plasma. The understanding of the changes in the plasma 
proteome can also inform selection of potential targets for therapies for age-associated diseases 
like Alzheimer’s disease. 
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Abstract: Many individuals experience an impoverished lifestyle often associated with 
cognitive, emotional, and motor decline and can lead to a reduced life span. Such individuals 
include elderly living with little social contact, the homeless, and those living in jails and prisons, 
particularly those in solitary confinement. We are assessing the impact of housing under isolation 
conditions using a behavioral test battery and biochemical, molecular biological, and anatomical 
methods. F344/BN male rats 18 month old at the outset of our study were housed either 
individually in a standard shoebox cage (18 cm W x 38 cm D x 27 cm H; SE) or in groups of 6 in 
a relatively enriched environment (1 m W x 1m D x 0.6m H; EE) containing running wheels, 
tunnels, platforms, and toys. Body weights remained relatively stable in the SE rats but increased 
by an average of 10% for the EE rats over a 4-month period. The SE animals showed relatively 
little behavioral activity, which was consistent with the small space in which they were housed. 
In contrast, the EE rats showed a good deal of exploration, climbing, playing, and social 
interaction. After 4 months, all rats were euthanized, brain, peripheral tissues, and blood 
collected, and the brain dissected into several regions. Assays are being performed and and 
comparison made between SE and EE groups. Although not all the differences were statistically 
significant, a number of promising trends have already been observed. For example, we found 
that the SE rats housed in isolated, impoverished conditions had a 72% decrease in BDNF. These 
rats also had a 37% decrease in the ratio of dopamine (DA) metabolites to DA and a 30% 
decrease in the level of phosphorylated tyrosine hydroxylase in the striatum; both of which 
suggested a decrease in DA synthesis and release in that structure. There was a five-fold increase 
in mitochondrial DNA damage levels in hippocampus in the SE rats. In addition, substantia nigra 
from rats in the SE showed a number of significant differences in mRNA expression, including 
changes in Azin1, Tssc4, Ddit4, Nfkb1a, Pdk4, and Sgk1 (downregulated) and Cxcl13 and 



slc47a1 (upregulated). Additional assays are ongoing. Thus far our results indicate that isolated 
housing produces significant changes consistent with decreased neuroplasticity. In a parallel 
study, a marked change in cytokine levels in response to an LPS challenge was observed as a 
result of isolated housing (see Jaumotte et al., at this meeting). These results suggest that 
isolated, impoverished living conditions can produce profound changes in the brain that may be 
at least partially responsible for the behavioral impairments observed in people experiencing 
such conditions. 
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Abstract: As people age they often are more likely to become ill. Among the many factors that 
could explain their reduced health span is the increasing isolation commonly experienced by the 
elderly, as well as other segments of our society. This, in turn, can be associated with an 
impaired immune system, including a decline in B- and T-cell production, which is reflected by 
changes in the expression of cytokines produced in response to exposure of viral or bacterial 
agents. In this experiment, we examined the immune response elicited by exposure to 
lipopolysaccharide (LPS), an endotoxin produced by bacteria. We first examined a small dose-
response curve for LPS (0-2 mg/kg, i.p.) in 28-month-old male Fisher 344/Brown Norway hybrid 
rats (F344/BN) to determine the highest tolerable dose of a single intraperitoneal injection of 



LPS. We then used an intermediate dose from that analysis (empirically determined to be 1 
mg/kg) and delivered it to male F344/BN rats housed housed in our facility for 8 months 
beginning at 19 months of age. The two groups studied were either singly housed in a standard 
shoebox cage (18 cm W x 38 cm D x 27 cm H; SE) or a relatively enriched environment 
consisting of a large cage (1 m W x 1m D x 0.6m H) containing 6 rats, running wheels, tunnels, 
platforms, and toys (EE). Seven days after the LPS injection all animals were euthanized and 
brain and serum collected. Using a Luminex multiplex assay kit, we observed that several 
cytokines and chemokines were significantly altered in both sera and brain from isolated animals 
in comparison to those in enriched housing. The pattern of change indicated that in isolation led 
to a reduction in the immune response. Cytokines and chemokines that changed in response to 
isolation included G-CSF (sera), IL-1 alpha (sera and brain), IL-1-beta (sera and brain), IL-4 
(sera and brain), IL-6 (sera), IL-10 (sera), IP-10 (sera), INF-gamma (sera and brain). These data 
suggest that older, isolated animals have a less reactive immune response than their more 
enriched counterparts, which could indicate a lowered ability to fight off infections or stave off 
neurological disease that have an immunological component, including Alzheimer’s and 
Parkinson’s disease. 
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Abstract: Progranulin (PGRN) is a growth modulating factor which is known to be related with 
normal brain development and neurodegenerative disorders. In the present study, we compared 
immunoreactivity and distribution of PGRN between the adult and aged gerbil 
hippocampus.Immunoreactivity of PGRN was detected in the all hippocampal sub-regions and 



pyramidal cells in the CA 2/3 region were more darkly stained than those in the CA1 in the both 
groups. However, PGRN immunoreactivity in the aged hippocampus was significantly decreased 
compared to that in the adult group. Double immunofluorescence showed that PGRN-
immunoreactive structures were detected in cytoplasm of NeuN-positive neurons and Iba-1-
positive microglia in the hippocampus of the both groups, but, in the GFAP-positive astrocytes, 
PGRN-positive structures were observed around and in their processes.In conclusion, PGRN 
immunoreaction was detected throughout the all hippocampal sub-regions in both adult and aged 
gerbil. However, marked decrease of PGRN immunoreactivity in the hippocampus was observed 
in the aged gerbil. Therefore, the decrease of PGRN immunoreactivity in the hippocampal 
neurons in aged hippocampus may be associated with age-related changes of hippocampal 
function. 
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buprenorphine in aged versus adult mice 
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Abstract: Background: Postoperative pain management in the elderly is challenging. This 
challenge arises due to the changes in their anatomy, physiology, biochemistry and especially 
wound healing dynamics, which are negatively affected by aging (Benyamin et al., 2008; 
Portenoy et al., 2004). In addition, old age could affect plasticity in the nociceptive pathway. 
These changes in the elderly may alter opioid effects, the main medicine for pain management. 
Therefore, we have investigated whether old age alters opioid-induced postoperative anti-
hypersensitivity. Methods: Postoperative conditions were modeled by plantar incision in mice 
(Pogatzki and Raja, 2003). To evaluate the effects of a mu-opioid (DAMGO) and a partial opioid 



antagonists/agonist (buprenorphine) on postoperative anti-hypersensitivity in adult and aged 
mice, thermal and mechanical nociception was measured using Hargreaves apparatus and 
Dynamic Plantar Aesthesiometer, respectively. Various doses of each drug were administered 
via local (surgical site) or intrathecal (spinal) injections and pain measurements were recorded 30 
minutes and 120 minutes post opioid injection. Results: Locally injected DAMGO and 
buprenorphine had a mild effect on postoperative anti-hypersensitivity in adults and aged mice. 
However, this effect was not peripherally mediated. In contrast, spinal injection of DAMGO and 
buprenorphine showed very robust anti-hypersensitivity in adults and to lesser extend in aged 
mice. Importantly, peripheral and especially spinal DAMGO and buprenorphine-induced 
postoperative anti-hypersensitivity was substantially more effective in adult compared to aged 
mice. Thus, dose-response curves were leftward shifted in adults compared to aged mice. The 
dose-response curve for analgesic effects of buprenorphine was bell-shaped. Finally, 
buprenorphine had a stimulatory side effect in adults, but not in aged mice, that significantly 
affected the locomotor activity of adult mice. Conclusion: Our data indicates that mu-opioids are 
less effective for postoperative anti-hypersensitivity in aged as it is in adult mice. Nevertheless, 
the bell-shaped dose-response curve for buprenorphine analgesic effects and absence of 
stimulatory side effects at analgesic dosages in aged mice could make buprenorphine a better 
candidate for postoperative pain management in the elderly. 
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Abstract: Iron, copper and zinc are important trace nutrients for development and functioning of 
the brain. All three require tight homeostatic regulation and there is evidence for co-regulation in 
various brain regions. Deficiency in each of the metals may have developmental or other 
functional consequences and excess iron and copper, especially, is implicated in 
neurodegeneration. In our work, we are interested in the co-regulation among these metals both 
within and across brain regions. 
Twenty strains of the BXD panel of recombinant inbred mice and their parental strains 
(C57BL/6J and DBA/2J) were analyzed for hippocampal, ventral midbrain and cortex Fe, Cu 
and Zn content. The age of the mice was 60-120 days of age. 
The analysis of Fe, Cu, Zn was performed by X-ray fluorescence spectroscopy (TXRF) using a 
S2 PICOFOX Spectrometer for Trace Analysis (Bruker, AXS Inc., Madison, WI). This gave us 
the Fe, Cu and Zn values which were then normalized to tissue weights (µg/g). Correlational 
analyses including genome mapping were performed using Genenetwork, a public database 
(http://www.genenetwork.org). The results showed that in the ventral midbrain, iron and copper 
and copper and zinc were significantly correlated. In the hippocampus, copper and zinc were 
significantly correlated and in the cortex, none of the metals showed significant associations; 
however latent associations were revealed by principal components analysis of the strain means. 
The data thus show that co-regulation of these trace metals are highly tissue-specific. Moreover, 
we were able to map one quantitative trait locus for the three metals in the ventral midbrain as a 
principal component, on chromosome 12, near the Ighg gene. This gene codes for 
immunoglobulin heavy chain (gamma polypeptide). It is cis-regulated and its expression 
correlates 0.83 with the principal component for the three metals in the ventral midbrain, thus 
making it a candidate gene. We performed similar analyses for hippocampus and cortex and 
while we found suggestive QTL for each, we have yet to identify candidate genes. This will 
require the analysis of more of the BXD strains. 
This work is the first of its kind to reveal interrelationships among Fe, Cu and Zn in brain, using 
a systems genetics/systems biology approach. 
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Abstract: Psychosocial stress (PS) occurs when a non-noxious stimulus (e.g., loss of a loved 
one, solitary confinement) provokes a physiological stress response. PS can have negative 
systemic effects (e.g., elevated immune signaling, sleep loss, cognitive deficits) that are similar 
to those observed in aging. Further, new onset PS becomes more prevalent with aging. Despite 
this, relatively few studies have investigated the relationship between aging and PS. In prior 
work, we demonstrated that aged animals were hyporesponsive to PS, and that both young 
stressed animals and aged animals in general had reduced deep sleep. Because deep sleep loss 
exacerbates immune signaling, worsens cognition, and is lost with age, here we tested a 
pharmacologic deep-sleep promoting intervention on PS in young and aged animals. We 
hypothesized that the deep sleep promoting drug, gaboxadol (GBX), would improve PS 
outcomes in young animals and would generally improve age-related cognitive and sleep activity 
measures. To test this, young (3 mos) and aged (19 mos) male Fischer 344 rats were divided into 
four groups: control vehicle, control GBX, stress vehicle, stress GBX. Restraint (3h/ day, 4 days) 
was used as a model of PS. All animals were trained in the Morris water maze during these four 
days and movement activity was measured in the animals’ home cages throughout. In line with 
previous work, young animals suffered cognitive deficits. Consistent with our hypothesis, PS-
induced deficits in young animal probe trial performance were rescued by GBX, and GBX 
reduced home cage activity in stressed but not control young subjects. Further, as in prior 
studies, aged animals were hyporesponsive to PS, and did not respond to GBX. This work 
suggests that deep-sleep promoting therapies can be effective for combating PS-induced 
cognitive deficits in young, but not aged animals, and further highlight the need to evaluate 
interventions in age-appropriate models. 
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Abstract: While many preclinical models of Alzheimer disease (AD) are reported, none fully 
recapitulates the features of human disease. We sought to determine whether higher order 
species, specifically non-human primates, the vervet African Green Monkey (AGM) or the 
rhesus macacque, could prove to be a more valid and translational model of AD. We analyzed 
the gene expression profiles of the dorsolateral prefrontal cortex and the visual cortex from a 
cohort of AGMs ranging in age from 6-33 years and a cohort of rhesus ranging from 3-33 years. 
We report gene expression changes in aged AGM cortex that were previously published to occur 
selectively in affected brain areas of human AD. These AD-specific changes were not observed 
in the aged rhesus. Additionally, we found changes in inflammatory cytokines and microglial 
genes in both AGM and Rhesus cortex that are consistent with the changes in the aging human 
brain that are accentuated in AD (Podtelezhinikov, A. et al, PLOS One 2011). We further 
evaluated cerebrospinal fluid (CSF) from the AGMs and found increases in total tau, phospho-
tau, and decreases in A-beta42 levels in aged compared to young AGMs, also consistent with 
human AD biomarker changes. These data along with our additional characterization of 
cholinergic-related behavioral deficits in aged AGMs and AD-specific histopathology shown in 
Vardigan et al. and Gentzel et al., respectively, further suggest that the AGMs represent a novel 
and potentially useful translational model of AD. 
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Abstract: There are several key characteristics of Alzheimer’s Disease (AD), perhaps most 
notably loss of cholinergic neurons, A-Beta aggregates (plaques), tau aggregates (tangles), 
cognitive dysfunction, and old age. Of particular value would be a preclinical model that exhibits 
all of these characteristics. Whereas rodent models exist in which many of these features are 
present, the uncertainty of translating pharmacology from rodent to human limits the value of 
these rodent models. Developing a non-human primate model of AD with validity to the human 
disease could dramatically improve the ability to discover novel therapeutics. The African Green 
monkey (AGM) may offer a special opportunity toward this goal. AGM have been shown to 
develop age-dependent A-Beta pathology, and we have recently shown that other biomarkers 
associated with AD are present in these animals (see posters from Cramer et al. and Gentzel et 
al). We therefore hypothesized that AGMs would show an age-dependent deficit on cognition 
tasks and that symptomatic treatments which improve cognition might be efficacious in 
improving cognitive performance in this animal model. To address this hypothesis, we trained 
young and aged AGMs in the Object Retrieval Detour (ORD) task, which is believed to be 
dependent on prefrontal cortex function and is sensitive to cholinergic disruption. We report that 
under vehicle conditions, aged AGM perform significantly poorer than younger monkeys on 
ORD. We also report that drugs which enhance cholinergic function were able to improve this 
deficit in aged AGM. Specifically, the acetylcholinesterase inhibitor donepezil (0.25 and 
0.5mg/kg, IM) and the M1 muscarinic positive allosteric modulator PQCA (1mg/kg IM) 
produced a significant improvement in performance in aged AGM. These results, along with our 
additional characterization of CSF biomarkers, RNA sequencing, and histology shown in Cramer 
et al and Gentzel et al. suggest that the AGMs represent a novel and potentially very important 
model of mild/moderate AD. 
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Title: African Green Monkeys as a Model for Alzheimer’s Disease: Effects of aging on brain 
histopathology 

Authors: *R. C. GENTZEL, B. CONNOLLY, P. MANFRE, J. J. RENGER, P. CRAMER, J. 
USLANER;  
Merck & Co., West Point, PA 

Abstract: Pathological hallmarks of Alzheimer’s disease (AD) include amyloid beta (A-Beta) 
and tau deposits in the brain, known respectively as plaques and tangles. Identification of animal 
models which recapitulate this pathology and the temporal pattern in which it occurs would 
improve the likelihood of identifying a treatment for AD. Non-human primates are attractive 
candidates for such a model due to the ease of translating research findings from higher-order 
species to humans. Given that the African Green Monkey (AGM) has been reported to have an 
age-related increase in A-Beta pathology, here we further characterized the histopathology these 
animals develop with age and compare it to the documented pathology of AD. We acquired a 
cohort of AGM brains, ranging from young to elderly adult, and performed 
immunohistochemistry on coronal sections through the frontal cortex, hippocampus, and 
occipital cortex. We confirmed that plaques increase in the cortex as a function of age. Tangles, 
which typically occur after the formation of plaques in humans with AD, were noted in the 
hippocampus from two old monkeys. Markers of inflammation and gliosis were associated with 
the presence of plaques, and further reflective of AD pathology. Additional work by Cramer et 
al. (see poster) has demonstrated that changes in AGM CSF biomarkers and gene expression are 
similar to that observed in AD patients. Furthermore, Vardigan et al. (see poster) has 
demonstrated that AGMs suffer cognitive decline with age, which can be alleviated with AD 
therapeutics. In totality, these data suggest that AGMs may serve as a novel model of mild-to-
moderate AD. 

Disclosures:   R.C. Gentzel: A. Employment/Salary (full or part-time): Merck & Co. B. 
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Title: Pathological characterization of a novel transgenic rat model of cerebral amyloid 
angiopathy with microhemorrhage 

Authors: *F. XU;  
Neurolog. Surgery, Stony Brook Univ., Stony Brook, NY 

Abstract: Cerebral amyloid angiopathy (CAA) is a prevalent cerebral small vessel disease in the 
elderly that causes cerebral hemorrhage, is a common co-morbidity of Alzheimer’s disease (AD) 
and contributes to vascular cognitive impairment and dementia (VCID). Additionally, familial 
forms of CAA occur due to specific mutations within the amyloid β-protein (Aβ) including 
Dutch E22Q and Iowa D23N. Although much work has been performed previously to study 
CAA using various human AβPP transgenic mice these investigations have been somewhat 
limited with this species. On the other hand, rats provide a more advantageous species to model 
human cerebral disease due to their closer link to humans, larger brain size, higher white matter 
volume and more sophisticated cognitive testing. Here, we present the generation and 
pathological characterization of a novel transgenic rat to model human CAA. The rats, 
designated rTg-SwDI, were designed to express human AβPP and produce familial Dutch/Iowa 
CAA mutant Aβ in brain. rTg-SwDI rats develop progressive and extensive small vessel CAA 
starting at about 3 months of age in the cortex, thalamus and hippocampus. As rTg-SwDI rats 
age to 12 months they develop many of the pathological features of human CAA including 
dilated perivascular spaces, microinfarcts and numerous microbleeds that can be detected by 
both histological staining and MR imaging. Progressive small vessel disease in rTg-SwDI rats is 
accompanied by deteriorated cognitive performance. Our findings indicate that the novel rTg-
SwDI rats provide an exciting and improved model for studying CAA and its contribution to 
VCID. 
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Title: Assessing cognitive dysfunction, neuroinflammation and degeneration following an 
endothelin-1 induced stroke injury in an APP transgenic rat 

Authors: *A. M. REGIS1, L. WANG1, B. ALLMAN1, V. HACHINSKI2, S. N. WHITEHEAD1;  
1Anat. & Cell Biol., 2Clin. Neurolog. Sci., Western Univ., London, ON, Canada 

Abstract: It is estimated that by age 60, one in three individuals will develop Alzheimer’s 
disease (AD), suffer a stroke, or experience both. While traditionally regarded and treated as 
distinct conditions, the roles of Alzheimer's disease (AD) and stroke as interacting ailments has 
attracted interest, though a conclusive pathophysiological link has yet to be determined. 
Using an in vivo rat model, it is hypothesized that following ischemic stroke, a transgenic rat 
model carrying human amyloid precursor protein (APP) mutations will display enhanced stroke-
related pathology, heightened neuroinflammation, and more severe cognitive decline. 
To model AD pathology, our study uses a genetically engineered rat model exhibiting mutations 
in APP; this model overproduces the human pathogenic protein attributable in AD called 
amyloid-β. To model an ischemic stroke injury, a unilateral striatal injection of endothelin-1, a 
potent vasoconstrictor, is utilized. 
The proposed models are studied both in combination as well as singularly over a period of four 
months post-Endothelin-1 injury. A variety of behavioural tests will be used to determine any 
apparent cognitive and motor deficits, including Attentional Set-Shifting, Novel Object 
Recognition, Exploratory behavior analyses, as well as analyses of gait and limb co-ordination. 
Histological analytical methods will be used to determine any mechanistic changes at the cellular 
level in our injured animals. These strategies will help us better understand how stroke and AD 
manifest themselves in combination throughout the disease processes. 
Preliminary results from our laboratory using rat models suggest that in the presence of amyloid 
deposition, facets of stroke including infarct size and the degree of neuroinflammation are 
heightened. These pathological effects are shown to be translated into behavioural deterioration 
in rodent models of AD and stroke. However, further studies are required to truly understand the 
interactions between amyloid toxicity, ischemic stroke damage, and neuroinflammation. 
Upon defining the specific pathological mechanisms, use of therapeutic intervention may be 
employed. Overall, with a better understanding of the mechanistic roles of stoke and AD 
pathology on resultant cognitive impairment, it may be possible to employ strategies in rodents 
to minimize post-stroke cognitive burden; interventions that may become a translational strategy 
in humans who are susceptible to stroke and Alzheimer’s disease related cognitive impairment. 
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Title: Impairments of working memory in 5XFAD mice 

Authors: *J.-S. HAN1, H.-A. KIM1, W. JEON2,3;  
1Konkuk Univ., Seoul, Korea, Republic of; 2Korea Inst. of Oriental Med., Daejeon, Korea, 
Republic of; 3Korea Inst. of Sci. and Technol., Seoul, Korea, Republic of 

Abstract: Alzheimer’s disease (AD) is the most prevalent neurodegenerative disorder. Early 
diagnosis and treatment of AD is critical for delaying its progression, but early detection of AD 
has not been successful. In order to provide a research platform of animal model for early 
detection of AD, the present study was conducted to examine cognitive impairments and 
neuropathological characteristics of 4 months old 5X familial AD (5XFAD) transgenic mice, 
because, at 6 months of age, cognitive impairments and neuropathological characteristics are 
clearly observed in 5XFAD mice. Capacity of working memory was measured in 5XFAD 
transgenic mice, using novel object recognition task. Novel object recognition task was 
performed at various intervals (10 min, 1 h, 4 h, and 24 h) to measure retention of recognition 
memory. Because early or mild AD patients show impairments in delayed recall, it is expected 
that 5XFAD mice would show worse performances at the intermediate retention intervals than 
non-Tg control mice. Consistent with our expectation, the investigation ratio of 5XFAD mice 
was significantly lower than those of non-Tg control mice at 4 h interval (Mann-Whitney U test, 
p < 0.05). The results indicate that the capacity of working memory was impaired in 5XFAD 
mice. In addition, accumulation of amyloid β 42 was measured in the brain structures responsible 
for working memory, using the immunohistochemistry. These findings indicate that cognitive 
impairments and neuropathological characteristics of 4 months old 5XFAD mice would provide 
a research platform for studying early diagnosis and treatment of AD. Supported by the National 
Research Council of Science & Technology (NST) grant by the Korean government (MSIP) (No. 
G15120 and CRC-15-04-KIST). 
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Title: Retinal function and structure analyses in transgenic APPswe/PS1ΔE9 mice, a model for 
Alzheimer’s disease 

Authors: *S. M. JOLY, S. LAMOUREUX, V. PERNET;  
Ophthalmology, Ctr. De Recherche Chuq/Université Laval, Quebec, QC, Canada 

Abstract: In this study, the structure and function of the retina were studied in APPswe/PS1ΔE9 
transgenic mice, a well-accepted experimental model for Alzheimer’s disease (AD). Ocular 
manifestations of the disease in this model are controversial. Previous studies reported amyloid 
beta (Aβ) plaque formation in the retina and visual function deterioration by electroretinogram 
(ERG) recordings in APPswe/PS1ΔE9 mice. However, other laboratories failed to detect AD-
associated defects. We thus sought to determine if 5.5-6-month old APPswe/PS1ΔE9 mice 
(C57BL/6 background) presented signs of cellular degeneration and visual alterations. The 
expression of amyloid-derived peptides/Aβ was monitored by immunofluorescence in 
cryosections and by Western blotting in retinal lysates. To follow RGC survival by 
immunofluorescence, retinae were stained for RNA-binding protein with multiple splicing 
(RBPMS), osteopontin and melanopsin. Cones and rod bipolar cells were respectively labelled 
with peanut agglutinin (PNA), and antibodies recognizing opsins and PKCα. To study the retinal 
function, ERG recordings were carried out in photopic and scotopic conditions. Our results 
showed that amyloid/Aβ was elevated in retinal ganglion cells and in the inner nuclear layer of 
APPswe/PS1ΔE9 compared with wild-type animals (WT). Interestingly, amyloid/Aβ 
immunoreactivity was especially high in OPN-positive RGCs. At this age, no amyloid plaque 
could be observed (n=4 mice/group). Western blot analysis revealed a higher amount of the 
alpha C-term fragment than that of beta C-term fragment in APPswe/PS1ΔE9 samples. The 
number of RBPMS-labelled RGCs/section did not significantly differ between WT (278.6±7.4 
RGCs, mean±SEM, n=4) and APPswe/PS1ΔE9 (287.3±8.0 RGCs, n=4) mice. The number of 
OPN-expressing RGCs was also similar between WT (17.8±1.8, RGCs, n=4) and 
APPswe/PS1ΔE9 (17.7±1.3 RGCs, n=4) mice. The number of M-cones was not changed in 
APPswe/PS1ΔE9 (648.2±26.1 cells, n=4) relative to WT (614.0±17.0 cells, n=4) eyes. PNA and 
PKCα staining did not show obvious change in APPswe/PS1ΔE9 outer retinae. The analysis of 
scotopic and photopic ERGs show no significant variation in a- and b-wave amplitudes in WT 



(n=6) compared with APPswe/PS1ΔE9 (n=5) littermates. In summary, the expression of human 
amyloid peptides in RGC and inner nuclear layers of APPswe/PS1ΔE9 retinae do not cause 
cellular or functional alteration at 5.5-6 months of age. Additional experiments in older 
APPswe/PS1ΔE9 mice will be required to determine if retinal physiology impairments arise 
during aging. 
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Abstract: Alzheimer’s disease (AD) is characterized by progressive neuropathological changes 
and decline in cognitive function. To study the consequences of Aβ oligomer-induced 
synaptotoxicity on cognitive function, and the efficacy of novel treatments to revert these effects, 
it is key to develop robust cognitive tests in mice. Here we describe the novel 1-night 
CognitionWall discrimination learning task, which measures cognitive function in mice in an 
automated home-cage. In this task, which executes without any human intervention, mice obtain 
their food by passing through one of three entrances in a wall placed in front of a reward 
dispenser. Transgenic APP/PS1 mice overproducing Aβ oligomers were significantly slower at 
reaching the learning criterion, not only around the age at which amyloid plaques start to be 
visible (26 - 30 weeks of age), but also long before plaque formation at 16 weeks of age. 
Moreover, the same behavioral deficit could repeatedly be observed in the same cohort tested at 
17, 18 and 19 weeks of age. Several proof-of-concept interventions, including BACE1 inhibition 
(LY2886721), Memantine and Donepezil were used with the aim to pharmacologically validate 
this task. Thus, in contrast to tests such as the Morris Water Maze, which are performed once at 
the endpoint of an experiment (cross-sectional between-subject design), we can now 
longitudinally (within-subject) measure cognitive function in a single cohort of mice. Thus, the 
CognitionWall discrimination learning task enables longitudinal within-subject testing of AD 



mouse models, it strongly reduces the number of mice required for cognitive testing in 
comparison to current cross-sectional studies, it is fast, and most importantly, it provides a more 
accurate and sensitive assessment of treatment effects in these models. 
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Abstract: The prevalence of Alzheimer’s Disease, a neurodegenerative disease characterized by 
the pathological hallmarks of amyloid beta (Aβ) plaques and neurofibrillary tangles, is increasing 
while its causes are unknown (2013 Alzheimer's Disease Facts and Figures, 2013; Hochstrasser 
et al., 2013). Interestingly, stress has been found to exacerbate Aβ production in transgenic 
mouse models of the Alzheimer’s (Devi et al., 2010; Lee et al., 2009). We hypothesized that a 
social stressor, isolation stress, would exacerbate amyloid beta production in 5xFAD+ transgenic 
mice in comparison to group-housed control animals and 5xFAD- mice. Further, it was 
hypothesized that isolated, 5xFAD+ animals would perform worse in contextual fear 
conditioning, a hippocampus-dependent memory task, than group housed, 5xFAD+ or isolated 
5xFAD- animals. After extended isolation or group housing, animals underwent contextual fear 
conditioning, following which freezing behavior was monitored during testing 24 hours later. 
Twenty four hours after testing, animals were perfused and a hemisphere was collected for 
sectioning and staining for plaques, while the hippocampus was removed from the other 
hemisphere and Aβ was quantified by an Aβx-42 ELISA. The hypothesized results include 
significant elevations in Aβ and plaques for the isolated, 5xFAD+ animals over the group 



housed, 5xFAD+ animals, both of which are significantly elevated from the isolated and group 
housed 5xFAD- animals. This study may help provide insight into factors that contribute to 
Alzheimer’s, critical research when the prevalence of the disease is increasing and its causes are 
not yet known. Future research will explore ways to rescue these deficits. 
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Abstract: Accumulating evidence emphasizes the importance of neurovascular dysfunction in 
Alzheimer´s Disease (AD). Alterations in brain vasculature morphology and function have been 
reported to correlate with the progression of AD. Among these changes are microvascular 
atrophy, changes in blood vessel density and decreased clearance of beta-amyloid resulting in 
cerebral amyloid angiopathy (CAA). The astrocytic water channel aquaporin-4 has been shown 
to be vitally involved in the latter process. 
Transgenic mouse models are frequently used to analyze the efficiency of new test compounds 
against AD und should thus mimic the disease as closely as possible. The present study aimed at 
investigating progressive vascular changes in the transgenic 5xFAD mouse model of AD by 
labeling 5xFAD brain tissue using antibodies directed against beta-amyloid, collagen IV as a 
marker for blood vessels, and aquaporin-4. The quantification of beta-amyloid over age showed 
increased levels in the hippocampus and cortex of transgenic 5xFAD mice compared to control 
littermates. This effect was first detected in 3 month old animals and became more pronounced 
with age. The analysis of CAA over age showed a similar progression. Furthermore, analysis of 
aquaporin-4 revealed that vascular-related aquaporin-4 decreased over age while parenchymal 
aquaporin-4 increased over age. Together, our data indicate that 5xFAD mice represent a 
valuable tool for studying various aspects of blood vessel dysfunction in an established AD 
mouse model. 
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Abstract: Alzheimer’s disease (AD) is the most common neurodegenerative disease and 
characterized by the deposition of extracellular amyloid plaques and intracellular neurofibrillary 
tangles. Although extensive research was performed for decades, the exact mechanisms and 
pathological causes of the disease still remain unknown. In order to perform comprehensive and 
integrative characterization of AD brain, assessment of global proteomic dynamics is required. 
We performed hippocampal proteome analysis to compare differentially expressed proteins in 
wild-type and 5XFAD model mice by label-free LC-MS. To reveal the relation between 
proteome changes and progression of amyloid plaques deposition in hippocampus, the 
hippocampal proteome was identified in age-dependent manner. 9,313 total proteins and 1411 
differentially expressed proteins (DEP) were identified in 5 and 10-month-old wild-type and 
5XFAD mice. To explore the altered biological pathway in AD mouse model, the functional and 
pathway-based analyses of DEP were performed by bioinformatics analysis. Using 
immunohistochemistry and western blot analysis, we validated novel hippocampal proteins 
specifically regulated in 5 and 10-month-old 5XFAD mouse model. Therefore, quantitative 
proteome identification of 5XFAD model mice is able to provide meaningful data to predict real 
biological alterations in AD and suggest novel protein biomarkers. 

Disclosures:  D. Kim: None. J. Woo: None. D. Han: None. J. Park: None. Y. Kim: None. I. 
Mook-Jung: None. 



Poster 

599. Alzheimer's Disease: Models 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 599.12/O14 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Title: Spatial learning and memory performance in two APP21-overexpressing transgenic rat 
models of Alzheimer's disease 
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Abstract: Alzheimer’s disease is a progressive neurodegenerative disorder that results in 
synaptic and neuronal loss in regions of the brain responsible for memory and cognition. To date, 
transgenic animal models have played a crucial role in our understanding of the underlying 
mechanisms of the disease. In this study, spatial memory performance in the Barnes maze was 
assessed in two strains of transgenic female rats that overexpress human beta amyloid precursor 
protein (APP21). Female rats aged 12-14 months received nine 3-min acquisition trials over the 
course of three days, after which 14-day retention was evaluated, and subsequently followed by 
three days of reversal training trials. The number of nose-poke errors made and latency to enter 
the target hole were recorded. There were significant group differences in performance during all 
three phases of Barnes maze training. It was found that both singly transgenic APP21 rats and 
APP21 rats with an additional presenilin 1 transgene (APP21+PS1) made significantly more 
errors than control Fischer rats during acquisition and reversal training. During the retention 
interval test, doubly transgenic APP21+PS1 rats made significantly more errors than both the 
control Fischer and the singly transgenic rats. These results suggest an overall spatial memory 
deficit in the transgenic rats and a larger spatial memory deficit in the doubly transgenic 
APP21+PS1 rats than the singly transgenic APP21 rats. 
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Abstract: Emotional symptoms, as well as cognitive symptoms, have been found commonly in 
patients with Mild cognitive impairment (MCI) and Alzheimer’s disease (AD). Although 
cognitive deficits such as memory impairments are considered as typical symptoms of AD, 
emotional or neuropsychiatric symptoms are often more difficult to manage, since those 
symptoms can be distress and burden to their caregivers. It is well known that the patients 
usually showed emotional alterations, for example, depression, irritability, and agitation. In 
addition to those symptoms, a few researches recently suggested that they also showed high level 
of ‘emotional contagion’, the ability to mimic another person’s emotion unconsciously. 
However, the causal mechanism of the heightened emotional contagion in AD patients is still 
unclear. 
As emotional contagion is the primitive form of cognitive empathy, it presents not only in human 
beings but also in rodents. Here, we carried out ‘observational fear conditioning (OFC)’, a 
method that can measure the level of emotional contagion in mouse model of AD to see whether 
they have changes in emotional contagion. Local field potential (LFP) in anterior cingulate 
cortex (ACC), anterior insular (AI), basolateral amygdala (BLA), and retrosplenial cortex (RSC) 
of the mouse brain were recorded simultaneously during the behavior and the resting state. In 
line with the human AD patient results, the disease model mice also showed significantly higher 
freezing level, which is indicating the heightened emotional contagion, compared to the 
littermate normal mice when they reached at the age of full symptom manifestation. Moreover, 
ACC in AD mice displayed significantly higher theta wave synchrony with BLA and AI, when 
the mice observed the suffering of others. 
Thus, this study demonstrated that the heighted emotional contagion, which was reported in 
human AD patients, was observed in AD mouse model as well. Furthermore, the behavioral 
alteration had a causal relationship with neuronal synchrony within ACC, BLA and AI, which 
are the regions included in the salience network in the case of human brain. These results 
suggested a possible explanation how and why the patients with AD were easily influenced by 
the caregiver’s emotional state in terms of the specific brain region network connectivity. 
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Title: Longitudinal In vivo tracking of neurovascular function in a mouse model of Alzheimers 
disease 
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Abstract: Neural activity is closely followed by a localised change in cerebral blood flow, a 
process termed neurovascular coupling. Accumulating evidence indicates that impaired 
neurovascular coupling may be an early pathogenic factor in Alzheimer’s disease (AD), which 
could also serve as a perfusion-based imaging biomarker of cerebral pathology. However, there 
are a lack of studies examining the evolution of neurovascular dysfunction in mouse models of 
AD. This may be due to the challenges of controlling physiological parameters in mice and 
profound effects of anesthetics on vascular physiology. Our previous work has established an 
anesthetic regime that produces hemodynamic responses comparable to those in the awake 
mouse. In the present study, our aim was to adapt this protocol for use as a chronic anesthetized 
preparation and determine the onset and evolution of neurovascular alterations in a transgenic 
mouse model of AD (hAPP-J20). In addition to evoked hemodynamics, we also investigated the 
potential emergence and/or attenuation of low frequency hemodynamic oscillations (0.1 Hz, 
‘vasomotion’), which have been linked to pathophysiological conditions and could act as a 
disease biomarker. To visualise cerebral vasculature, mice were equipped with a cranial window 
and a head plate for fixation. We used optical imaging spectroscopy (OIS) to produce functional 
maps of changes in tissue oxygenation and cerebral blood volume in response to whisker 
stimulation. In addition, concurrent multi-depth electrophysiology and OIS was used to examine 
the relationship between neural activity and a range of hemodynamic responses. Spontaneous 
and evoked hemodynamics were measured every month between 3 and 12 months, which 
precedes the impact of vascular amyloid deposition on vessel reactivity. Our findings 
demonstrate the reliability of our chronic anesthetized preparation showing highly reproducible 
responses in the same animal over 3 months, at which time acute neural/OIS experiments were 
conducted. Contrary to previous reports, hAPP-J20 mice did not exhibit reductions in responses 
compared to controls during the first 12 months. Furthermore, vascular dynamics were also 
largely unchanged, however, by 9 months a larger post-stimulation undershoot emerged in 



hAPP-J20 mice as a result of a rapid return to baseline. Fourier frequency analysis of 
spontaneous hemodynamic data, also indicated impaired ‘vasomotion’ in hAPP-J20 mice. Our 
initial findings suggest that cerebrovascular dysfunction is closely linked to vascular amyloid 
deposition. We will present further data exploring this possibility and include analysis of neural 
activity in hAPP-J20 and control mice. 
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Abstract: Two of the key neuropathologies associated with Alzheimer’s disease are the 
formation of amyloid beta plaques and neurofibrillary tangles. Much research has been devoted 
to studying the formation of these key pathologies within human and animal models, including 
the generation of transgenic mice which overexpress the amyloid precursor protein or the tau 
protein. From these animal models, it has been shown that the extracellular matrix (ECM) may 
play a role in the fibrillogenesis of amyloid fibres, and that plaque deposition is detrimental to 
physiochemical properties of the ECM. 
Three dimensional cell culture systems are able to offer a bridge between traditional two 
dimensional cell culture and animal models. Such a 3D system offers advantages from both 
techniques, including the high throughput associated with monolayer cell culture whilst 
maintaining conditions which mimic the in vivo environment found in animal models. Currently, 
the most common choice for creating three dimensional cell culture models is MatriGel, however 
it suffers from batch-to-batch variability, the presence of xenogenic components and 
heterogeneity. Clearly, a more reproducible, homogenous candidate is required for future 3D cell 
culture studies. 
In this work, a series of short peptides (2-6 amino acids) bearing bulky aromatic groups at their 



N-terminus have been synthesised. Upon treatment with cell culture media such as Dulbecco’s 
Modified Eagle Medium (DMEM) or NeuroBasal, these peptides self-assemble into hydrogel 
networks composed of uniform, cross-linked fibres in the same manner as the extracellular 
matrix. Through the selection of amino acid sequence and capping group, the physical and 
chemical properties of these ECM mimics can be tuned, allowing the effect of parameters such 
as stiffness, mesh size and fibre charge on the growth of neural networks to be investigated. 
As such, a series of these ECM mimics have been used as three dimensional cell cultures for 
primary neuronal cells. The presence of the fibronectin sequence arginine-glycine-aspartic acid (-
RGD) results in increased adhesion of neuronal cells to these synthetic ECM materials, with 
neuronal development comparable to that observed in poly-D-lysine controls. Thus it can be 
shown that these homogenous, reproducible hydrogel networks comprised of short peptides are 
able to support neuronal development. In the future, primary neuronal cells derived from 
transgenic mice will be cultured within these 3D systems, with the aim of concurrently 
recapitulating key amyloid and tau pathologies in a tuneable extracellular matrix mimic. 
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Abstract: This study examines the effect of dietary copper (Cu) and zinc (Zn) on spatial 
learning/memory and social preference in a mouse model of late onset Alzheimer’s disease 
(AD). Previous research has indicated that excess dietary Zn may cause behavioral impairments 
through an induced Cu deficiency. Using a mildly Cu deficient hard diet, we initially tested this 
theory in an early onset model of AD, which suggested instead that 1.) the effects of Cu and Zn 
may differ in the brain regions controlling different behaviors, and that 2.) the effect of excess Zn 
may not be entirely due to an induced Cu deficiency. 
To examine the effects of the dietary manipulations in a late onset model, we crossed male hAPP 



transgenic (Tg) mice with homozygous ApoE4 females. We are particularly interested in the E4 
allele of the APOE gene, as it constitutes a high risk factor for development of AD, with some 
evidence showing that it may be protective early on. Six groups are being tested for spatial 
learning/memory (Morris water maze (MWM)) and social preference (3-chamber apparatus) at 6 
and 12 months of age (wildtype (Wt) and Tg mice on (a.) lab water + Cu control diet, (b.) lab 
water + Cu deficient diet, or (c.) Zn-enhanced water + Cu control diet). These time points were 
chosen to identify longitudinal changes in behavior, allowing for identification of the potentially 
protective effects of the E4 allele and dietary interactions in early and late stages of AD. Open 
field (OF) and odor habituation/dishabituation (OHD) are being assessed as controls for the 
social behavior task (locomotor activity and odor sensitivity respectively). 
Data at 6 months suggests early spatial learning/memory deficits but intact social preference in 
AD mice. AD mice showed significantly longer latencies than Wt’s in the MWM (p<.001), but 
display normal preferences for social interaction in the 3-chamber test. Twelve-month data will 
be collected between July-November 2016 and will also be presented. 

Disclosures:  S.N. Howell: None. K.N. Boggs: None. T.P. Iobst: None. J.M. Flinn: None. 

Poster 

599. Alzheimer's Disease: Models 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 599.17/P1 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: CIHR 394515 

Title: Tracking of disease progression In vivo in a Primate Model fo Alzheimer's Disease 

Authors: *R. G. WITHER1, S. E. BOEHNKE1, A. LABLANS1, B. C. COE1, J. Y. NASHED1, 
D. J. COOK1, F. G. DE FELICE2, D. P. MUNOZ1;  
1Ctr. for Neurosci. Studies, Queen's Univ., Kingston, ON, Canada; 2Inst. of Med. Biochem. 
Leopoldo de Meis, Rio De Janeiro, Brazil 

Abstract: Alzheimer’s disease (AD) is a devastating neurodegenerative disease and there is an 
urgent need to develop new therapeutics. Promising drugs developed in rodents have failed to 
work in AD patients in clinical trials. To bridge this translational gap, our laboratory has 
developed a non-human primate (NHP) model of AD via intracerebroventricular (icv) injection 
of neurotoxic amyloid beta oligomers (AβOs). This model recapitulates the molecular aspects of 
human AD pathology, such as tau hyperphosphorylation coupled with tangle formation, synaptic 
loss, and astrocytic activation (Forny-Germano et al., J.Neurosci, 2014). Here, we present results 



from a pilot study tracking disease progression in vivo in male rhesus macaques given large icv 
injections of AβOs (100-400µg) every 4-6 weeks over 12-18 months. During a baseline period 
and across the months of injections we regularly tracked behavioural, neuroimaging and 
cerebrospinal fluid (CSF) and blood biomarkers. To track behavior we measured cage activity 
using a 3-d accelerometer activity tracker on the animal’s collar and 24/7 video. To measure 
cognition we used a cage-side touch-screen device which implemented visuo-spatial tasks from 
the CANTAB AD battery (Monkey CANTAB, Lafayette). To track synaptic degradation we 
conducted functional magnetic resonance imaging and analyzed resting state functional 
connectivity. To track molecular biomarkers in the CSF we conducted lumbar punctures and 
used ELISA and Luminex platforms to quantify levels of Aβ1-40, Aβ1-42, total Tau, pTau and 
panels of cytokines. To track blood biomarkers, blood samples were analyzed regularly with 
glucose metabolism measured. Using the CANTAB apparatus, we observed spatial working 
memory deficits on the self-ordered spatial search task, and the inability to learn new tasks 
(delayed match to sample and paired associates learning) following AβO injections. In addition 
to learning and memory deficits, overall home-cage activity was diminished as assessed using 
24/7 activity and video monitoring. Reductions in resting-state functional connectivity were 
observed among memory-related areas including the frontal cortex and hippocampus. Changes in 
Aβ with injections could be tracked in the CSF, along with an increase in pTau. The long-term 
goal is to relate these in vivo metrics to each animal’s post-mortem brain pathology. Overall, we 
validate a viable platform by which to evaluate development of AD in primates, which could 
easily be translated to track disease in other primate models. 
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Abstract: Frontotemporal dementia (FTD) is the second most common neurodegenerative 
dementing disorder and is characterized by impairments in behavior, language, and planning. 



Loss of function mutations in the progranulin gene (GRN) are a cause of FTD. Several mouse 
models of progranulin (PGRN) deficiency have been generated by knocking out the Grn gene. 
Heterozygous mice, which produce approximately half the normal levels of PGRN, have been 
reported to exhibit a minimal phenotype at the molecular and pathological level. By comparison, 
knockout mice consistently show microgliosis, accumulation of lipofuscin, and altered 
expression of lysosomal proteins. Whether restoration of progranulin can arrest the progression 
of these phenotypes has not been examined. 
We have generated a conditional knockin mouse model of PGRN deficiency. A stop sequence 
flanked by loxP sites was inserted into exon 1 of the mouse GRN genomic locus. Untreated, 
these mice produce no detectable PGRN in the brain. When crossed into a mouse line expressing 
a constitutively active CRE, progranulin levels are equal to WT. Ongoing experiments are 
exploring the use of stereotaxically injecting AAV-CRE to restore PGRN in discreet brain 
regions. Crossing the knockin mice to a CreESR1 line, should enable tamoxifen inducible 
excision of the stop sequence and reactivation of PGRN expression. 
A second conditional knockin mouse was also developed that contains a mKate2 fluorescent tag 
between the signal peptide and GRNP, at the n-terminus of PGRN. The long wavelength red may 
prove useful in tracking the expression and distribution of mKate2-PGRN both in vitro and in 
vivo. Both lines are expected to be valuable tools in understanding the potential for therapeutics 
designed to restore PGRN to slow or reverse disease progression. 
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Abstract: A significant hurdle in Alzheimer’s disease (AD) research is the lack of translationally 
relevant models of disease with phenotypes similar to the pathologies found in diseased human 
brain. The relevance of preclinical animal models of Alzheimer’s-like pathology is poorly 
understood and often relies on genetic mutations found in a small percentage of human AD 
cases. On the other hand, cellular models of AD are typically not thought to capture complex 
long term disease processes. We sought to determine what acute aspects of AD pathophysiology 
are represented in HEK293 cells overexpressing wild type or a proaggregating form of the 
human tau protein under control of a doxycycline inducible promoter that does not contain 
frontotemporal dementia mutations. In this system, tau aggregates are observed when pro-
aggregating, but not wildtype, tau expression is induced. We generated genome-wide 
transcriptome profiles by next generation sequencing from these cells after 0, 24, or 48 hours of 
doxycycline induction. Significant transcriptional changes were observed in the pro-aggregating 
tau cell line which were distinct from those observed under conditions of overexpression of wild-
type human tau. These results were compared to transcriptional modules correlating with normal 
aging and/or AD disease onset and progression in human brain tissue samples to determine 
whether any changes associated with the human disease were present in either cellular model. 
The presence of tau pathology in the pro-aggregating cell model recapitulated several 
transcriptional signatures observed in human brain tissue, whereas the wild-type tau cell line did 
not. These results suggest that even in the absence of the multiple cell types and chronic disease 
characterizing human AD, this acute cellular model of tau pathology can engage many similar 
cellular processes that are altered in the diseased human brain. Notably, gene expression 
signatures driven by changing cell type populations in AD, such as increased numbers of 
microglia, were not observed in the HEK model. These studies highlight the utility of 
transcriptional profiling in determining relevance of preclinical models and their utility for 
focusing on specific aspects of disease pathophysiology. 
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Title: Conditional ablation of Tau in the adult brain leads to anxious and depressive pathology 
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Abstract: The microtubule associated protein Tau is suggested to be involved in many cellular 
processes such as microtubule stability, axonal transport while recent evidence suggests a role 
for Tau in synaptic signaling and plasticity. However, the in vivo significance of these Tau 
actions remains uncertain as conventional Tau knock-out Tau-KO) models don’t exhibit the 
expected deficits. Overcoming the compensation mechanisms that are suggested to be involved 
in conventional Tau-KO models masking the real contribution of Tau protein in neuronal and 
brain function, we created a novel model based in a LoxP/Cre-recombinase system offering a 
conditional and inducible approach for studying Tau role in neuronal function and brain circuits. 
After an extensive characterization of the model, we demonstrate that induction of Tau deletion 
at 4 months old animals lead to an anxious and depressive phenotype without memory 
impairments. Further analysis correlates the above behavioral phenotype with morphological 
alterations in neurons of the prefrontal cortex (PFC) and amygdala (Amy) and 
electrophysioligcal coherence pointing towards an important involvement of Tau in amygdala-
PFC circuitry. Moreover, current molecular analysis provides novel insights about the role of 
Tau in dendritic and synaptic signaling. Altogether, the loss of Tau and its function has a clear 
pathological impact on both neuronal structure and function in adult brain offering a new 
window of research that will add to our limited knowledge about the real function(s) of Tau in 
adult brain circuits. 
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Abstract: Decreased ability of olfaction is measured prevalently in several neurodegenerative 
disease including Alzheimer’s disease (AD). Olfactory system has a spatially conserved map 
depending on axon guidance when they transduce odor information. Although various attempts 
to define relationship which exists between olfactory circuit and AD, it has not been still fully 
understood how AD pathogenesis influences on abnormal behavior in olfaction. In order to 
provide direct correlation between olfactory dysfunction and AD, transgenic mice, Tg6799 were 
applied. Using immunohistochemistry, we demonstrated that loss of dopaminergic neurons in 
periglomerular cell by decreasing tyrosine hydroxylase and accumulation of oligomerized-
amyloid beta and beta-secretases was increased in the ventral region of the olfactory bulb, as 
well as in the ecto-turbinate of olfactory epithelium. The immunostaining of cleaved-caspase 3 
showed increase in neuronal death in the olfactory system. Next, we tried to reveal functions of 
the distinct odorant pathway which regions were damaged in the progress of AD. Results from 
real-time PCR showed decreases in expression of odorant receptors located in damaged regions. 
Moreover, behavioral assay demonstrated that the Tg mice lacked the response to several 
odorants combining with reduced receptor expression as well as behavior responses. Our results 
suggest that abnormal variation in the olfactory responses during AD progression may lead 
alternation of odor recognition pattern, as a consequence may show distinct behaviors upon 
odorant stimulation. Acknowledgements: This work was supported by the National Research 
Foundation of Korean (NRF-2015M3A9E2028884). 
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Abstract: Neurodegenerative diseases are a growing concern in our aging population. 
Alzheimer’s disease (AD) is the sixth leading cause of death in the United States where it is 
estimated that one in three seniors dies with Alzheimer’s or another dementia. Are modern 
lifestyle habits a contributing factor? Increased carbohydrate (sugar) consumption, stress and 
disruption of sleep patterns are quickly becoming the norm rather than the exception. Stress and 
high carbohydrate diets appear to be escalating diabetes and dementia cases (Alzheimer’s disease 
is increasingly referred to as type-3 diabetes; diabetes of the brain). Interestingly, seven months 
on a very simple non-invasive high sucrose diet (20% sucrose in the drinking water) has been 
shown to induce behavioral, mitochondrial/metabolic and pathological changes consistent with 
AD in wild-type mice. As chronic stress and depression are associated with loss of locus 
coeruleus (LC) neurons and projections (source of anti-inflammatory and trophic factor control), 
we assessed the ability for a selective LC neurotoxin (DSP4) to accelerate and aggravate a high-
sucrose mediated AD-like phenotype in wild-type mice. Male C57/Bl6 mice were divided into 
four groups consisting of mice that were 1) saline injected, 2) DSP4 injected, 3) given high 
sucrose drinking water (20%) or 4) DSP4 injected and given high sucrose drinking water. 
Behavioral studies at 3 months indicate that while a chronic high sucrose diet increases 
immobility in the forced swim test and DSP4 reduces thigmotaxis and freezing behavior in the 
open field test, a high sucrose diet or combined DSP4/high sucrose diet are sufficient to reduce 
memory in a modified Y-maze task; indicating cognitive deficits are already present 3 months 
after initiating treatments. The decrease in cognitive performance is consistent with an observed 
increase in hemibrain acetylcholinesterase activity. The process of developing a simple model in 
wild-type mice will highlight environmental and societal factors that need to be addressed to 
slow, prevent or even reverse the rising trend in national dementia patient numbers and costs. 
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Abstract: Alzheimer’s disease (AD) is associated with progressive memory impairment, 
cognitive dysfunction and a deficit in sleep maintenance. The incidence of unprovoked seizures 
is also higher in AD patients than in reference populations. These seemingly disparate symptoms 
of AD all have in common the fact that they are regulated by activity in the corticothalamic 
network. Transgenic mice that express human amyloid precursor protein (APP) carrying 
mutations linked to AD also exhibit all of these symptoms. We recently identified robust 
alterations in activity in the corticothalamic network in APP mice, suggesting that indeed, 
dysfunction in this network may be a common denominator underlying many aspects of AD 
pathophysiology. We found that much of the dysfunction in the corticothalamic network of APP 
mice appears to be downstream of a marked reduction of activity in the reticular thalamic 
nucleus (nRT). Such reduction was associated with impairments in sleep maintenance, deficits in 
hippocampal spatial memory, and seizures. We therefore hypothesized that restoration of activity 
in nRT might be a therapeutic strategy to improve cognition and behavior as well as reduce 
seizure incidence in APP mice. To do so, we are expressing Gq coupled hM3D (DREADD) 
receptors in nRT in both wild-type and APP mice, and then treating the mice with clozapine-n-
oxide (CNO) to specifically activate DREADD-expressing nRT neurons. We demonstrate that an 
AAV-hM3Dq vector stereotaxically targeted to nRT reliably expresses throughout the extent of 
nRT. Moreover, administration of CNO to wildtype mice expressing DREADDs in nRT results 
in alterations in sleep maintenance, as predicted. Dose dependent responses will be evaluated in 
both wildtype and APP mice to study the effect on neuronal activity and sleep behavior, as well 
as seizures. These studies will determine whether selectively targeting the corticothalamic 
network might be an effective therapeutic strategy to reduce seizures and improve cognition and 
behavior in APP mice and possibly also in AD patients. 
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Abstract: Most studies concerning mouse models of Alzheimer’s disease (AD) focus on early 
onset AD (EOAD) due the genetic nature of the disease. These early onset cases, only account 
for 1-5% of total AD cases, while late onset AD (LOAD) constitutes the majority. The most well 
established risk factor for LOAD is the E4 allele of the apolipoprotein E gene. In an effort to 
model LOAD in mice, APP mutant mice (J20s) have been crossed with E4 mice to generate 
APP/E4 LOAD mice. The primary symptom of AD is memory loss, yet secondary symptoms are 
often the reason for institutionalization. Such symptoms include circadian rhythm (CR) sleep 
disturbances, and loss of activities of daily living (ADL). To measure ADL in APP/E4 and C57 
wildtype mice, nest building and burrowing behavior were analyzed at 6 months, and will be 
analyzed at 12 months. These species typical behaviors in mice are likened to basic ADL in 
humans, which would include activities such as bathing or dressing. To assess CR sleep 
disturbances, wheel-running behavior was measured at 6 months and will be repeated at 12 
months. For the burrowing assay, animals were individually housed 3 hours before dark onset in 
cages equipped with a plastic burrow filled with 250 grams of pea gravel. Burrows were weighed 
after 2 hours and again the following morning. At 6 months, C57 animals burrowed significantly 
more pea gravel overnight than APP/E4 animals (p<.05). For the nest-building assay, animals 
were individually housed for a period of 24 hours in cages lined with corncob bedding and 
shredded paper. At the end of the testing period, pictures of the nests were scored by blind raters. 
Nesting scores were lower in APP/E4 animals compared to C57 mice (p<.05). Taken together, 
APP/E4 animals performed significantly worse on both measures of ADL at 6 months of age. CR 
wheel running-behavior was measured using cages that track wheel rotations. Animals were 
individually housed in these cages for 9 days. Preliminary data suggests that APP/E4 animals 
have significantly altered wheel-running behavior at 6 months of age compared to controls. 
Measures of wheel-running behavior include: hour of onset, hour of offset, bout length, counts 
per bout, and bouts per day. Both 6 month and 12 month data will be presented in November. 
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Abstract: Alterations of the Blood-Brain Barrier (BBB) are likely involved in several 
neurodegenerative diseases. The BBB is a dynamic interface that doesn’t only react to vascular 
signals but also produces prostaglandins, nitric oxide, and cytokines that affect Central Nervous 
System (CNS) function through its detoxification and anti-inflammatory capacities. Conversely, 
cerebral capillaries are innervated by different noradrenergic, serotonergic, cholinergic or 
GABA-ergic neurons that regulate important aspects of BBB function and induce the expression 
of BBB-related proteins. Several studies argue that dysfunction of BBB precipitates Alzheimer 
Disease (AD). Faulty BBB clearance of A-beta (Aβ) may promote its accumulation in the brain. 
Additional features of AD such as angiogenesis and arterial dysfunction may also initiate 
neurovascular uncoupling leading to Aβ accumulation and neurovascular inflammation resulting 
in synaptic and neuronal dysfunction. Barrier alteration in neurodegenerative diseases also has 
significant implications for drug therapy. Numerous drugs weren’t tested because preliminary 
studies suggest they don’t cross the BBB despite the fact that they could benefit from increased 
brain delivery across a compromised BBB. The study of the dynamic nature of BBB, its 
dysfunction and the potential involvement of the peripheral compartment in neurodegenerative 
processes may help to better understand the pathophysiology of CNS disease. We developed an 
improved in vitro rat syngeneic BBB model that includes primary cortical neurons. First, we 
established in 12 well plates the best conditions of culture between astrocytes, cortical neurons 
and microvascular endothelial cell monolayers. We characterized each cell partners by 
phenotypical features and specific immune-labelling (Claudin-5, ZO-1, MAP2, GFAP⋯ ) before 
investigating integrity of the monolayers by quantification of endothelial permeability coefficient 
(Pe) for lucifer yellow (LY). Then we miniaturized the model in 96 well plates for high content 
screening and applied oxidative stress damage (glutamate injury) and Aβ intoxication, two 
processes involved in AD. We showed the responsiveness of our cell system and the implication 
of each cellular counterpart in the neurodegenerative events. Finally, we tested some reference 
compounds and demonstrated the robustness of this neuro-glio-vascular model. This new 



relevant BBB cell model based on co-culture of three types of primo-cultures will allow a more 
predictive evaluation of therapeutic compounds. 

Disclosures:  D. Buttigieg: None. B.B. Dorothee: None. Y. Molino: None. E. Gras-lavigne: 
None. H. Henriques: None. F. Jabes: None. M. Khrestchatisky: None. R. Steinschneider: 
None. 

Poster 

599. Alzheimer's Disease: Models 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 599.26/P10 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Title: Next-generation neurological disease models - Directed differentiation of iPSCs to 
functionally model Alzheimer’s and Parkinson’s diseases 

Authors: A. ARMESILLA-DIAZ1, R. SHARMA3, R. SANTOS1, B. NEWMAN3, *K. M. 
GAMBER2, G. GIBBONS3, C. L. SCHOFIELD1, N. CARPENTER3, C. E. LOWE1, Y. SHI3;  
1Horizon Discovery, Cambridge, United Kingdom; 2Horizon Discovery, Saint Louis, MO; 3Axol 
Biosci., Cambridge, United Kingdom 

Abstract: Alzheimer’s and Parkinson’s diseases are incurable and debilitating 
neurodegenerative conditions with strong links to age. Today Alzheimer’s disease alone accounts 
for 60-70% of dementia cases and Parkinson’s disease is expected to affect ~2% of individuals 
over 65 years. The human and economic impact of these conditions is expected to increase 
significantly with the increasingly aging global populations unless new therapeutic strategies can 
be developed. Currently, there are a lack of human cell-based models available in which to carry 
out such studies and further investigation is needed in order to elucidate disease mechanisms and 
determine the efficacy of novel drug compounds. iPSC-derived neural stem cells (NSCs) offer a 
virtually unlimited source of physiologically relevant isogenic lines for use in both disease 
modelling and drug discovery.Combining the powerful tools of iPSC genome editing using 
CRISPR-Cas9 and directed differentiation, we have generated patient relevant NSC disease 
models carrying Alzheimer’s disease-associated microtubule-associated protein TAU (MAPT) 
mutations, R406W, P301L and V337M and Parkinson’s disease-associated leucine-rich repeat 
kinase 2 (LRRK2) mutation, G2019S in both a heterozygous and homozygous manner. These 
clinically identified missense mutations in MAPT are thought to reduce the ability of TAU to 
promote microtubule assembly and may contribute to neuronal death in Alzheimer’s disease. 
LRRK2 is thought to contribute to Parkinson’s disease via pathological mechanisms involving 
TAU, oxidative stress, α-synuclein, and mitochondrial-synaptic-dysfunction. Genome-edited 



iPSC lines were genotyped, karyotyped and subsequently differentiated using fully-defined, 
xeno-free neural induction conditions (Shi et al., 2012). Once the cells formed polarized neural 
tube-like rosette structures in monolayer culture, immunocytochemistry confirmed the 
expression of typical cerebral cortical NSC markers namely, PAX6 and FOXG1. Electrical 
activity was confirmed used multi-electrode array (MEA).These genetically defined, functionally 
validated human iPSC-derived NSCs provide a renewable resource of disease- and biologically-
relevant cells. These cells, carrying relevant mutations, offer a stable platform on which novel 
therapeutic agents can be screened and validated. Furthermore, these cells enable a direct 
comparison of the variant effect on cellular phenotype between isogenic lines cells and may 
therefore provide further insight into the pathology of these diseases. 
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Alzheimer’s disease 
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Abstract: Amyloid plaques, the major anatomical diagnostic criteria for Alzheimer’s Disease 
(AD), manifest decades before clinically diagnosed dementia, which correlates more directly 



with neurofibrillary tangles and neuron degeneration. A similar symptom mismatch is observed 
in transgenic mouse models of the disease: behavioral deficits become evident months before 
any extracellular amyloid accumulation or cell death occurs. In contrast, myelin deficits are the 
earliest neuropathological findings detected both in human familial AD patients and in transgenic 
mouse models. In the triple transgenic mouse model (3xTg), behavioral defects, white matter 
disruptions, and changes in myelin marker expression are all evident as early as 3–4 months of 
age. We used electron microscopy to document early neuropathological alterations in 3xTg mice 
at postnatal months (PM) 3, 5, 8, and 12. While non-toxic A11 fragments were detected 
intracellularly in hippocampal neurons of young animals, the organelle and fibril morphology in 
labeled neurons were not notably altered. Similarly, extracellular Aβ42 labeling, nor plaques, 
were not robust before PM12. Early signs of neuronal aging are evident at PM8, in form of 
vacuoles, lipofuscin accumulations and tight fibril bundles in karyoplasm, protoplasm and 
dendrites. While synapse density was minimally altered in the hippocampus, small dendrites and 
terminals in the basal forebrain were notably damaged by PM5, despite unaltered cell bodies and 
large dendrites. The earliest neuropathological manifestations were found in myelinated axon 
tracts. Several abnormal myelin structural formations were encountered, including vacuolization 
and uncompacting of myelin stacks, ruffling of oligodendrocyte membranes, herniation, double 
myelin, extensive myelin outfolding and myelin bulbs. While pathological morphologies 
associated with oligodenrocytes progressed in severity and frequency by age, most axons 
surrounded by altered myelin formations, including myelin bulbs, displayed relatively intact 
axon morphology, indicating that oligodendrocyte pathology preceded axonal degeneration. 
Subtle myelin outfolding encountered at PM3 progressed to extensive hypermyelination of non-
axonal neuropil and myelin bulbs, leading degeneration of sequestered neuronal elements. Our 
results highlight the importance of alterations in oligodendrocyte function as the earliest 
neuropathology in the 3xTg mouse model, indicating that oligodendrocyte pathology may be 
responsible for deficits in neuronal function and behavior that occur in transgenic animals prior 
to amyloid and tau-associated pathologies. 

Disclosures:  S. Chawla: None. L. Hanley: None. E.E. Maher: None. A. Erisir: None. 

Poster 

599. Alzheimer's Disease: Models 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 599.28/P12 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: (CONACYT Grant No: 219703) 



Title: Increase in beta-sheet secondary structures of peptides associated to amyloid beta 1-42 
expression in hippocampal rats exposed to ozone 
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Abstract: The aim of this work was to study the effect of oxidative stress on the changes of the 
secondary structure (alpha-helix or beta-sheet) of peptides. These changes could be associated to 
amyloid beta 1-42 peptide (AB 1-42) expression in dentate gyrus of rats exposed to low ozone 
doses, during different periods of time. Thirty-six animals were divided in 6 groups (n=6) 
exposed to ozone-free air stream (control group) and to ozone (0.25 ppm) during 7, 15, 30, 60, 
and 90 days respectively. After the rats were deeply anesthetized and processed by the following 
technics: Raman spectroscopy and immunohistochemistry against AB 1-42. Raman spectroscopy 
was performed on the hippocampal dentate gyrus of one rat per group and 20 single spectra per 
group were acquired. Results of the deconvolution of Amide I in the Raman spectra showed that 
exposure to ozone decreased the percentage of alpha helix secondary structure of peptides as it 
follows: control group (60%), 7 days (47%), 15 days (46%), 30 days (41%), 60 days (22%) and 
90 days (20%). On the other hand the percentage of beta folded sheets increased compared with 
the control groups as it follows: control group (0%), 15 days (16%) 30 days (23%), 60 days 
(52%) and 90 days (48%). Immunohistochemistry results showed an increase of intracellular 
immunoreactivity to amyloid beta 1-42 at 60 and 90 days of exposure to ozone compared with 
the control group. In conclusion, we found that oxidative stress caused by low doses of ozone 
induced an increase of beta-sheet secondary structure of peptides, which is associated with an 
increase in intraneuronal formation and deposition of beta-amyloid 1-42 in hippocampal dentate 
gyrus of rats exposed to this gas. This could be similar to what happens in patients with 
Alzheimer's Disease. This work was supported by the CONACYT [Grant No: 219703 to S.R.-
A.]. 
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Abstract: Alzheimer’s disease (AD) is the major type of senile dementia, but there is no 
successful treatment until now due to its complexity. To better understand the molecular 
mechanisms underlying AD pathology, several mouse models have been developed to mimic the 
main neuropathological hallmarks. In the present study, we performed a comparative gene 
expression profiling of two different AD model mice: the classical triple-transgenic model mice 
3xTg-AD which carry two mutated human transgenes, APP (Swedish KM670/671NL) and 
MAPT (P301L) driven by exogenous Thy1.2 promoter with a knock-in mutation of Psen1 
(M146V) that promotes formation of plaques and tangles; and the recently established AD model 
mice APP NL-G-F with three pathogenic App-knock-in mutations (Swedish KM670/671NL, 
Arctic E693G and Iberian I716F) that promote aggressive amyloidosis under the control of 
endogenous App promoter. We prepared total RNA from cortex of 12-month-old male mice of 
each AD model and control, obtained their gene expression profiles using microarray technology 
and performed a comparative analysis. In both AD models, we observed no significant reduction 
in expression levels of neuronal markers, but genes involved in neuroprotection (Fos, Nr4a1, 
Nr4a2, Nr4a3, Egr2) were commonly downregulated. Among 306 significantly altered genes in 
the 3xTg-AD cortex (fold change < -1.2 or > 1.2, ANOVA p < 0.05), we found genes related to 
neurological diseases (21), metabolic disorders (21) and immune response (17). In contrast, 
among 257 altered genes in the APP NL-G-F cortex, the most significantly upregulated genes 
encode proteins involved in the inflammatory (18) and immune (18) responses (top 5: Cst7, 
Clec7a, Ccl3l3, Lilrb4), accompanied by a significant upregulation of astrocyte markers (Aqp4, 
Gfap, S100b) and genes encoding complement components (C1qa, C1qb, C1qc, Tyrobp), as well 
as alterations in genes related to neurological disease (18) and lipid metabolism (13). The results 



observed in APP NL-G-F mice suggest that amyloidosis induced by endogenous expression of 
pathogenic APP protein may cause strong inflammatory/immune responses that would play 
important roles in AD pathogenesis. Recent reports highlight the contribution of astrocytic 
activation to neuroinflamation in AD, however, the mechanism involved is still unclear. To 
delineate the astrocytic activation by endogenous β-amyloid, we are now examining the gene 
expression profiles, biochemical and physiological properties of cultured astrocytes isolated from 
adult APP NL-G-F. 
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Abstract: Glia play a crucial role in maintaining homeostasis in the brain and supporting the 
functioning of neurons. A complex network of inflammatory and neurodegenerative responses, 
coupled with amyloid beta deposits, tau tangles, and oxidative stress characterize Alzheimer’s 
disease. Activation and proliferation of microglia and astrocytes are important in the 
inflammatory response, which ultimately affects disease progression. Consequently, the 
synergistic changes that occur during gliosis have become an intense topic of investigation, but 
remain poorly defined. This study utilizes 5xFAD mice, as well as healthy age-matched control 
animals, to spatiotemporally characterize glial cells in the brain as aging occurs. Cutting-edge 
CLARITY and SWITCH labeling techniques are used to visualize the cellular landscape of the 
diseased brain. Morphological and proliferative changes in microglia and astrocytes are observed 
across brain regions as Alzheimer’s disease progresses and amyloid plaque load increases. The 



interaction of these immune cells with the vasculature is also examined to explore potential 
impacts on amyloid clearance. Ultimately, a clearer picture of the glial changes during disease 
progression will allow for a better understanding of the dynamic pathophysiology that underpins 
neurodegeneration. Funding Sources: NIH (cost object 6930217) and the Glenn Foundation. 
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Abstract: Introductions  
Stem cell therapy for neurodegenerative diseases has been reported with promising results 
through neuronal differentiation or control of microenvironment. However, the surgical 
transplant methods such as parenchymal or intravenous injection has limitations of secondary 
injury, infection and low survival rate of stem cell in the target site. Therefore, this study 
investigates a possibility of focused ultrasound (FUS) for targeted non-invasive stem cell 
transplantation into the brain. 
Materials and Methods 
In this study, Male Sparague-Dawley rats (300-350g) and bone marrow-derived mesenchymal 



stem cell (BM-MSC; 5p) were used. Experimental groups consist of low intensity FUS+MSC, 
MSC-only and FUS+dye (Evans blue or Light green). All rats were anesthetized with ketamine 
cocktail, and FUS was applied with parameters of 1Mpa, 300s (AP+0.7, ML+2, DV-5.5). Three 
hours after sonication, BM-MSC was injected into the tail vein. 
Results 
First, the position of BBB opening was confirmed by the FUS+dye group. Comparing 
FUS+MSC and MSC-only group, it was confirmed that FUS increase BM-MSC homing to the 
sonicated brain tissue. Also, we found that location stained with Evans blue, a dye with large 
molecular weight, had a higher efficacy of stem cell homing compared to the location stained 
with Light green, a dye with smaller molecular weight. On the other hand, BM-MSC was not 
shown in group of MSC-only. 
Conclusions 
As a result, we confirmed MSC can be delivered into the brain by FUS. And the efficiency of 
stem cell delivery may be positively correlated to the ultrasonic energy. This study can 
contribute to determination of optimal energy for repetitive FUS to cell transplantation without 
tissue damage in neurodegenerative diseases. Further study about function of stem cell 
transplanted in brain and mechanisms of stem cell homing by low intensity FUS is needed. 
Acknowledgement  
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Abstract: Short-term memory deficits are the first symptom of the late-onset Alzheimer’s 
disease. This progressive disease constitutes one of the most significant health problems 
confronting mankind in societies with an aging population. Current medication for 
neurodegenerative disorders has only modest therapeutic efficacy. To tackle these problems with 
committed focus, we developed a novel molecule with enhanced bio-availability and target 
specificity with the potential to restore/halt memory deficits. 
Using medicinal chemistry and computational modelling combined with site-directed 
mutagenesis we have developed hybrids of 6,6-dimethyl-3-(2-hydroxyethyl)thio-1-(thiazol-2-yl)-
6,7-dihydro-2-benzothiophen-4(5H)-one, that demonstrated selective binding and high inverse 
agonism for the alpha5 GABAA receptor subtype. We have designed analogues of this compound 
with an array of biological activity ranging from inactive controls to highly potent derivatives. 
Whole-cell electrophysiological recordings performed provide evidence to suggest that one of 
the hybrids developed, a5AM21 shows better potency compared to other published analogues of 
this compound at specific interneurons that mediate inhibition via postsynaptic alpha 5 
containing GABAA receptors. Behavioural studies performed using healthy rodents suggest that 
a5AM21 improved memory recall in vivo. Furthermore, this observation was consistent with in 
vitro electrophysiology experiments that demonstrated an enhanced hippocampal long-term 
plasticity at unitary synaptic recordings performed between specific dendrite-targeting 
interneurons. 
In summary, using a multi-disciplinary approach we have developed a selective and potent 
potential cognitive-enhancer, a5AM21. This compound showed properties of selective inverse 
agonist for the alpha5 GABAA receptor subtype, which is important for inhibitory 
neurotransmission and memory formation. 
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Abstract: G protein-coupled receptors (GPCRs) are a well-established therapeutic target class 
that continues to be an area of commercial drug development and active basic science research in 
neurosciences. A major challenge has been the need for more selective antagonists devoid of 
agonist activity for a given GPCR. The goal is to avoid adverse clinical events while providing a 
more rational basis to therapeutic intervention. The challenge has been especially true for the 
5HT2b receptor with mixed agonist/antagonist drugs being withdrawn from the market due to 
adverse events yet mixed GPCR antagonists low in agonist function having attractive 
pharmacological actions. 
We report here the discovery of a novel, highly selective 5HT2b receptor antagonist, MW01-8-
071HAB (MW071) that is devoid of agonist activity and rescues associative memory defect in an 
Alzheimer’s disease (AD) relevant animal model. MW071 was synthesized as part of the 
experimental validation of an expert systems approach to risk reduction in drug metabolism 
focused on CYP2D6 substrate status, a significant contributor to individual variance in drug 
efficacy or toxicity (Chico et al., Drug Metab Dispos. 37:2204-2211, 2009). Remarkably, a 
single atom change resulted in a CYP2D6 substrate to non-substrate status. However, a recurrent 
theme in the discovery and development of new GPCR drug candidates is the finding that small 
changes in a GPCR ligand can result in significant changes in receptor modulation and in vivo 
function. Therefore, we took MW071 through large-scale functional screens for GPCR 
antagonist and agonist activities, which revealed that MW071 is a selective 5HT2b receptor 
antagonist that lacks detectable 5HT2b receptor agonist activity. We also subjected MW071 to 
large-scale hierarchical kinase inhibitor screens for potential non-GPCR ligand activity that 
could potentially influence GPCR mediated cellular function. Taken in its entirety, the data are 
consistent with MW071 being a new highly selective 5HT2b receptor antagonist that lacks both 
CYP2D6 substrate and 5HT2b receptor agonist liabilities capable of providing new insights into 
modulation of AD related cognitive dysfunction. Overall, the results add to the growing database 
of novel GPCR receptor modulators with new in vivo functions through the use of dual 
agonist/antagonist functional screens as a primary screen in drug discovery. 

Disclosures:  O. Arancio: None. J.P. Schavocky: None. S.M. Roy: None. L. Chico: None. A. 
Staniszewski: None. D.M. Watterson: None. 



Poster 

600. Alzheimer's Disease: In Vitro Therapeutics 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 600.04/Q6 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Title: Using high throughput screening method to identify new drugs for Alzheimer’s disease 

Authors: *B. ZHU, K. HERRUP;  
Hong Kong Univ. of Sci. and Technol., Hong Kong, Hong Kong 

Abstract: Aging is the major and primary risk factor of Alzheimer’s disease (AD). In the aged 
brain, oxidative stress, DNA damage, chronic inflammation and other stressors increase, making 
neurons more susceptible to abnormal cell cycle re-entry, and further leading to neuronal loss. 
Thus, while each of these stressors could be studied individually, blunting the effects of aging 
may be the most economical strategy to fight Alzheimer’s disease. To screen for drugs that have 
anti-aging effects, we turned to the deep ocean, which has high bacterial biodiversity and an even 
broader spectrum of natural bioactive compounds. We report here our successful first use of this 
rich source of potential drugs. To create an in vitro model of aging, we use mouse primary 
cortical neuronal cultures on both day in vitro (DIV) 14 and DIV 21, which we consider to 
mimic mature and old states respectively. The level of the G1 phase cell cycle marker, cyclin D1, 
increased significantly from DIV 14 to DIV 21, indicating that with age primary neurons 
undergo cell cycle stress. We found further that fibrillarized amyloid-beta (Aβ1-42), increased the 
cyclin D1 level at both time points, suggesting that Aβ exacerbates the cell cycle stress and does 
so at all ages. We used fibrillar Aβ as the stimulant and cell cycle markers as outcome measures 
to determine whether any marine bacterial extract might prove neuroprotective. For comparison 
we also used previously characterized compounds from single bacterial species as well as other 
marine sources such as fish oil and PCSO-524®, an extract of mussel. We used in cell western 
methods to measure the total level of cell cycle, synaptic density, senescence marker and other 
response proteins to evaluate the response to fibrillar Aβ. To make the anti-aging screening assay 
more efficiently, we applied the screening in a 96-well format. Using this method, we discovered 
significant neuroprotective activity in several of the 280 compounds we have screened. As 
reported previously, fish oil and PCSO-524® both significantly lowered the levels of cyclin D1 
and other stress-related proteins. We will also report the results of chronic incubation of these 
agents. Our hypothesis is that any agent that lowers stress markers compared to control has 
potential to blunt the effects of aging in our system. We believe that both the novel source of 
natural products and the effective and efficient new screening method will be of significant value 
in the search for new compounds to fight aging and Alzheimer's Disease. 
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Title: MSCs inhibit transmission of amyloid beta through lipid raft-mediated endocytosis. 
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Abstract: A hallmark pathological feature of Alzheimer's disease (AD) is the accumulation of 
extracellular plaques composed of the amyloid-beta (Aβ) peptide. Aβ is propagated by cell-to-
cell transmission and they affect the onset and progression of AD. To block Aβ transfer is 
important therapeutic strategies against AD. Using Aβ enriched models, we found that 
mesenchymal stem cells (MSCs) contribute to the reduction of Aβ endocytosis. And we found 
that MSCs inhibit Aβ transmission by blocking the lipid raft-mediated endocytosis of 
extracellular Aβ via modulation of the interaction with lipid raft associated proteins, which led to 
a prosurvival effect on neurons with functional improvement of synaptic damage and cognitive 
decline in Aβ-enriched models. The present data indicated that MSCs exert neuroprotective 
properties through inhibition of extracellular Aβ transmission, suggesting that the property of 
MSCs may act as a disease-modifying therapy in AD. Acknowledgments : This research was 
supported by the Basic Science Research Program through the National Research Foundation of 
Korea (NRF), funded by the Ministry of Science, ICT and Future Planning (NRF-
2013R1A2A2A01067761), and the Brain Korea 21 PLUS Project for Medical Science, Yonsei 
University. 
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Title: The mixed-lineage kinase 3 inhibitor URMC-099 facilitates microglial amyloid-β 
phagolysosomal degradation 
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Abstract: Amyloid-β (Aβ)-stimulated microglial inflammatory responses directly affect 
Alzheimer’s disease (AD) progression. Such responses, in a measure, are orchestrated through 
mitogen-activated protein kinase (MAPK) signaling pathways. The mixed-lineage kinases 
(MLKs) are known to regulate MAPK pathways including c-Jun amino-terminal kinase (JNK) 
and p38 MAPK. However, whether MLK-MAPK participates in Aβ-mediated 
neuroinflammation is poorly understood. To this end, we used URMC-099, a brain penetrant 
small-molecule MLK type 3 (MLK3) inhibitor, to study its effect on Aβ-mediated microglial 
inflammatory responses. Murine microglia were stimulated with Aβ1-42 (Aβ42), and the 
phosphorylation of p38 (p-p38) and JNK (p-JNK) and the expression of pro-inflammatory 
cytokines interleukin (IL)-1β, IL-6 and tumor necrosis factor (TNF)-α were investigated. While 
Aβ42 stimulation enhanced p38, JNK phosphorylation and the expression of IL-1β, IL-6 and 
TNF-α, URMC-099 treatment reduced their phosphorylation and expression levels. URMC-099 
induced gene expression of anti-inflammatory cytokines IL-4 and IL-13. Furthermore, URMC-
099 modulated scavenger receptor expression and facilitated Aβ uptake and degradation through 
endolysosomal Aβ trafficking. These data suggest a new immunomodulatory role for URMC-
099 modulating microglial activation through MLK-MAPK with concomitant M2 microglial 
polarization. Thus, the MLK3 inhibitor may be considered as a novel disease-modifying AD 
therapy. 
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Abstract: We have previously identified a General Amyloid Interaction Motif (GAIM) that 
binds and remodels a variety of fibrillar aggregates in a conformation-dependent manner 
(Krishnan et.al, 2014). This unique protein scaffold was derived from the tip protein g3p of the 
filamentous bacteriophage M13. To make an acceptable drug candidate, we genetically fused 
GAIM with a human immunoglobulin (hIgG1Fc). The fusion protein, NPT088, displays bivalent 
GAIM from human Fc, and when injected intraperitoneally, significantly reduces Aβ plaques in 
the brains of Tg2576 mice, hyper phosphorylated and fibrillary tau in rTg4510 mice and 
ameliorates cognitive deficits associated with both the animal models (Levenson et.al, under 
review). To understand the molecular mechanism facilitating aggregate binding and clearance, 
we performed extensive mutagenesis of GAIM. The binding properties of GAIM-variants to 
different amyloid fibers were studied using SPR, ELISA and fiber remodeling assays. Specific 
binding and remodeling are strongly influenced by GAIM valence, appropriate exposure of non-
polar and aromatic residues in the binding sites, and the solvated stability of the molecule as a 
whole. We used these data and molecular modeling tools to engineer new GAIM-fusions. Here 
we present data on one such fusions, NPT289, that binds multiple amyloid fibers with 5-100 fold 
greater potency than NPT088, remodels Aβ aggregates, and blocks cell-to-cell transmission of α-
synuclein and tau aggregates in primary neuronal cells more efficiently than NPT088. 
Characterization of NPT289 and other GAIM variants has begun to elucidate the complex 



structure activity relationship of GAIM and as a result, has created a platform for discovery of 
new drug candidates for protein misfolding diseases. 
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Abstract: Although lines of evidence suggest that lithium, a CNS-acting element using for mood 
stabilization, may be beneficial for treating Alzheimer’s disease (AD), the mechanisms 
underlying its therapeutic potential are not well understood. To examine the effects of lithium on 
AD-related pathophysiology (intracellular Ca2+ responses, neurophysiology and synaptic 
plasticity), whole-cell patch clamp recording, UV photolysis of caged-IP3, and 2-photon Ca2+ 
imaging were conducted in CA1 hippocampal pyramidal neurons from control (NonTg) and 
3xTg-AD mouse models (~3 months of age). In control mice, IP3-evoked Ca2+ responses were 
elevated in 3xTg-AD neurons (100 ± 18% over baseline, n=18) compared to NonTg neurons (68 
± 16% over baseline, n=16). Feeding with a lithium chow diet (0.2%, Harlan Lab.) for one 
month had no effect on NonTg IP3-Ca2+ responses (68 ± 24% over baseline, n=14) but 
significantly reduced the IP3-Ca2+ response in 3xTg neurons by almost 50% (n=15, p < 0.05). 
Despite VGCC responses not being elevated in 3xTg-AD neurons, lithium treatment also 
suppressed action potential-evoked Ca2+ responses, with no effect on NonTg VGCC responses. 
We also measured synaptic transmission and plasticity at the CA3-CA1 Schaffer collateral 
synapse using field potential recordings in hippocampal slices from the same population of 
3xTg-AD and NonTg mice. Lithium treatment had no significant effects on long-term 
potentiation (LTP) in either mouse strain, nor did it affect passive membrane properties such as 
resting membrane potential or input resistance. However, post-tetanic potentiation (PTP), a form 
of short-term plasticity reliant on calcium signaling, was significantly increased in lithium-
treated NonTg mice by almost 70% (p<0.05); notably, lithium had no effect on PTP in 3xTg-AD 
mice indicating an alternative calcium signaling mechanism is recruited in the AD model. Thus, 
lithium treatment suppresses activity-dependent Ca2+ signaling and fails to potentiate PTP in 
3xTg-AD mice, which may reflect its diverse actions on IP3 receptor stabilization, kinase 
activity, and Na+/Ca2+ exchanger properties. Based on these early findings, the extent of 
neuroprotection offered by lithium in AD models warrants further study. 
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Abstract: Polydatin, a natural precursor of resveratrol, has been shown to possess strong 
antioxidative bioactivity. Recent evidence has suggested that polydatin protects against chronic 
alcohol exposure and acute hemorrhagic shock in a rodent model of several neurodegenerative 
disorders, but the mechanisms underlying this protection are largely uncharacterized in 
Alzheimer’s disease (AD). In this study, we determined the neuroprotective effects of polydatin 
against amyloid beta25-35 (Aβ25-35)-induced apoptotic cell death in neuronal cells and cognition 
impairment, and investigated the possible mechanisms involved therein. Polydatin significantly 
prevented the loss of cell viability, release of lactate dehydrogenase (LDH), accumulation of 
reactive oxygen species (ROS), and dysfunction of mitochondria membrane potential (MMP) 
associated with Aβ25-35-induced neurotoxicity in neuronal cells. Polydatin also strikingly 
inhibited Aβ25-35-induced mitochondrial dysfunction in mice. Moreover, polydatin significantly 
attenuated Aβ25-35-induced phosphorylation of the c-Jun N-terminal kinase (JNK), p38, and 
extracellular signal-regulated kinase 1/2 (ERK 1/2) MAPKs, Akt, and glycogen synthase kinase-
3 beta (GSK-3β). Furthermore, polydatin significantly inhibited cognition deficits induced by 
Aβ25-35 in mice. Taken together, our results demonstrated that polydatin could protect against 
neuronal cell death and cognition deficits mediated by Aβ25-35-induced apoptosis via inhibition of 
the oxidative stress signaling pathway, providing a potential therapeutic agent for the treatment 
of AD. 
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Abstract: It has been demonstrated that cAMP acidifies lysosomes via the upregulation of 
lysosomal vATPase. Such changes may help normalize “arrested autophagy” caused by 
presenilin-1 mutation (Coffey EE et al. 2014. Neurosci). Currently, several phosphodiesterase 
inhibitors, which increase cAMP levels, are in clinical use. Previously, we have shown that 
cilostazol, a PDE3 inhibitor used for its antiplatelet effects, reduces Aβ accumulation in cultured 
pericytes. Hence, in the present study, we screened about 800 FDA-approved drugs (SCREEN-
WELL® FDA v. 2.0 Approved Drug Library, purchased from ENZO) to see if we can find 
PDE3 inhibitor activities among these drugs. Drug effects on PDE3 activity were measured using 
PDELight™ HTS cAMP Phosphodiesterase Assay (LONZA). In the presence of PDE3, cAMP 
turns into AMP and then to ATP, which along with luciferase produces photons. Hence the 
luminescence reflects the PDE3 activity. Addition of a PDE3 inhibitor would result in the 
reduction of the luminescence. Add 10 µl of 40 µM inhibitor to each well in compound solvent 
i.e. 10%(v/v) DMSO. For control wells use compound solvent only. To all wells add 10 µl of 
PDE3 diluted in reaction buffer at 4x optimal concentration. To all wells add 20 µl of cAMP at 
2x optimal concentration. Incubate for 60 minutes at room temperature. Add 10 µl of Stop 
solution and 20 µl of AMP Detection reagent. Incubate for at least 10 minutes at room 
temperature. Measure luminescence using a 0.1 second integration time. Using this method, 800 
drugs were screened. After two runs (Z’ factors: 0.91 and 0.93 respectively), 16 drugs were 
found as possible PDE3 inhibitors. Of these, we selected 6, and with individual assays, 
confirmed that they inhibited PDE3. Like cilostazol, a standard PDE3 inhibitor, these drugs re-
acidified lysosomes to variable extents, and increased autophagy flux in a chloroquine model of 
arrested autophagy in RPE cells. Further experiments in APP/PS-1 expressing CHO cells are 
under way. Designing new chemicals and developing them into new drugs are a very time-, 
money- and labor-consuming process. In contrast, finding new indications for pre-existing drug 



(drug repositioning) may have much higher chance of success. Since PDE3 inhibitors may help 
boost lysosomal functions that are often impaired in diverse neurodegenerative conditions, these 
new indications may prove useful for the treatment of these conditions. 
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Abstract: Introducction: Alzheimer`s disease (AD) is characterized by beta-amyloid (Aβ) 
accumulation and neurofibrillary tangles that are associated to synaptic deficit and dementia. 
Liver X receptor (LXR) agonist have demonstrated to have beneficial effect in murine models of 
AD through regulation of Apolipoprotein E, ABCD1, neuroinflamation and Aβ levels. However, 
the role of LXR in the regulation of synaptic function remains unknown. Aim: To analyzed the 
in vitro the effect of LXR agonist (GW3965) on the synaptic function upon treatment of 
hippocampal primary cultures or slices with Aβ. Materials and methods: We used primary 
hippocampal cultures (DIV 15) or hippocampal slices from C57BL/6 mice; cultures were pre-
treated with LXR agonist (GW3965, 1 µM) for 18 hours following by exposure to Aβ (200nM) 
for 6 hours; expression of synaptic proteins (SV2A, P65 PSD95, shank2, NMDA NR1 y AMPA, 
GLUA2) was analysed by western blotting; dendritic spines and synaptic contacts were analysed 
by confocal microscopy by using transfection with a GFP plasmid and by immunocytochemistry 
for Vglut1 and Shank1, respectively; LTP analysis was performed in hippocampal slices by 
using a 100 pulses of 100 Hz stimulation protocol. Results: Previously we have demonstrated 



that LXR agonist treatment of the triple transgenic mouse model of AD rescued the cognitive 
decline. Tretament with Aβ induced an increased in the expression level of pre and post-synaptic 
proteins, a decreased in the number of dendritic spines and synaptic contacts and reduces LTP. 
LXR agonist reverts all these changes, including an increased in the number of dendritic spines 
and synaptic contacts, regulation of the expression of synaptic proteins and restores LTP. 
Conclusion: Our results demonstrate that LXR agonist have an impact in the regulation of 
synaptic function through modulation of expression of synaptic proteins and synaptic plasticity. 
LXR agonist may be a pharmacological alternative for AD. Acknowledgements: Funded by 
COLCIENCIAS and DIB-Universisdad Nacional de Colombia. 
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Abstract: Alzheimer’s Disease (AD) is a progressive neurodegenerative disease with many 
complex pathophysiological features. Of particular interest to our lab is the presence of increased 
Ca2+ release from ER-localized ryanodine receptors (RyR). This dysregulation in Ca2+ 

homeostasis in AD accelerates many disease features, including synaptic deficits. Previous 
studies have used dantrolene, an RyR negative allosteric modulator, as a tool compound and 
demonstrated that RyR stabilization restores Ca2+ homeostasis and synaptic integrity in AD 
mice. In order to address the off-target effects and poor solubility of dantrolene, our lab has 
synthesized and screened a number of dantrolene analogs for their ability to modulate RyR 
mediated Ca2+ release in neurons from AD mice and model cells. Several of these structural 
analogs demonstrate RyR-regulating activity similar or superior to dantrolene and are potential 
novel lead compounds which can preserve synaptic structure and function in AD. In addition, we 



have generated novel structural cores, distinct from dantrolene, that show RyR-modifying 
properties in cellular models of AD. 
The current study aims to utilize various cells lines to test the RyR-Ca2+ modulating compounds 
in order to examine their pharmacologic properties in vitro. Using various expression vectors, the 
multiple cell lines are developed for calcium channel expression patterns, particularly of the 
three ryanodine receptor isoforms, RyR1, RyR2, and RyR3, and their calcium release properties. 
The RyR2 isoform is selectively upregulated in both human early-stage AD patients and in AD 
mouse models and is of particular interest. Immunocytochemistry and qRT-PCR are used to 
confirm calcium channel expression patterns, while calcium imaging and electrophysiological 
approaches are used to characterize functional properties. Preliminary data using an RyR2 
expressing mouse neuroblastoma (N2a) dose response assay have identified several novel 
compounds as potent and selective RyR2-Ca2+ modulators with activity comparable to or better 
than dantrolene. Those with attractive in vitro ADME properties have been tested in brain slice 
preparations from AD mouse models using whole cell patch clamp recordings and 2-photon 
calcium imaging. Incubating hippocampal brain slices in these lead compounds (10µM) resulted 
in normalized RyR-evoked calcium responses in the AD brains, while having no effects on other 
plasma membrane ion channels, passive or active membrane properties, or action potential 
properties. Thus our novel compounds could illustrate a potential treatment for AD by restoring 
Ca2+ homeostasis and synaptic integrity. 
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Abstract: Protein aggregates such as beta-amyloid plaques have been implicated in several 
neurological diseases such as Alzheimer. Developing chemical tools to induce their 



disaggregation may have implications for treatment of these conditions. Prior research has shown 
that photothermal properties of gold nanoparticles (AuNPs) dispense quanta of heat energy that 
has been applied in the treatment of cancer cells. Similarly, iron-oxide nanoparticles have been 
used to deliver drugs to an abrasion within the human body. Our research focuses on developing 
bio-compatible nanoparticles that consist of an iron-oxide core coated with AuNPs which may be 
further functionalized with peptides to localize on beta-amyloid plaques. These nanoparticles 
through Rayleigh Scattering may be triggered to dispense quanta of heat energy to break the 
hydrophobic bonds between the protein agglomerates to dissolve them. We will present the 
synthesis and characterization of AuNP-Fe2O3 nanoparticles and their surfactant derivatives. The 
electron microscopy and magnetic moment susceptibility data of the nanoparticles will be 
presented. In-vitro studies to demonstrate the ability of the nanoparticles to dissolve protein 
aggregates induced by visible light will be discussed. 
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Abstract: In Alzheimer’s disease (AD) toxic oligomers comprised of forms of beta-amyloid 
(Aβ) and tau accumulate. TrkB and TrkC receptors are expressed by essentially all neurons 
affected in AD including those in the hippocampus and cortex, where they promote neuronal 
survival, neurite outgrowth and synaptic plasticity. Our laboratories have developed a non-
peptide small molecule, BC-2, that binds to and activates both TrkB and TrkC, but not the TrkA 
or p75 neurotrophin receptors. We hypothesized that BC-2 might have effects on degenerative 
processes induced by Aβ in vitro as well as in APP-L/S mice. In mouse hippocampal neuron 



cultures, which display synapse formation, BC-2 (1000nM) prevented Aβ-induced inactivation 
of TrkB, AKT and PKC, blocked loss of pre- and post-synaptic markers and inhibited tau 
phosphorylation. In addition, BC-2 prevented Aβ-induced tau missorting into dendrites, and MC-
1 and Tau22 immunostaining indicated reductions of Aβ-induced tau conformational changes 
and tau oligomerization. Consistent with the ability of TrkB and TrkC to regulate RhoA and Rac 
activation, BC-2 inhibited Aβ-induced activation of RhoA and inactivation of Rac; this was 
associated with normalization of diminished cofilin phosphorylation and protection of dendritic 
spines. In APP-L/S mice, which show progressive plaque deposition in cerebral cortex and 
hippocampus beginning at 3-4 months of age, BC-2 was administered via intraperitoneal 
injection once daily (5 days per week) for three months beginning at 4-5 months of age. BC-2 
activated TrkB and TrkC in the hippocampus along with their downstream signaling pathways, 
which was associated with: decreased tau phosphorylation and aberrant conformations; 
protection of hippocampal apical and basal dendrites and their synaptic spines; and mitigation of 
behavioral deficits. These findings are consistent with the known intersections of Trk signaling 
and AD degenerative signaling networks, and point to the possibility of developing clinically 
viable small molecule ligands for TrkB and/or TrkC receptors as a therapeutic approach for AD. 
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Abstract: Nicotinamide mononucleotide (NAD) adenylyl transferase 2 (NMNAT2) is an 
essential enzyme for neuronal growth, maintenance and survival. Constant anterograde 
trafficking of highly labile NMNAT2 from cell body to axon is required to maintain neuronal 
integrity. Knock-down of endogenous NMNAT2 below a threshold level triggers Wallerian-like 
axonal degeneration in the absence of injury. Conversely, modest overexpression of NMNAT2 
offers protective effects on neuronal degeneration in primary neurons and rescues axonal 
degeneration in Drosophila nerve injury models and a mouse model of tauopathy (rTg4510). 
Collectively these studies suggest that agents that increase NMNAT2 levels in neurons could 
have therapeutic potential in neurodegenerative diseases. The mechanisms underlying 
NMNAT2-mediated neuroprotection remain elusive. There is evidence suggesting the protective 
effects are afforded by its enzymatic activity that leads to an increase in NAD+ levels and it may 
act as an enzyme-independent chaperone that assists in clearing neurotoxic misfolded protein 
aggregates. Here we describe an approach to identify small molecules that enhance NMNAT2 
stability and demonstrate neuroprotective effects. We performed a high content image-based 
high-throughput screen using a stable cell line expressing Flag-tagged NMNAT2 (half-life 100 
minutes). Several hits were identified that demonstrated a concentration-dependent increase in 
levels of Flag-NMNAT2 expression 4 h post-treatment. The lead series of compounds had no 
effect on the turnover of beta-catenin, another protein rapidly eliminated by the proteasome, or 
on the membrane localization of CD8, a protein that, like NMNAT2, is palmitoylated. Imaging 
analyses indicates that this compound increases NMNAT2 expression with the same Golgi-
localized subcellular pattern as in untreated controls. Thus the regulation of NMNAT2 is not due 
to non-selective effects on proteasomal degradation, palmitoylation, or trafficking. Furthermore 
the increase in NMNAT2 occurred in the presence of cycloheximide, ruling out an effect on 
transcription. As assessed by western blot, the lead compound enhanced NMNAT2 expression 
levels by 30-40% in NMNAT2 HEK cells. In agreement with published reports, this modest 
increase in NMNAT2 was sufficient for biological effect; the compound is neuroprotective in a 
primary rat dorsal root ganglion NGF withdrawal assay, and completely prevented neurite 
withdrawal induced by the RhoA-activating toxin CNO3 in human embryonic stem cell-derived 
neurons. Current studies will delineate the mechanism by which this molecule enhances 
NMNAT2 expression. 
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Title: Interaction between proteasomal and lysosomal systems can be modulated to reduce Aβ42 
effects in hippocampal slice cultures 
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Abstract: Intracellular protein clearance decreases with age, thus altering the vital balance 
between protein synthesis vs. degradation. Accumulating toxic proteins lead to the activation of 
proteasomal and lysosomal pathways for clearing such species. However, many studies indicate 
that the two pathways exhibit stress during AD-type protein accumulations. In this study, low 
concentration Aβ42 was applied to hippocampal slice cultures resulting in reduced proteasome 
activity (p=0.0196) in correspondence with increased tau phosphorylation and significant loss of 
synaptophysin. When the slices were treated with the proteasome inhibitor lactacystin, a nearly 
complete and rapid reduction in proteasome activity was found. Interestingly, during the 
proteasomal compromise a putative compensatory response by lysosomal enzyme cathepsin B 
(CatB) was detected, a 50-75% increase in CatB activity. This suggests potential cross-talk 
between proteasomes and lysosomes as suggested (Pandey et al. 2007, Nature 447:860). To 
further assess the apparent inverse relationship, we used a lysosomal enhancing agent (Z-Phe-
Ala-diazomethylketone; PADK) that promotes protein clearance (Butler et al. 2011: PLoS One 
6:e20501; Bahr et al. 2012: Rejuvenation Res 15:189) to test for proteasomal attenuation. 
Surprisingly, instead of a decrease PADK appeared to cause a small increase in proteasome 
activity (control = 98.7±1.7, PADK = 115.3±12.4, N.S.). In slices with Aβ42-mediated 
proteasomal compromise (34.7±5.2), PADK indeed enhanced the proteasome activity 
(73.0±10.0, p=0.027), to levels comparable to control slices. Furthermore, PADK also reduced 
Aβ42-mediated tau phosphorylation by >50%, an event implicated as a consequence of the 
negative influence on proteasomes and protein clearance efficiency. Such efficiency may involve 
cross-talk between proteasomes and lysosomes. Together, the results suggest a distinct 
interaction between proteasomal and lysosomal systems, and they point to potential dual 



modulation against protein accumulation pathology linked to Alzheimer’s disease and other 
dementias. 
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Abstract: There is mounting evidence that tau oligomers have a pathological role in Alzheimer’s 
disease (AD) including leading to the impairment of synaptic function and the spread of 
pathology. We have undertaken a screening approach to discover small molecule inhibitors that 
prevent tau oligomer formation at the beginning of the aggregation cascade. Competing 
programs use methods to select compounds inhibiting the formation of tau fibrils or large 
aggregates, previously thought to be the most toxic tau species. We hypothesized that by 
targeting the first step in tau self-association all forms of tau aggregates should be reduced. This 
work is also highly differentiated from other approaches in that we used full length tau without 
any mutations that are not relevant to AD. These assays were used to screen a large compound 
library optimized for drug-like properties. Leads from three chemical series with in vitro IC50 
ranging from 300 - 600 nM, molecular weights under 450 Daltons, cLogP 2 - 5, and a polar 
surface area ranging from 45 to 70 Å2, and which were not toxic to SH-SY5Y neuroblastoma 
cells, have been selected for further testing of CaCo2 permeability and stability, as well as 
pharmacokinetic analysis. The best performing candidate compound will be tested in vivo using 
htau mice. Mice will be treated at 3 escalating doses for 4 months and their brains will be used 
for biochemical and histological analysis to assess changes in tau oligomer load and efficacy of 
our treatment paradigm. 
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Abstract: The aim of our program is to develop a novel, disease-modifying, orally active 
therapeutic agent for Alzheimer’s Disease. According to our hypothesis, amyloid-beta (Abeta) is 
necessary but not sufficient to cause Alzheimer's Disease alone, and the interaction between 
Abeta and glycosaminoglycans (GAGs) is an essential process leading to the sequence of events 
resulting in Alzheimer's Disease. As a result, Abeta interaction with GAGs leads to endo-
lysosomal accumulation of GAGs (i.e., Abeta/GAG complex), lysosomal storage and 



indigestibility of GAGs, which subsequently leads to lysosomal dysfunction and nerve cell death, 
ultimately contributing to the development of Alzheimer's Disease. 
We have discovered a new class of planar aromatic amine compounds (Harris et al. (2014) 
Biochim. Biophys. Acta, 1840(1):245), Glycosaminoglycan-Interacting Small Molecules 
(GISMOs), which uniquely targets GAGs, particularly the heparan sulfate GAGs (HS-GAGs). 
We now report identification of GISMOs that inhibit interactions between amyloid-beta (Abeta) 
and HS-GAGs, while having potent biological activity in at least two assays relevant to 
amyloidosis in nerve cells. A set of Abeta/HS-GAG inhibitors, identified by screening in a 
molecular interaction assay, were tested for inhibition of Abeta42 and Abeta40 uptake into 
neuronal SH-SY5Y cells, and a number of inhibitors (>30% Abeta uptake inhibition) were 
identified. Subsequently, 15 compounds were chosen for neuroprotection studies in primary rat 
brain neuronal cultures, against toxic Abeta42 and Abeta40. Five lead compounds displayed very 
good efficacy (>50% reversal of Abeta toxic effects at concentrations as low as 0.1 µM), several 
of which displayed complete reversal of Abeta40-induced LDH release, and Abeta40 and 
Abeta42-induced caspase 3/7 activation. The five lead compounds have acceptable in vitro safety 
(cytotoxicity), selectivity, and other drug-like properties. These lead compounds now enter in 
vivo validation in animal models of Alzheimer's Disease. 
This is the first report of Abeta-HS-GAG inhibitors having significant efficacy in 
neuroprotection against Abeta40 and Abeta42. These results provide in vitro validation for 
Abeta/HS-GAG interaction as a drug target as well as justification for further development of 
GISMO compounds as Alzheimer's Disease therapeutics. GISMOs may also have therapeutic 
potential in other amyloid neurodegenerative diseases associated with amyloid peptides, i.e., 
Parkinson's Disease (α-synuclein), Frontotemporal Dementia and other tauopathies (tau) and 
Amyotrophic Lateral Sclerosis (TDP-43, SOD1). 
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Abstract: Glycosylation with O-linked β-N-acetylglucosamine (O-GlcNAc) is one of the protein 
post-translational modification that regulates various protein activities. In Alzheimer’s disease 
(AD), protein O-GlcNAc level is downregulated. This downregulation causes harmful effects on 
cells, especially neuron. Also, axonal transport deficit occurs in AD. This is up to dysfunction of 
motor and adaptor proteins. Here, we verified that Aβ induced axonal transport deficit was 
recovered by O-GlcNAcase inhibitor (Thiamet-G). Also the axonal transport related protein 
altered O-GlcNAc level in Aβ treated cells, as well as in transgenic mouse model were targeted. 
Site mutation was constructed to silence O-GlcNAcylation on the protein. This construct was 
used for discovering mechanisms of between O-GlcNAcylation downregulation and axonal 
transport deficit in AD. This study discover relationship with O-GlcNAc and axonal transport in 
AD, and it is expected to be support development of specific therapeutic strategy. 
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Abstract: Mutations in the amyloid precursor protein (APP) gene cause early-onset forms of 
Alzheimer’s disease. The APPswe mutation leads to an increased beta-secretase cleavage of 



APP, resulting in higher levels of amyloid-β (Aβ) 40 and Aβ42 in both brain and peripheral 
tissues, such as fibroblasts. The development of gene editing tools such as the clustered regularly 
interspaced short palindromic repeats (CRISPR) system offers novel possibilities to selectively 
target and disrupt alleles with disease-causing mutations through double-stranded breaks and 
mismatch repair. In this study we aimed to use the CRIPSR-Cas9 system to target APPswe in 
order to reduce Aβ levels. Three different APPswe-directed and one APPwt-directed gRNAs 
were designed. Each gRNA was tested individually together with the Cas9 linked to green 
fluorescent protein (GFP) into fibroblasts from two mutation carriers and two non-mutation 
carriers. Transfected (GFP+) cells were separated from non-transfected (GFP-) cells by FACS 
and replated for additional culturing. Upon confluency, the cells were cultured for 48h in serum-
free media before the media was saved for Aβ analysis and cells collected for DNA extraction. 
Sanger and next generation sequencing showed that the respective gRNAs had varying degrees 
of specificity against the APPswe and APPwt alleles, respectively. The longest APPswe gRNA 
(SW1) showed the highest efficacy and almost completely eliminated the mutated allele 
(99.92%) while conserving the wt allele. Moreover, the media from the fibroblasts showed the 
predicted decrease of both Aβ40 and Aβ42, as measured by ELISA. Next, the SW1 APPswe 
gRNA and Cas9 were packaged into separate adeno-associated viruses that were used to co-
transduced primary neuronal cultures from embryos of the Tg2576 APP mouse model. Although 
these transgenic mice carry multiple copies of the APPswe gene, next generation sequencing 
showed that approximately 3-4% of the APPswe alleles were disrupted in the transduced 
neurons. Taken together, our data indicate that the CRISPR-Cas 9 system can be used to 
selectively target an APP mutation causing Alzheimer’s disease and efficiently decrease the 
production of Aβ in cells carrying such a mutation. 
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Title: Novel tricyclic pyrone compounds cp2 and tp70 differentially modulate glutamatmergic 
neurotransmission and synaptic plasticity in the rat hippocampus 
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Abstract: Alzheimer’s disease is associated with abnormalities in several neurotransmitter 
pathways, especially the glutamatergic system. Overactivation of glutamate receptors, 
particularly NMDA, may contribute to neurodegeneration. Memantine, an activity-dependent 
NMDA receptor antagonist with moderate-affinity, produces neuroprotection and has been used 
for the treatment of Alzheimer’s disease. However, in the late stage of the disease, the NMDA 
receptor system is hypoactive and stimulation of the NMDA system may mitigate the cognitive 
decline. In the present study, we have found that the novel tricyclic pyrone compounds CP2 and 
TP70 with similar structures differentially modulated the glutamatergic system. Using 
extracellular recordings of rat hippocampal brain slices, CP2 (1-10µM) inhibited the basal field 
EPSP, blocked the induction and maintenance of long-term potentiation (LTP) induced by high 
frequency stimulation. Both CP2 and memantine (10µM) comparably inhibited the NMDA 
receptor-mediated EPSP in a reversible and activity-dependent manner. In contrast, TP70 (1-
10µM) caused a long-lasting enhancement of the NMDA receptor-mediated EPSP (133.6±9.5% 
of control in 10µM) and increased the magnitude of NMDA-dependent LTP (246.7±20.7% vs 
191.4±17.5% in control) with little effects on basal EPSP predominantly mediated by AMPA 
receptors. Furthermore TP70 restored the Aß-42 oligomer-impaired LTP. Aß-42 oligomer (0.1 
µM) alone decreased the magnitude of LTP (145.3±10.9%), while co-application with TP70, 
LTP (180.1±17.5%) was maintained towards the control level. Interestingly, despite the 
differential modulation on the excitatory neurotransmission and synaptic plasticity, CP2 and 
TP70 each (25mg/kg, p.o. over 3 months of treatment) reduced cerebral amyloid load by 
approximately 30% in Alzheimer’s disease transgenic mouse brains of both 5xFAD and APP-
PS1 revealed by histopathological studies. These results suggest that CP2 may protect against 
excitotoxicity and may potentially be developed as a therapeutic targeting glutamatergic 
hyperactivity to decelerate neurodegeneration. TP70 can stimulate the NMDA receptor system 
and may form the basis for the development of a potential therapy to alleviate the loss of 
memory associated with the dysfunctional glutamatergic system in Alzheimer’s disease. 
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Abstract: Alzheimer's disease (AD) has been emerging as the most prevalent and socially 
disrupting malady of the elderly, with more than 44 million cases worldwide currently 
developing dementia. The molecular determinants underlying the disease onset and progression 
remain poorly understood while existing treatments solely provide a short-lived symptomatic 
relief. Improved understandings of AD etiopathogenesis along with the discovery of disease-
modifying drugs are now the pharmacologic research priorities. Accumulating evidence suggests 
that the persistent endoplasmic reticulum (ER) stress may drive impairments in neuronal 
integrity and function. The ER stress engages a homeostatic signaling network that orchestrates 
various processes - from protein quality control and energy homeostasis to inflammation and cell 
differentiation - to control organelle homeostasis and cell fate. Pharmacological or genetic 
attenuation of ER stress has successfully restored pathological features and behavioral 
impairments of diverse animal models of neurodegenerative disorders, rendering ER stress a 
potent target for therapeutic intervention. Here, we examine whether the glucagon-like peptide 1 
(GLP1) analogue Liraglutide can combat the persistent ER stress in the neuroblastoma SH-SY5Y 
cell line. Chronic treatment with thapsigargin, a non-competitive inhibitor of sarco/ER Ca2+-
ATPase, significantly reduced cell proliferation and impaired 5-bromo-2'-deoxyuridine (BrdU) 
incorporation and 2,3-Bis-(2-methoxy-4-nitro-5-sulphophenyl)-2H-tetrazolium-5-carboxanilide 
(XTT) metabolism in vitro, accompanied by an abnormal increase in lactate dehydrogenase 
(LDH) levels in the culture supernatant, indicating increased cell death. The impairments in cell 
physiology further correlate with an increase in the expression levels of the ER luminal stress 
protein BiP, the apoptosis-related transcription factor Chop and the ER resident caspase 12 
(CASP12). Liraglutide co-treatment alleviates the ER stress-induced impairments in cell 
proliferation and viability and abnormal rise in cytotoxicity. It further attenuates the upregulated 
expression of the ER stress markers BiP, Chop, and CASP12. To conclude, persistent ER stress 
detrimentally affects neuronal cell fate, which can be prevented by Liraglutide. Liraglutide is 
currently in clinical trials in Alzheimer’s patients, and the results presented here and previously 
demonstrate that the drug shows promise to improve disease progression. 
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Abstract: Clinically, Alzheimer's disease (AD) manifests as progressive deterioration in 
memory and cognition; pathologically, these symptoms arise from cytotoxic protein misfolding, 
primarily oligomerization of beta-amyloid (Abeta) and tau. To rationally discover a disease 
modifying drug for AD via exploitation of a druggable target, we devised an in silico 3D 
molecular model designated as CCM (Common Conformational Morphology), where CCM is 
the abnormal protein shape common to both beta-amyloid and tau that predisposes to their 
proteopathic misfolding. Next, a library of 11.8 million compounds was filtered for CNS 
properties and screened in silico against CCM leading to 3,082 hits. Based on these hits, more 
than 620 prototype compounds were synthesized, culminating in the identification of the 
TRV200 class of compounds, which underwent extensive analogue synthesis (>500 analogues) 
to enable structure-activity optimization. The TRV200 class consists of novel, brain-penetrant 
small molecules capable of preventing the sporadic or templated misfolding of monomeric 
proteins, thereby blocking the generation of neurotoxic and synaptotoxic transient oligomeric 
species (OAbeta, Otau). Single compounds within the TRV200 class block oligomerization of 
both Abeta and tau (IC50 < 1 µM) in a dose-dependent manner as exhibited in vitro using biotin-
amyloid and biotin-tau assays. In surface plasmon resonance studies, TRV200 compounds show 
selective binding to monomeric Abeta. Compounds show attenuation of tau misfolding by mass 
spec techniques and are also active in cell-based tau aggregation assays. Compounds exhibit in 
vivo brain bioavailability, engaging/reducing both Abeta and tau targets in transgenic mouse 
models (APP-PS1, Tg4510); e.g., a TRV200 class compound decreases Abeta oligomer 
concentrations within interstitial fluid by 40% within 72 hrs of administration and tau oligomer 



concentrations by 35% within 7 days of oral dosing. These compounds also rescue both synaptic 
function and behavioural deficits in APP-PS1 mice in long-term potentiation, radial arm water 
maze and fear conditioning testing, following 8 weeks of administration (30 mg/kg po od n=13). 
Lead compounds from the TRV200 class demonstrate favourable drug metabolism-
pharmacokinetic (DMPK) properties such as high liver microsome stability and low CYP 
inhibition and induction. The compounds are non-genotoxic and show low off-target promiscuity 
(receptor profiling, protein-protein inhibition, hERG). Thus, we have developed a new class of 
drug-like, orally bioavailable, brain-penetrant small molecules capable of simultaneously 
inhibiting both Abeta and tau oligomerization. 
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Abstract: Aging is the greatest risk factor for AD yet its molecular mechanisms are not well 
understood. One clue we have been pursuing is that excessive cellular senescence correlates with 
premature aging phenotypes. For example, both neurofibrillary tangles and neuritic components 
of the plaques of AD patients show strong immunoreactivity for markers of senescence such as 
p16(INK4A). Our preliminary findings in human AD and related mouse materials revealed 
substantial number of neurons show signs of p53-mediated senescence triggered by aberrant 
p25/β-catenin stabilization. These senescent neurons have lost significant number of neurites, but 
are functionally “undead” and in this state they are capable of triggering apoptosis in nearby, 
otherwise healthy, neurons. An additional major correlate of the aging process is altered 
metabolic regulation. Here again there is a p53 connection as sustained stabilization of p53 
impedes the usage of glucose by suppressing glycolysis, and at the same time enhances the usage 
of glutamine thus sustaining TCA cycle intermediates and glutathione synthesis in senescent 
neurons. These changes reshape the metabolic microenvironment, depleting the availability of 
glutamine for the bystander neurons, and rendering them hypersensitive to different types of 
stress. Further, pharmacological inhibition of p53, or supplementation of glutamine, prevented 
the bystander killing triggered by senescent neurons. Together, our observations suggest that 
p53-stabilization induces neuronal senescence and bystander apoptosis by modulating the 
metabolic microenvironment in the brain. The larger implication of these findings is that 
pharmacological inhibition of nuclear p53 activities and glutamine supplementation may benefit 
to the treatment of AD. 
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Abstract: Alzheimer’s Disease (AD), the sixth leading cause of death in the US, is the most 
common form of age-associated dementia, accompanied by synaptic loss at early stages, and 
neuronal death at late stages of the disease. Oligomeric aggregates are considered to be the most 
toxic species of the two hallmark misfolded proteins in AD, amyloid beta (Abeta) and tau, 
capable of targeting and disrupting synapse and thus driving cognitive decay. However, certain 
individuals (here referred to as Non-Demented with Alzheimer’s Neuropathology - NDAN) are 
capable to withstand the toxicity caused by Abeta and tau, and thus preserve cognitive 
competency despite the presence of AD neuropathology. Understanding the involved 
mechanism(s) would reveal new, effective treatment targets. We have previously shown that the 
post-synaptic density (PSD) of NDAN subjects is capable of rejecting Abeta, thus shielding 
synapses from its toxicity and, therefore, preserving cognitive ability. We have now completed 
the proteomics analysis of PSD fractions of hippocampi of control, AD and NDAN subjects and 
found that 31 unique proteins are significantly different between AD and NDAN PSDs. 
Ingenuity pathway analysis (IPA) was then performed to determine the canonical pathways, 
interactions among networks and upstream regulators. Several microRNAs were identified by 
IPA as potential drivers of the changes we have observed at the PSDs. Among these, we 
confirmed that microRNA-485, -4723 and -149 are differentially expressed in AD vs control and 
NDAN brains. Specifically, microRNA-485 and -149 are upregulated in AD, while microRNA-
4723 is inhibited. Therefore, we hypothesize that changes in microRNA have an important role 
in either synapse protection or sensitization to Abeta binding. In order to test our hypothesis, we 
used a cellular model (differentiated SH-SY5Y cells) to determine if modulation of such 
microRNA had an effect on the ability of Abeta to associate with synaptic elements. SH-SY5Y 
cells were transfected with miRNA-4723 mimic and microRNA-485 inhibitor, and then treated 
with HiLyte Fluor 647-labeled Abeta oligomers. Abeta binding was evaluated using flow 
cytometry. Taken together, our findings suggest that there is a unique regulation of microRNA in 
NDAN which could be responsible for protection of synapses from Abeta toxicity, thus 
contributing to retention of cognitive ability. 
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Abstract: A key aspect of our discovery platform for novel in vivo probes and drug candidates is 
the use of informatics and curated databases of small molecules with in vivo CNS data in 
animals or humans as well as in vitro molecular property profiling. The limited number of small 
molecules falling within this in vivo relevant molecular space provides a filter for initial 
synthetic chemistry efforts. Pharmacological screens on initial compounds provide an additional, 
project-specific filter for recursive medicinal chemistry refinement. The decision tree terminates 
non-essential synthetic efforts and focuses on optimization in single target and functional 
discovery. Functional approach deliverables are now in the investigational new drug (IND) 
enabling or early clinical stage for Alzheimer’s (AD) and brain injury. The case study presented 
here is for the established but technically challenging p38aMAPK target. Briefly, we exploited 
the CNS scaffold aminoarylpyridazine, a viable molecular fragment (PDB 4ZTH). Our 
experimental approach used high-resolution crystallography of small molecule-kinase complexes 
and safety pharmacology screens. The first compound synthesized and tested, MW069a (PDB 
4EWQ), had a promising in vitro and in vivo profile but lacked the desired kinase specificity and 
safety pharmacology potential. Med chem refinement delivered second generation in vivo probes 
(MW108, PDB 4F9W ; MW181, PDB 4F9Y) with the desired isoform selectivity and improved 
safety potential. At this stage we also needed to use the platform to address and revise prevailing 
dogma about active site targeting of PK inhibitors. Pharmacokinetic optimization and safety 
pharmacology drove the final stage of med chem optimization that yielded MW150 (PDB 
4R3C). MW150 is an isoform selective p38aMAPK inhibitor candidate with excellent in vivo 
exposure and safety in preclinical drug development. A regulatory compatible drug production 
scheme is available. Efficacy in AD models and an autism susceptibility model, combined with 
target engagement and pharmacodynamic marker analyses, document the MW150 potential as a 
candidate for development. The results address the translational gap between the knowledge that 
PKs are critical players in CNS disease progression and the unmet need for highly selective and 
CNS-active PK inhibitors that are viable candidates for future clinical drug development. 
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Abstract: Maintaining and even improving cognitive function in early Alzheimer’ disease (AD) 
is a major goal of modern medicine. However, no effective treatments for cognitive decline 
currently exist. Because it is generally accepted that cognitive decline is due to synaptic 
dysfunction, the initial evaluation of therapeutics is commonly based on the analysis of long-
term potentiation (LTP), a cellular correlate of learning and memory. Phosphodiesterases 
inhibitors (PDEi), which prevent the breakdown of second messengers cAMP and cGMP, 
represent a potential treatment strategy for memory decline and have been recognized as 
therapeutic targets for cognitive improvement and AD. Here we use our novel method to track 
chemically-induced LTP in isolated synaptosomes ('Fluorescence Analysis of Single-Synapse 
Long-Term Potentiation', FASS-LTP) for drug evaluation in cryopreserved brain samples from 
AD cases. We simultaneously tested 7 selective PDEi. In parallel, we tested forskolin (adenylyl 
cyclase activator, ACactiv) and a novel guanylyl cyclase activator (GCactiv), as well as functionally 
relevant combinations of PDEi with ACactiv or GCactiv. Thus, a total of 18 treatments were 
simultaneously tested on basal conditions and after cLTP. We found that, when combined with 
GCactiv, inhibition of cGMP-specific PDEi rescued cLTP in synaptosomes from AD cases (P < 
0.05). Basal levels of potentiated synapses were not affected by any drug treatment. These data 



show that FASS-LTP is a sensitive and efficient approach for drug screening in human synapses, 
a previously unattainable goal. Notably, a molecular target were discovered to be the cGMP 
signaling pathway, suggesting that synaptic plasticity in the AD brain may be rescued by cGMP-
specific PDEi. 
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Abstract: Soluble amyloid-beta (Aβ) oligomers, also known as Aβ-derived diffusible ligands 
(ADDLs), are thought to be the key pathogenic factor in Alzheimer's disease (AD). But there is 
still no effective treatment for preventing or reversing the progression of the disease. Targeting 
N-methyl-D-aspartic acid (NMDA) receptors trafficking and its regulation is a new strategy for 
AD early treatment. Aβ oligomers have been found to bind to the fibronectin type III repeats 
(FN) domain of EphB2 to trigger EphB2 degradation, thereby impairing the normal functioning 
of NMDA receptors and resulting in cognitive deficits. Here, we identified for the first time the 



interaction sites of the EphB2 FN domain with ADDLs by applying peptide array method, based 
on which to design and synthesize four candidate peptides (Pep21, Pep25, Pep32 and Pep63) that 
might be able to block EphB2-ADDLs interaction. Among them, Pep63 was screened out to be 
the most effectively one to inhibit the binding between EphB2 and ADDLs. We found that Pep63 
not only rescued the ADDLs-induced depletion of EphB2 and GluN2B-containing NMDA 
receptors from the neuronal surface in cultured hippocampal neurons, but also improved 
impaired memory deficits in APPswe/PS1dE9 (APP/PS1) transgenic mice as well as the 
phosphorylation and surface expression of GluN2B-containing NMDA. Together, these results 
suggest that blocking the EphB2-ADDLs interaction by small interfering peptides may be a 
promising strategy for AD treatment. Acknowledgements: This work was supported by the 
National Natural Science Foundation of China (Grant No. 81273489, 81471101, and 81300930), 
the Natural Science Foundation of Jiangsu Province (Grant No. BK2012582 and BK20130232), 
the Education Department of Jiangsu Province (Grant No. 12KJA180008 and 14KJB320025), 
and the Qing Lan Project of Jiangsu Province. 
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Abstract: Stress is regarded as one of the critical risk factors for neurodegeneration leading to 
learning and memory deficits. Although several researchers have reported that mild stress could 
enhance cognitive functions, its underlying molecular mechanisms are not clearly verified. In 
this study we have investigated the effect of mild restraint stress (MRS) for 28 days (4h/day) 
against the learning and memory dysfunction in aged model mice as well as triple transgenic 



model mice of Alzheimer's disease (3xTg AD) by conducting diverse behavior tests and 
molecular analyses. MRS improved mean escape latency, the time taken to find the platform 
during training trials in Morris water-maze test. In addition, the neuropathological markers for 
AD such as accumulation of beta-amyloid peptide and hyperphosphorylation of tau protein were 
mitigated by MRS. MRS effectively decreased ratio of pro-apoptotic Bax to anti-apoptotic Bcl-2, 
the representative proteins involved in apoptosis. To elucidate the neuroprotective mechanism of 
MRS, we have examined the molecules involved in the oxidative stress and inflammation. MRS 
attenuated the lipid peroxidation and protein oxidation through up-regulation of antioxidant 
enzymes via modulating redox-sensitive proteins such as NF-E2-related factor 2 (Nrf2) and 
p66(Shc). MRS also attenuated the pro-inflammatory responses by suppressing expression of 
cytokines such as TNF-α in aged mice. Moreover, MRS increased the expression of brain-
derived neurotrophic factor by phosphorylation of cAMP response element-binding protein in 
3xTg AD mice. Taken together, these findings suggest that MRS may have beneficial effects for 
the learning and memory impairments during neurodegenerative process by decreasing 
neuropathological markers of AD and oxidative stress as well as inflammatory responses, and 
increasing neurotrophic factors of regeneration. 
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Abstract: Object recognition evaluates declarative-like memory in rodents and is sensitive to 
cognitive deficits in transgenic mouse models of Alzheimer’s disease (AD). Object recognition, 
however, is not a unitary process, and there are many uncharacterized facets of object processing 
that have relevance to AD. To elucidate the specific nature of object processing deficits in 
transgenic mouse models of AD, we are systematically evaluating performance on tasks that 
manipulate different types of object information: object identity (ie., object recognition per se: 
OR), spatial processing (object location; OL), temporal processing (temporal order; TO), and 
multisensory perceptual integration (multisensory object oddity; MSO) in 12-month-old male 
and female 3xTG, 5xFAD and APP/PS1 mice. Preliminary results are consistent with a 
multifaceted impairment in object processing. Specifically, 3xTG males were impaired on open-
field OR when the retention delay was 5min or 3h, whereas females were selectively impaired at 
3h. However, when spatial and contextual cues were minimized, using a modified Y-apparatus, 
both 3xTG males and females had intact OR at 5min. Conversely, 5xFAD males were impaired 
on open-field OR at 5min and 3h, but selectively impaired at 3h on Y-apparatus OR, whereas 
5xFAD females were impaired on open-field and Y-apparatus OR at 5min and 3h. OL was 
impaired in 3xTG males, females and 5xFAD females at 5min and 3h. TO was impaired in 3xTG 
females at 3min. MSO was impaired in 3xTG males, females and 5xFAD females, despite intact 
basic visual and tactile object perception. Our results reveal dissociations across transgenic AD 
strains, sex, and type of object information processing, and should ultimately help to clarify the 
relationship between specific aspects of AD pathology and “object recognition” impairment. 
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Abstract: Postoperative cognitive dysfunction (POCD) occurs more frequently in the elderly 
and has characteristics in common with other neurodegenerative diseases such as Alzheimer’s 
Disease (AD). Neuroinflammation and abnormal tau protein phosphorylation or mislocation is 
known to be strongly associated with development of AD. Cholinergic system manipulation has 
been considered a potential strategy in the treatment of this disease. This study investigates the 
contribution of surgical trauma to and the effect of the cholinergic agonist varenicline on the 
development of POCD. Aged male C57BL/6N mice (18-month-old, 40.86 ± 5.54 g) were 
divided into control (CON), sevoflurane only (SEVO) and laparotomy (LAP) groups, all three 
groups either treated with vehicle (normal saline) or varenicline, which was administrated orally 
and daily from one day before treatments continuously for 13 days. Cognitive function was 
assessed by Novel Objective Recognition test (NOR) and Y-maze analysis, and locomotor 
activity by the Open Field Test (OFT), motor function by Rotarod test on postoperative day 14. 
Inflammatory cytokine mRNA expression from the liver, frontal cortex and hippocampus were 
assessed by q-PCR at 4h postoperatively in three groups. Data were analyzed by One-Way 
ANOVA followed by Turkey’s post hoc test, and p < 0.05 was considered as statistically 
significant. Locomotor activity and motor function were not affected by laparotomy or 
varenicline with no difference found in the frequency of crossing the square and central duration 
in OFT, or in latency to fall in Rotarod test. Cognitive dysfunction was observed in LAP group 
when compared with SEVO group. There was an increase in latency and error number in the Y-
maze test, and a lower discrimination index in NOR. However, these changes were reversed by 
varenicline. Hepatic mRNA levels of IL-1β, TNF-α, IL-6 and MCP-1 were significantly 
increased in LAP group compared with SEVO group. IL-1β, IL-6 and MCP-1 were significantly 
elevated in the hippocampus in LAP group. Immunoflurescent intensity of GFAP-positive 
astrocyte was higher and there was more activated microglia in CA1 and DG regions of the 
hippocampus in LAP group at 14 d postoperation. Varenicline reduced this high level of 
immunoreactivity of astrocyte and microglia. There was significant hyperphosphorylation of tau 
protein (AT8) in both cytosol and nucleus in LAP group. Varenicline decreased tau protein 
phosphorylation in both regions. Neuroinflammation and tau protein hyperphosphorylation may 
play important role in the development of cognitive dysfunction induced by laparotomy and 
varenicline improved cognition by reversing these changes. 
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Abstract: Alzheimer’s disease (AD) is one of the most common types of dementia without 
effective pharmacological treatment. Increasing evidences have shown that physical training 
could counteract the deterioration of cognitive functions in both human and animal models. 
However, the underlying mechanism and the responsible molecule for exercise related 
neuroprotection remain largely unknown. FGF21 is an endogenous metabolic regulator for 
glucose and lipid which is primarily expressed in liver, muscle, adipose tissues and brain. 
Recently, FGF21 has been shown to possess important role in mediating insulin signaling 
activities, neuroprotection and cognition and can be regulated by exercise. In current study, AD 
animals received 1 month endurance training and the effect of exercise on AD was investigated. 
Memory function, insulin signaling activities and tau phosphorylation in brain were examined 
after exercise training. Also, the effect of endurance training on FGF21 gene expression in both 
peripheral organs and brain were also examined. 
For exercise protocol, mice were trained and run on an automatic rotarod instrument for 30 
minute per day and 5 times per week. After 1 month training, memory function was examined by 
novel object recognition test and a modified Y-maze. Insulin signaling activities and tau 
phosphorylation in frontal cortex were examined by Western blotting. Gene expression of 
FGF21 in liver, abdominal adipose tissues, soleus muscle and cortex was examined by real time 
PCR. 
After 1 month endurance training, 3x transgenic mice were shown to improve the cognitive 
performance in novel object recognition test and Y-maze test. Significant improvement of insulin 
signaling activities and decreased tau phosphorylation were observed in frontal cortex of AD 
mice after 1 month endurance training. At the same time, mRNA expression of FGF21 in liver, 
muscle and fat tissues were increased but not in the brain. These results implicated that exercise 
exerted neuroprotection and induced peripheral FGF21 induction in AD animal model. Further 
experiments are needed to confirm the role of exercise induced peripheral FGF21 in terms of 
counteracting AD. 
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Abstract: Upregulation of cyclooxygenase-2 has emerged as an important determinant of the 
cytotoxicity associated with neuroinflammation in Alzheimer’s Disease (AD). Prostaglandins 
(PGs) are major products of cyclooxygenases, but their role in neurodegeneration is poorly 
understood. PGD2 is the most abundant prostaglandin in the brain and increases the most under 
pathological conditions. Specifically, cortical neurons in AD brains were shown to exhibit 
accelerated PGD2 production. PGD2 is unstable and is converted to the highly neurotoxic 
prostaglandin J2 (PGJ2) by spontaneous dehydration. To study the in vivo effects of PGJ2 we 
established a mouse model of neuroinflammation. PGJ2 (16.7ug/2ul/week, for 3 weeks) was 
bilaterally microinfused into the CA1 hippocampal region of old (53 weeks) and young (12 
weeks) mice. Following one week of post-surgery recovery, all mice underwent a 12-day 
training period on the radial 8-arm maze (RAM) to assess spatial learning and memory. Our data 
revealed significant spatial learning and long-term memory deficits in old PGJ2-treated mice, 
compared to the other three groups. Hippocampal Fluoro-Jade C staining identified a significant 
increase in degenerating neurons in the CA3 region of old PGJ2-treated mice, indicating a 
progressive spread of damage from the site of injection to the adjacent sub-region. Golgi-
immunohistochemical analysis identified a significant deficit in the expression of plasticity-
related spine types, stubby and filopodia, within CA1 dendrites of old-PGJ2 treated mice 



compared to the young-PGJ2 condition. This deficit occurred concomitantly with a significant 
increase in colocalization of synaptic markers GluA2/PSD-95 within these spine types, 
indicating a deficit in maturation of spines via disrupted molecular trafficking and turnover. Our 
findings indicate that PGJ2, as a product of inflammation, can initiate neurodegeneration as well 
as facilitate its progression within the hippocampus in an age-dependent manner, thus mimicking 
processes that are highly relevant to AD pathology. We also assessed the efficacy of elevating 
endogenous cAMP as a therapeutic intervention in our model. Accordingly, a group of old mice 
received PGJ2 injections at the same time as PACAP27, a lipophilic neuroprotective peptide that 
raises intracellular cAMP. PACAP27 treatment ameliorated PGJ2-mediated learning and 
memory deficits on the RAM. We propose that this pre-clinical mouse model is highly valuable 
to identify and optimize therapeutics that suppress the neurotoxic effects of inflammation as a 
strategy to prevent or delay the progression of AD. 
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Abstract: Oxidative stress causes tissue damage in a number of models of vascular cognitive 
impairment (VCI) and in age-related Alzheimer’s disease (AD). We have developed a novel 
oxidative stress-based mouse model of age-related cognitive impairment based on gene deletion 
of aldehyde dehydrogenase 2 (ALDH2). ALDH2 is important for the detoxification of 
endogenous aldehydes such as 4-hydroxynonenal (HNE), a lipid peroxidation product formed 
during oxidative stress that can form protein adducts, altering cell function. Aldh2-/- mice exhibit 
oxidative stress, and many VCI- and AD-like pathologies including a progressive decline in 
recognition and spatial memory, increased anxiety- and depressive-like pathologies, aortic 



endothelial dysfunction and arterial hypercontractility, HNE adduct formation and age-related 
increases in amyloid-β (Aβ) in cerebral microvessels, and a loss of blood-brain barrier integrity 
and cerebral vascular microbleeds. In contrast to AD, VCI has been characterized by early and 
significant declines in attention and executive function, a term that encompasses a broad range of 
higher cognitive processes such as: reasoning, planning, cognitive flexibility, sequencing, 
response inhibition, and abstract concept formation. In order to further evaluate Aldh2-/- mice as 
a possible model of VCI, attention and executive dysfunction was assessed using the attentional 
set-shifting task. Cerebrovascular function was also examined using laser Doppler flowmetry, 
and systolic and diastolic abnormalities of the heart were assessed to determine correlations 
between cerebrovascular flow and brain pathologies. Further validation of Aldh2-/- mice as an 
oxidative stress-based animal model of cognitive impairment and age-related VCI will 
complement current rodent models and will allow greater insight into the pathogenesis and 
mechanisms of VCI. 
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Abstract: The CVN mouse model of Alzheimer’s disease (AD) is characterized by extensive 
amyloid deposition, expression of hyperphosphorylated tau, and significant neuronal loss. 
Twelve-month-old CVN mice exhibit impaired spatial memory, as gauged by their inferior 
performance in the 2-day radial-arm water maze test compared to wild-type (WT) animals. 
However, their behavior in more translational cognitive tasks has not been thoroughly 
investigated. We assessed learning and cognitive flexibility of 5-6-month-old CVN mice and 
their age-matched WT counterparts in a touch screen Visual Discrimination/Reversal (VDR) 
task, where animals have to learn which one of the two simultaneously displayed stimuli is 



correct and subsequently re-learn upon a switch of contingencies. There was no effect of 
genotype on the number of sessions required to complete instrumental pretraining. Furthermore, 
CVN and WT animals did not differ in the rate of VD acquisition in terms of the number of days 
to achieve criterion, number of trials completed, number of errors made, and number of received 
correction trials (P < 0.05 in all comparisons, Mann-Whitney test). However, after the 
contingency of reward dispensation was switched from the previously correct to previously 
incorrect stimulus response, CVN mice displayed impaired reversal learning. Analysis of 
response accuracy across 12 sessions revealed a significant effect of genotype (F(1,27) = 10.9, P 
= 0.0027) and session (F(11,297) = 62.83, P < 0.0001), but no significant interaction between 
these two factors (F(11,297) = 0.92, P = 0.519). Furthermore, CVN mice made significantly 
more errors and received a significantly higher number of correction trials during the 12 reversal 
sessions. As reversal learning depends on the integrity of prefrontal cortex, we analyzed the 
metabolic profile in this brain region by 1H magnetic resonance spectroscopy (1H-MRS) using a 
11.7 T small animal MRI system. We observed lower levels of the neuronal marker N-acetyl 
aspartate and glutamate in the brain of CVN mice, whereas myo-inositol concentration was 
increased. We have previously detected similar changes in the hippocampus of 12-month CVN 
animals. Furthermore, changes in these metabolites are qualitatively similar to alterations seen in 
the brain of AD patients. Our results suggest that highly translatable touch screen tests 
sensitively detect cognitive consequences of AD-like pathology in the brain of relatively young 
CVN mice. Furthermore, our data indicate that in addition to previously documented 
hippocampal disturbances, some behavioral impairments in this AD model may be explained by 
dysfunction of the prefrontal cortex. 
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Title: Fus1 KO female mice have olfactory, spatial and association memory impairments and 
sleep/awake cycle disturbances in adult age: a new model for sAD 
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Abstract: Aging is a complex biological process in humans characterized by a progressive 
impairment of sensory function, motor skills and cognition over time. Mitochondrial dysfunction 
has been proposed to play a critical role in the aging process, in which overproduction of reactive 
oxygen species (ROS) induces oxidative damage to cellular macromolecules. Hence, 
mitochondrial dysfunction has been implicated in chronic and neurodegenerative-disorders such 
as sporadic Alzheimer’s disease (sAD). Fus1/Tusc2 is a mitochondrial tumor suppressor protein 
regulating numerous mitochondrial activities. Fus1 knockout (KO) in mice results in increased 
ROS production, mitochondrial dysfunction, chronic inflammation and premature aging. Our 
group has previously demonstrated that 10 months old (mo.) Fus1 KO female mice showed 
olfactory dysfunctions in the habituation-dishabituation test and also in the long term memory 
digging test. Here, we show that Fus1 KO mice is a novel useful animal model for studying 
accelerated aging. We tested if the Fus1 KO mouse model shows AD related symptoms early in 
life including olfactory deficits, reference and working memory decline, circadian disruptions, 
depression and anxiety. We tested female adult Fus1 KO (n=23) and the WT background 129sv 
(n=14) mice starting from 4 mo. over a 3 month period. Animals were tested for the following 
behavioral tests: olfactory habituation/dishabituation, short- and long-term memory (all incl. 
sniffing), hidden cookie, open field, light-dark box, passive avoidance, reduced-stress Morris 
water maze, circadian sleep/awake cycle, nesting and sucrose preference test. All data were 
objectively scored using Noldus video analysis. Our data suggests that Fus1 KO mice did not 
habituate to social odor (urine) over minutes to hours. They did not improve their latency in 
finding the hidden cookie. In the Morris water maze KO mice did not learn the location of the 
platform (training session) and did not improve their behavior by the fifth day (testing day). In 
the light-dark box test, Fus1 KO mice spent more time switching between boxes in comparison 
with their WT counterparts and showed shorter latency in passive avoidance test. The KO mice 
slept longer in the dark cycle as compared to WT mice. Fus1 KO mice did not show depression 
or coherent anxiety symptoms. These findings support the hypothesis that mitochondrial 
dysfunction in Fus1 KO mice negatively affects cognition and other functions that parallels sAD. 
Thus, Fus1 KO mice is a useful model for studying aging and aging-associated disorders such as 
AD characterized by memory decline and increased ROS production. 
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Abstract: Mutations in the amyloid precursor protein or presenilin genes are known to cause 
familial Alzheimer’s disease (FAD). However, there is a wide variation in the age at onset 
(AAO) of FAD, suggesting additional genes are involved in determining when a patient will 
develop disease. Uncovering genetic modifiers of the AAO of FAD is of critical importance, as 
even delaying the onset of symptoms by 5-10 years would significantly reduce the human burden 
and costs associated with FAD. In order to systematically identify these modifiers, we generated 
a novel panel of genetically diverse mice harboring five causal FAD mutations in APP and 
PSEN1 (5XFAD transgene). We have phenotyped this panel, termed the AD-BXDs, across the 
lifespan and have found that the genetic background of each individual strain has a profound 
effect on the penetrance of FAD mutations on cognitive traits. Specifically, the AAO of spatial 
working memory deficits varied widely, ranging from 4 months of age (susceptible strains) to 
greater than 16 months of age (resilient strains). This translates to approximately 26-60+ years of 
age in humans, a time frame consistent with the variation in AAO recently observed in human 
FAD patients (Lee et. al. 2015). In addition, the severity of long-term contextual fear memory 
deficits at 14 months of age varied, with resilient strains performing on-par with 6-month-old 
controls while susceptible strains exhibited almost complete memory failure. Through genetic 
interval mapping, two significant quantitative trait loci containing gene variants that modify 
AAO and severity of memory deficits were identified. Positional candidates were involved in 
functions including neuronal nitric oxide signaling and regulation of immune response, providing 
a novel list of genes that may be effectively targeted to delay the onset of AD. Current work in 
the lab is aimed at validating a functional role for our top candidates through gain and loss of 
function studies using viral-mediated gene therapy and genome editing technologies. Since 
recent work by Lee and colleagues suggest genetic modifiers of AAO in FAD families also 



influence AAO in sporadic late-onset AD (LOAD) cases, we hypothesized that genetic modifiers 
identified here would influence the development of LOAD in human populations. In support, we 
have identified variants in four of our leading candidates that were significantly associated with 
LOAD using the TGen2 cohort. Overall, results here are poised to significantly advance our 
understanding of how individual genetic variation contributes to susceptibility to multiple forms 
of AD, and demonstrate the utility of the AD-BXD panel as a novel resource for the study of AD 
genetics. 
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Abstract: Alzheimer’s disease, the most common form of dementia in the elderly, often presents 
with a wide range of non-cognitive comorbidities, including physical frailty, weight loss, and 
blood glucose regulation (i.e., diabetes). Although a majority of AD research focuses on the 
neurobiological mechanisms underlying the cognitive deficits seen in AD, these non-cognitive 
symptoms are often a considerable source of burden for both patients and their caregivers and 
can drastically affect quality of life. There is evidence that the development of non-cognitive 
symptoms can be influenced by an individual’s genetic makeup, so the identification of precise 
genes involved is critical both for understanding disease pathophysiology and developing 
therapeutics to treat symptoms. Our lab recently generated a novel panel of genetically diverse 
mice harboring five causal mutations in APP and PSEN1 (5XFAD transgene), termed the AD-
BXD panel, and has demonstrated that genetic background significantly modulates the 
penetrance of FAD mutations on cognitive symptoms. We hypothesized that genetic background 
would also modulate non-cognitive symptoms associated with FAD, so in order to systematically 



identify modifier genes, we comprehensively phenotyped AD-BXD mice across the lifespan for 
a number of non-cognitive traits. Overall, 5XFAD mice exhibited a more severe sensorimotor 
decline from 6 months of age to 14 months of age and gained less weight then their non-
transgenic (Ntg) littermates, reminiscent of the increased physical frailty observed in human AD 
patients. In addition, 5XFAD mice exhibited a significant decrease in blood glucose levels from 
6 months of age to 14 months of age, suggesting an inability to maintain glucose levels. 
However, the extent of each of these effects was modulated by strain background. Genetic 
interval mapping identified quantitative trait loci associated with sensorimotor decline, weight 
curve across the lifespan, and blood glucose levels at 6 months of age, providing a novel list of 
candidate genes that can potentially be targeted to treat non-cognitive comorbidities associated 
with FAD. Recent work by Lee and colleagues (2015) has demonstrated that genetic modifiers of 
the age at onset of FAD also influence the age at onset of sporadic late-onset AD (LOAD), so it 
reasonable to speculate that genetic modifiers identified here may also influence the development 
of non-cognitive symptoms associated with LOAD. Overall, results here provide insight into 
additional symptoms associated with Alzheimer’s and are poised to provide a more complete 
understanding of the genetics of multiple types of AD. 
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Abstract: Normal pressure hydrocephalus (NPH) is a cerebrospinal fluid (CSF) disorder 
resulting from abnormal CSF circulation and its accumulation in the ventricles of the brain. The 
accumulation of CSF results in enlarged ventricles (ventriculomegaly) and damage to 



surrounding brain tissue. NPH patients exhibit cognitive and motor deficits (reviewed in 
Peterson et al. 2016). Cognitive signs include impairments of memory, attention, and executive 
function. Motor deficits include alterations in gait. Although these deficits are well documented 
in NPH patients, there are limited studies addressing the cognitive impairments in animal models 
of NPH. Previously, the rat kaolin model of adult NPH was shown to cause significant 
ventriculomegaly and associated brain pathology involving hippocampal structures (Klinge et al, 
2003). In the present study, we employed this rat kaolin model to examine the cognitive 
impairments associated with the disease. 
The major goal of the study was to identify a memory task that was sensitive to the kaolin 
procedure and that was suitable for tracking the emergence of memory deficits during the 
development of NPH. Thus, we selected a recognition memory task that permits repeated testing, 
the 3-dimensional spontaneous object recognition (SOR) task. The SOR task has become the 
preferred experimental paradigm to investigate neurobiological mechanisms of recognition 
memory in rodents (Ennaceur and Delacour, 1988). In a pilot behavioral study, we compared the 
performance of 3 control rats with 6 NPH rats on the SOR task at 2, 4, and 6 weeks after the 
kaolin procedure. Control rats showed normal recognition memory at all time points by 
exploring the novel object more that the familiar object. This was evident in a positive 
discrimination ratio (DR) significantly greater than zero. DRs near zero indicate impairment in 
recognition memory evident in the lack of preference for the novel object. NPH rats showed 
significantly positive DRs at 2 weeks, but at 4 and 6 weeks DRs were not significantly different 
from zero indicating deficits in recognition memory. Further confirming the model, NPH rats 
showed impairments in gait evident in a shorter stride length and a wider base of support 
compared with control animals. In future experiments, we will employ versions of the SOR task 
that are sensitive to pathology in the hippocampus, parahippocampal, and prefrontal cortices 
(Ameen-Ali et al., 2015), regions known to be affected in NPH. 
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Abstract: Patients with Alzheimer’s disease (AD), a common dementia among the aging 
population, often also suffer from depression. This comorbidity is poorly understood. Although 
most forms of AD are not genetically inherited, we have identified a new human mutation in the 
carboxypeptidase (CPE)/neurotrophic factor-α1 (NF-α1) gene from an AD patient that caused 
memory deficit and depressive-like behavior in transgenic mice. This mutation consists of three 
adenosine inserts, introducing 9 amino acids, including 2 glutamines into the mutant protein, 
herein called CPE-QQ. Expression of CPE-QQ in Neuro2a cells demonstrated that it was not 
secreted, but accumulated in the endoplasmic reticulum and was subsequently degraded by 
proteasomes. Overexpression of CPE-QQ in rat hippocampal neurons resulted in cell death, 
through increased ER stress and decreased expression of pro-survival protein, BCL-2. 
Transgenic mice overexpressing CPE-QQ did not show difference in the processing enzyme 
activity of CPE compared with wild type mice. However, the transgenic mice exhibited poor 
memory, depressive-like behavior, severely decreased neurites in the hippocampal CA3 region 
and medial prefrontal cortex indicative of neurodegeneration, hyperphosphorylation of tau at 
Ser396, and diminished neurogenesis in the dentate gyrus at 50 week old. All these pathologies 
are associated with AD and the latter with depression. Interestingly, the younger CPE-QQ mice 
(11 week old) did not show deficits in neurite outgrowth and neurogenesis. This study has 
uncovered a human CPE/NF-α1 gene mutation that could lead to comorbidity of dementia and 
depression, emphasizing importance of this gene in cognitive function. 
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Abstract: Improved healthcare comes with a cost of increased prevalence of dementia as the 
population ages. Alzheimer’s disease is the most prevalent cause of dementia in elderly people 
(2). To study the neuropathology resembling Alzheimer’s disease in laboratory animals, 
intracerebroventricular (ICV) streptozotocin (STZ) injection is a commonly used method which 
engenders several pivotal molecular traits of this malady such as oxidative stress, 
neuroinflammation, amyloid plaque formation, and tauopathy (3). In the present study, we 
evaluated recognition memory in ICV STZ-injected Wistar albino rats by using a novel object 
recognition task which enables estimation of global (concurrently cortical and hippocampal) 
short-term and long-term memory as well as the memory retention. To this aim, two groups (n=8 
in each) of animals received either artificial cerebrospinal fluid or STZ (3 mg/kg). Two weeks 
after this intervention, the recognition test, comprising a habituation phase, in which animals are 
left to move freely for 5 minutes, and 3 diverse 5-minute-long test phases as familiarization, 
short-term memory, and long-term memory, was performed. Data were analyzed by two-tailed 
Student’s t-test and p<0.05 was considered significant. Two identical objects were used in the 
familiarization phase, and no place preference was observed (p>0.05). One of the objects was 
changed with the novel object after one hour (short-term phase). ICV STZ-injected rats displayed 
significantly less exploratory behavior around the novel object than the controls (t=6.99, df=14, 
p<0.01) which indicates impaired short-term memory. Twenty-four hour after the 
familiarization, in the long-term memory phase, the familiar object was placed onto the other 
location and a different novel object was put on the previously familiar location to eliminate 
spatial cues. Interestingly, there was no statistical significance between the animals in this phase 
(p>0.05). According to these results, we assume that ICV STZ administration did not disrupt 
memory acquisition (working memory in other words) that is interpreted by preserved long-term 
memory, but it devastated short-term memory retention. However, this finding seems to be 
related to a difficulty of memory recall rather than of short-term memory storage. 
References: 
1-Antunes M & Biala G. (2011). The novel object recognition memory: neurobiology, test 
procedure, and its modifications. Cogn Process, 13(2), 93-110. DOI: 10.1007/s10339-011-0430-
z 
2-Ferencz B & Gerritsen L. (2015). Genetics and Underlying Pathology of Dementia. 
Neuropsychol Rev, 25(1), 113-124. DOI: 10.1007/s11065-014-9276-3 
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Abstract: Introduction: We have demonstrated that neuroinflammation following surgery 
produced cognitive decline in previous studies (1-4). Furthermore, we have identified 
deficiencies in the resolution of inflammation induced by aseptic trauma in the rat model of 
metabolic syndrome (5,6). In this study we would like to investigate whether surgery could cause 
exaggerated postoperative cognitive decline in high fat diet induced obese (DIO) mice Methods: 
Young mice (5-6 weeks old) were fed with high fat diet or control diet for 8 weeks before 
surgery (tibial fracture) till sacrifice. For the behavioral study, trace fear conditioning (TFC) 
training was performed 30 minutes before surgery, and TFC testing was performed on the 3rd day 
postoperatively. Mice were sacrificed 3 days postoperatively, plasma and hippocampus were 
harvested for detecting LXA4 and LTB4, and neuroinflammation, respectively. Results: 
Postoperative cognitive decline was exaggerated in DIO mice. High fat diet induced much high 
neuroinflammatory response to surgery and decreased systemic LXA4 level. Discussion: The 
neuroinflammatory and cognitive responses to peripheral surgery are exaggerated in DIO mice. 
DIO mice may be a useful preclinical model in which to investigate therapeutic strategies to 
prevent and/or ameliorate exaggerated postoperative cognitive decline and other postoperative 
complications in which inflammation fails to resolve. 
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Abstract: Midkine (MK) is a cytokine with important functions in inflammatory processes in 
peripheral organs in different pathological conditions. Despite amphetamine-induced striatal 
astrogliosis, a hallmark of this drug’s neurotoxic effects, is increased in MK knockout (MK-/-) 
mice, the possible role of MK in neuroinflammation is not yet fully understood. To fill this gap, 
we have studied astrogliosis and microglia activation induced by amphetamine in MK-/- and 
wild type (WT) mice. Animals received 4 injections (i.p.) of amphetamine (10 mg/kg) or saline 
(control, 10 ml/kg), allowing between injections a 2 hour interval. Four days after last 
amphetamine injection, astroglia and microglia were examined in immunohistochemistry studies 
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using antibodies against GFAP and Iba-1, respectively. We found that amphetamine-induced 
microglial response and astrocytosis are significantly enhanced in the striatum of MK-/- mice. 
This counteractive effect of MK against amphetamine striatal gliosis seems to be region-specific 
since it is not observed in the hippocampus. To test the possibility that MK regulates 
microgliosis and astrocytosis independently of the inflammatory stimulus, we assessed the 
effects of lipopolysaccharide (LPS, 0.5 mg/kg, i.p.) in MK-/- and WT mice. Surprisingly, LPS-
induced striatal astrogliosis was blocked by genetic inactivation of MK, suggesting a differential 
regulation of astrocytosis by MK depending on the inflammatory stimulus. Since early onset of 
amphetamine-type drugs abuse is associated with a wide range of adverse outcomes in adulthood 
including cognitive deficits, we also tested long term effects of periadolescent amphetamine 
treatment (3 mg/kg i.p., daily during 10 days) in a memory task in MK-/- and WT mice. Within 
two weeks after cessation of treatment, significant deficits in the Y-maze test were only observed 
in amphetamine-pretreated MK-/- mice. However, 26 days after last administration we did not 
find significant differences between genotypes. The data presented here demonstrate for the first 
time that MK is an important modulator of amphetamine-induced striatal neuroinflammation. 
The data also suggest that the modulatory effects of MK in neuroinflammation depend on the 
inflammatory stimulus and the brain area considered. In addition, our data demonstrate that 
periadolescent amphetamine treatment in mice results in transient disruption of learning and 
memory processes in absence of endogenous MK. 
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Abstract: Present epidemiologic findings indicate that dyslipidemia is associated with 
accelerated onset and progression of neuronal degeneration and cognitive impairment. Abnormal 
lipids, in particular electronegative very low density lipoprotein (VLDL), which circulates 
abundantly in the plasma of patients with the metabolic syndrome (MetS), is toxic to 
microvascular endothelial cells. We hypothesize that plasma VLDL from MetS patients (MetS-
VLDL) plays a role in neurodegeneration by eliciting inflammation and damage of the neuronal 
tissue. To test the hypothesis, MetS-VLDL and VLDL isolated from normal control subjects 
(nVLDL) were used in both in vitro and in vivo settings. 
In primary microglial cultures, addition of MetS-VLDL but not nVLDL (both 5 µg/mL) induced 
significant TNF-α secretion and microglial activation within 24 hours. In wild-type B6 mice, 
daily tail-vein injections of nVLDL or MetS-VLDL (15 µg/g/3 times/week) induced significant 
cognitive dysfunction in 6 weeks, as evaluated by Y-Maze task (n=12, P=0.027). In medial 
prefrontal cortex brain sections, mild to moderate microglial activation was found in both 
nVLDL (118%, P=0.053) and MetVLDL (135%, P<0.0001) groups, compared with saline 
treatment. Moreover, the number of activated macrophages adjacent to brain microvessels was 
increased mildly by nVLDL (120%, P<0.05) and MetS-VLDL (171%, P<0.0001). These data 
suggest that long-term exposure to excessive human VLDL can induce perivascular microglial 
inflammation associated with concomitant cognitive dysfunction in mice. MetS-VLDL, which is 
rich in electronegative VLDL subfractions, exacerbates the pathological changes of neuronal 
inflammation. Our findings provide new insights into the link between lipid abnormality and 
neurodegeneration. 
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Title: Synergistic effects of BDNF-TrkB and Norepinephrine signaling in treating cognitive 
dysfunction in a mouse model of Down syndrome 
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Abstract: Down syndrome (DS) or trisomy of human chromosome 21, affects around 400,000 
individuals in the US. In addition to varying degrees of learning disability, all adults with DS 
will develop Alzheimer’s disease (AD)-related pathology by the age of 40 years. This makes DS 
a good model to study molecular mechanisms of cognitive dysfunctions in AD. Previously, we 
provided evidence that increasing brain norepinephrine (NE) levels and/or improving β2 
adrenergic signaling can restore cognitive function in the Ts65Dn mouse model of DS. 
Moreover, a number of recent studies suggest that there is an interaction between Beta 
adrenergic receptors and BDNF-TrkB signaling. We hypothesized that increasing Beta 
adrenergic signaling along with BDNF-signaling can have synergic effects and thus more 
effectively mitigate cognitive dysfunction. Adult Ts65Dn mice and their controls were given 8 
weeks of physical exercise (PE) on a treadmill with or without a long acting β2 adrenergic 
agonist. These mice then were subjected to various behavioral testing procedures including open 
field, novel object recognition, and contextual fear conditioning. We found that combining PE 
and improving NE signaling in Ts65Dn mice had far more superior effects on cognitive function 
than either treatment alone. Our results provide an unprecedented opportunity to develop a new 
therapeutic strategy for restoring cognitive functions in both DS and AD. 
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Abstract: BACKGROUND 
There is a growing body of evidence showing an increased risk of Alzheimer’s disease (AD) in 
people with diabetes. Diabetes and AD have common features including abnormal protein 
processing, abnormalities in insulin signaling, dysregulated glucose mechanism, oxidative stress, 
the formation of advanced glycation end products, and activation of inflammatory pathways. 
Metformin, a mainstay of diabetic treatment, may play a neuroprotective role through increased 
neuronal viability, protection against oxidative imbalance, and attenuation of AD-like pathology. 
The purpose of the current study was to determine if metformin had an effect on learning and 
memory in diabetic mice and in the SAMP8 mouse model of AD. 
METHODS 
In study 1, we examined the effect of metformin on cognition in diabetic mice. Ten week old 
CD-1 mice were given streptozotocin (150/mg/kg/i.v) to induce diabetes and then treated with 
metformin for 8 weeks. Behavioral testing started after 4 weeks of treatment. Mice were tested in 
T-maze foot shock avoidance, novel object recognition and Barnes maze. In study 2, we 
examined the effect of metformin on learning and memory in the SAMP8 mouse model of AD. 
Starting at 11 months of age SAMP8 mice were administered metformin daily for 8 weeks. After 
4 weeks of treatment the mice were tested in T-maze foot shock avoidance, object recognition 
and Barnes maze. At the end of treatment brain tissue was collected for mitochondrial BAX 
analysis. 
RESULTS 
In study 1, metformin improved T-maze acquisition at both doses and T-maze retention at 200 
mg/kg compared to vehicle treated diabetic mice. The mean time spent exploring the novel 
object was also significant for both doses of metformin in the novel object recognition task. In 
the acquisition phase of the Barnes maze, treatment with both doses of metformin showed 
significant improvement in time to target compared to vehicle treated diabetic mice. In study 2, 
metformin, 20 mg/kg and 200 mg/kg, improved both acquisition and retention in T-maze foot 
shock avoidance, retention in object recognition, and acquisition in the Barnes maze (20mg/kg). 
Metformin improved mitochondrial BAX at 20 mg/kg. 
CONCLUSIONS 
The current studies show that treatment with metformin in STZ-induced diabetic CD-1 mice and 
in the SAMP8 mouse model of AD was associated with improved learning and memory 
compared to their respective vehicle treated control mice, suggesting that metformin may play a 
neuroprotective role in both diabetes and AD. Metformin also decreased mitochondrial BAX in 
the SAMP8 mice suggesting a positive effect on the mitochondria. The current results suggest 
that metformin may have therapeutic potential for AD. 
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Abstract: The United States is facing a diabetes epidemic. As the 7th leading cause of death and 
afflicting nearly 10% of the population, diabetes is well studied and its complications are 
conspicuous, including a battery of neurodegenerative diseases such as Alzheimer’s and other 
cognitive degradation. Diet-induced obesity is an increasingly common occurrence that 
predisposes individuals to type-2 diabetes and contributes to complications including those of the 
nervous system and the immune system. Increased body mass is associated with an elevated risk 
for neurodegeneration and dementia and changes in hippocampal plasticity and spatial learning 
among others have been documented. While the exact mechanism has yet to be fully understood, 
neuro-inflammation is thought to be an important factor in impaired cognitive function. 
Cytokines involved in the inflammatory response are elevated in brains of animals fed a high fat 
diet (HFD) and a variety of anti-inflammatory/anti-oxidant treatments can reduce this expression 
and alleviate cognitive changes. What is not well understood is how the progressive nature of 
cognitive degradation, as measured by memory loss, manifests itself early in the pre-diabetic 
stage. Cognitive degradation may be ascribed to neuro-inflammation and differences in diet may 
either aggrandize or temper its severity. Specifically, we are interested in seeing if adding kale, 
arugula, or dandelion to an existing obesity inducing diet may taper neuro-inflammation and thus 
stymie cognitive decline. 
To address this issue, C57BL/6 mice were fed either a control (10% fat) or high-fat diet 
(HFD)(60% fat) for 16 weeks until the high-fat group reached a pre-diabetic stage. After 16 
weeks, mice on a HFD weighed significantly more than the control mice, displayed elevated 
blood glucose levels, and showed deficits in spatial learning. During weeks 17 to 25, the diets of 



all the mice were supplemented daily with 1.0 gram of fresh kale, arugula, or dandelion. 
Consumption of the greens had no effect on the weights of either group. During the green diet 
period the mice were subjected to multiple repetitions of memory tests, such as the Morris Water 
Maze, Barnes Maze, and Social Recognition Test, to test for changes in their memory abilities. 
Our preliminary data from the Morris Water Maze demonstrates that animals fed a high fat diet 
supplemented with arugula or dandelion performed much better than those on a high fat diet 
alone or HFD plus kale. At 25 weeks the hippocampi were removed and are being analyzed for a 
variety of inflammatory and neuronal markers. 
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Abstract: Both hippocampus (Hip) and medial prefrontal cortex (mPFC) play a critical role in 
learning and memory. The functional connectivity between the Hip and PFC is thought to be 
critical for working memory performance and formation of long-term memories, as increased 
synchronization of neural oscillations of Hip and PFC local field potential (LFP) signals strongly 
correlate with task performance. Human Alzheimer disease (AD) patients exhibit reductions in 
the functional connectivity of Hip with other memory relevant brain regions, however, it is 
unclear whether these changes are a cause or consequence of disease. The 5XFAD mouse model 
of AD recapitulates deficits in learning and memory observed in AD patients, including deficits 
in spatial working memory, although changes in functional connectivity in this model have not 
been examined. We hypothesized that, like human AD patients, Hip-mPFC coherence is 



disrupted in the 5XFAD model. To test this hypothesis, custom designed shank electrodes were 
implanted into Hip and mPFC (both prelimbic cortex (PL) and infralimbic cortex (IL)) of 8-10 
month old sex-balanced 5XFAD and wild-type (WT) mice. Following five days of post-surgical 
recovery, LFP signals of Hip and mPFC were recorded while they were awake and resting 
quietly in their home cage (resting state) or on the Hip-dependent T-maze task. Hip-mPFC 
coherence of AD and WT mice was compared in different LFP frequency bands: delta (1-3Hz), 
low theta (3.01-7Hz), high theta (7.01-12Hz), beta 1 (12.01-20Hz), beta 2 (20.01-30 Hz), and 
gamma (40-60Hz). Analysis of our results indicated that during the resting state, there was no 
significant difference in the Hip-mPFC coherence across all frequency bands measured in WT 
and AD mice. However, the task-specific increase in the coherence of Hip-mPFC in delta and 
theta frequency bands in WT mice was significantly reduced in age-matched AD mice. These 
results demonstrate that the 5FXAD model adequately recapitulates deficits in Hip-mPFC 
coherence observed in human AD patients. Ongoing experiments in the laboratory aim to 
establish whether these changes occur prior to or after the onset overt memory deficits, and to 
determine mechanisms mediating changes in Hip-mPFC functional connectivity. 
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Abstract: Introduction: Preterm inflammation-induced white matter injury (WMI) is associated 
with well-known neurocognitive impairments. Early monitoring of neuroprotection with a non-
invasive tool such as magnetic resonance imaging (MRI) could greatly improve the development 
of therapeutic approaches. Among neuroprotective agents, Anakinra, an antagonist of 
interleukin-1 receptor (IL-1Ra), has previously showed beneficial effects in an animal model of 
WMI. Objective: Using diffusion tensor imaging (DTI) as a non-invasive monitoring tool, we 
evaluated the early neuroprotective effect of IL-1Ra in neonatal rats subjected to WMI. Methods: 
P3 Rat pups received LPS (1mg/kg) or sterile saline injections in the corpus callosum. A subset 
was treated with three i.p. injections of IL-1Ra (2 mg/kg). 24h post-injection, 13 animals (7 
sham, 3 LPS, 3 LPS+IL-1Ra) were imaged on a 7 tesla scanner. DTI was acquired using spin 
echo standard sequence with dual scheme with b-values of 0 and 700 s/mm2 with a voxel 
resolution of 230 x 120 x 600 µm. ROIs were placed on the ipsilateral cingulum. Kruskal-Wallis 
test was used for statistical comparisons. Results are normalized with the sham group. Apoptosis 
and inflammatory status were assessed in the three groups. Results: In accordance with previous 
results (Lodygensky et al. Pediatric Res 2014), LPS injection causes a decrease in diffusivity in 
the acute phase. This decrease is significantly limited for animals that underwent IL-1Ra 
injections. Fractional anisotropy did not come out as a reliable biomarker for assessing acute 
WMI. Primary blind qualitative evaluation of apoptosis revealed a sharp decrease in fractin 
expression in treated animals. Furthermore, IL-1Ra treatment decreased RNA expression of pro-
inflammatory genes iNOS, IL-1 and IL-6. Conclusion: DTI allowed early detection (in the 24h 
post-injury) of neuroprotective effect of IL-1Ra which correlated with a reduction of pro-
inflammatory gene expression. More animals are currently being scanned with thorough 
quantitative immunohistochemistry analysis and evaluation of pro- and anti-inflammatory gene 
expression. Our results suggest MRI is a non-invasive tool allowing early monitoring of 
therapeutic response in neonates. 

Table 1:ROIs analysis for the different diffusion scalar maps extracted from the diffusion 
tensor. 

DTI Scalar Map LPS (n=3) LPS+IL-1Ra (n=3) p-value 

Mean Diffusivity -42.38 % -24.14 % 0.0258 

Axial Diffusivity -38.04 % -20.34 % 0.0129 

Radial Diffusivity -46.32 % -27.61 % 0.0336 

Fractional Anisotropy 48.73 % 45.99 % 0.2893 
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Abstract: Intracerebrally streptozotocin injected rats (STZ-3V rats), what we call "Brain 
Diabetes" rats, show impaired spatial cognition and are considered a model of Alzheimer's 
disease. On the other hand, it has been established that insulin receptors are widely distributed 
throughout the brain including the hippocampus. Besides, insulin biosynthesis within the brain, 
especially in the hippocampus has been confirmed. In this study, we examined phosphorylation 
state of IRS-1(insulin receptor substrate-1) in the STZ-3V rat hippocampus and effects of 
liraglutide (a GLP-1 receptor agonist) on the IRS-1 phosphorylation. As methods, 
phosphorylation state of IRS-1 in the hippocampus of STZ-3V rats was examined by 
immunohistochemistry before and after 0.037ug/kg liraglutide administration. As the results, in 
the hippocampus of STZ-3V rats, a decrease of tyrosine phosphorylation accompanied by an 
increase of serine phosphorylation was observed. Administration of liraglutide induced 
improvement of tyrosine/serine phosphorylation ratio. It is concluded that in the "Brain 
Diabetes" rats there was an elevation of insulin resistance that was inhibited by liraglutide 
administration. The results suggested possibility of liraglutide as a therapeutic drug against 
Alzheimer's disease. 
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Abstract: Aberrant increases in neuronal network excitability may contribute to the cognitive 
deficits in Alzheimer’s disease (AD). However, the mechanisms underlying hyperactivity are not 
fully understood. Using patch clamp techniques, we found elevated neuronal excitability due to 
modulation of the voltage-gated sodium channel by amyloid beta (Aβ1-42). 
Immunohistochemistry and western blot results showed that the intrinsic neuronal 
hyperexcitability of human amyloid precursor protein (APP) / presenilin 1 (PS1) transgenic mice 
might be due to an increased expression of voltage-dependent sodium channels subtype. 
Blocking the overexcitation of the neural network with lamotrigine (LTG), which is a sodium 
channel blocker applied in a broad-spectrum treatment of epilepsy, suppressed abnormal spike 
activity, prevented the loss of spines, synaptophysin immunoreactivity, and neurons, and thus 
attenuated the deficits in synaptic plasticity and learning and memory in APP/PS1 transgenic 
mice. Scorpion venom heat-resistant peptide (SVHRP) extracted from nature product Buthus 
martensii Karsch (BmK) venom could rescue the learning and memory deficits in AD animal 
model. The mechanism might be related with suppressing sodium channel currents and inhibiting 
the neuronal excitability. Moreover, the levels of brain-derived neurotrophic growth factor 
(BDNF) were enhanced in the brains of APP /PS1 mice by the chronic both SVHRP and LTG 
treatment. Therefore, these observations demonstrate that LTG or SVHRP attenuates AD 
pathology through multiple mechanisms, including modulation of abnormal network activity, 
reduction of the generation of amyloid beta and upregulation of BDNF. This study has brought 
sodium channel blocker as a new strategy, especially the potential application of antiepileptic 
drugs (AEDs), in AD therapy. 
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Abstract: Critical care units are a major cause of a disrupted circadian rhythm in patients. 
Interestingly, circadian disruption is frequently associated with the occurrence of delirium having 
a high impact on outcome and mortality in the critically ill. It has been shown that prolonged 
exposure to benzodiazepines (such as midazolam) and, to a lesser extent opiates, contributes to 
the development of delirium. Here we tested the effect of midazolam and other sedatives on the 
expression of the circadian rhythm protein Period 2 in different organs from mice. All animal 
experiments were performed in accordance with the APS/NIH guidelines for the use of 
laboratory animals. Expressional levels of Per2 were assessed by real-time RT-PCR in different 
organs from mice using midazolam, propofol, fentanyl, ketamine or isoflurane. Midazolam 
caused a significant downregulation of Period 2 in all organs investigated. The other sedatives 
had no effect or little on Per2 expression with the exception of ketamine, which increased Per2 in 
the lung and decreased Per2 in the liver. Midazolam consistently downregulates Per2 in different 
mouse organs. As midazolam has been found to play a critical role in the development of 
delirium we suggest that midazolam mediated downregulation of Per2 represents a potential 
mechanism in the development of delirium. Further studies using a mouse model for delirium 
will be necessary to further elucidate the underlying mechanism. 
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Abstract: The aim of this study was to assess the effect produced by the placement of a 
dopamine releasing reservoir in the striatum of hemiparkinsonian rats on the gross motor 
alterations, imaging evaluation, and trajectory behavior. Methods: 50 male Wistar rats divided in 
four groups: A) 8 Sham rats, B) 12 hemiparkinsonian rats induced by administration of the 6-
OHDA neurotoxin (8µg/4µl) via stereoscopic surgery in left substantia nigra (Lx), C) 20 
hemiparkinsonian rats induced alike Lx rats, and later placement of a dopamine reservoir made 
of titanium dioxide (Lx+TiO2DA) and D) 10 rats only with placement of the dopamine reservoir 
(TiO2DA). 180 days after hemiparkinsonism induction in the groups Lx and Lx+TiO2DA, all 
the groups underwent to apomorphine induced rotational test to evaluate the damage in the 
dopaminergic system, gross motor performance and path were analyzed in the open field test. 
Positron Emission scans were performed on left and right striatum measuring the uptake of the 
tracer 11[C]-DTBZ to obtain a measurement of the nigrostriatal pathway. Once finalized the 
evaluations the data was analyzed by one-way ANOVA and multiple comparisons Tukey's test; p 
values < 0.001 were considered significant. Results: Apomorphine rotational behavior showed an 
increased number of spins in Lx compared to Sham, Lx+TiO2DA and TiO2DA Groups: 295.2 ± 
10.1 vs 4.4 ± 0.8, 30.1±4.2 and 11.0±2.9. Lx+TiO2DA and TiO2DA do not present differences 
compared to the Sham Group. Open field test revealed a decrease in gross motor activity 
assessment in Lx animals vs Sham, Lx+ TiO2DA and TiO2DA groups: 16.1±2.8 vs 106.5±4.6, 
97.5±7.6 and 122.2±5.8. Lx+TiO2DA and TiO2DA do not present differences compared to the 
Sham Group. At the day 180, Sham animals follow a path close to the open field walls, Lx 
animals either move to the center of the field or remain immobile in one place. Lx+TiO2DA use 
to move surrounding the field and visit the center occasionally. TiO2DA animals move fast 



around the field and usually visit the center. PET scans disclosed on the left striatum an increase 
of uptake in the injured animals compared to implanted and Sham animals. The right striatum 
displayed the same pattern. Conclusion: This study has revealed an effective dopamine supply 
restitution by the implantation of a titanium dioxide dopamine reservoir, which is evident by the 
improvement of Lx+TiO2DA animal’s performance in the rotational behavior and open field 
test; as well as, an enhancement demonstrated on 11[C]DTBZ uptake in Lx+TiO2DA animals, 
which suggest a recovery in the dopaminergic striatal innervation. 
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Title: Regulated GDNF delivery shows transient neuroprotective effect 
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Abstract: Glial cell-line derived neurotrophic factor (GDNF) is a therapeutic factor for the 
treatment of Parkinson’s Disease (PD). However, overexpression of GDNF in the brain causes 
side-effects. Our group has used destabilizing domain technology to induce GDNF (GDNF-DD) 
expression in vivo. Induction of gene expression would enable GDNF to protect neurons while 
turning off the expression of GDNF would prevent side-effects. The aim of this study was to 
determine how long the neuroprotective effect of GDNF-DD could be maintained after GDNF-
DD expression was turned off. To achieve this, lentiviral vectors expressing GDNF, GDNF-DD 
or regulated yellow fluorescence protein (YFP-DD) were delivered to the striatum of rats. Three 



days after vector delivery, GDNF-DD and YFP-DD expression was turned on for 9 weeks. Three 
weeks after vector delivery the animals were lesioned with 6-OHDA. Groups of animals were 
analysed for behaviour, amperometry and their brains were processed for histology at several 
timepoints. Six weeks after lesion, while GDNF-DD expression was induced the GDNF group 
had 75% remaining neurons in the substantia nigra (SN). The GDNF-DD group had 50% 
remaining neurons whereas the YFP-DD group had only 18% remaining neurons in SN. While at 
later weeks, when expression was turned off, the GDNF group maintained the level of 
neuroprotection, while the GDNF-DD group lost the neuroprotective effect to levels comparable 
to the YFP-DD group This study indicates that while constant overexpression of GDNF has 
deleterious effects, there needs to be a fine regulation of GDNF to maintain the therapeutic 
effect. 
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Title: Antisense oligonucleotide reduction of human alpha-synuclein accumulation in dopamine 
and serotonin neurons prevents early dysfunctions in a mouse model of Parkinson’s disease 
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Abstract: Multiple convergent lines of evidence implicate α-synuclein (encoded by SCNA) in 
the pathogenic of Parkinson’s disease (PD). α-Synuclein is a protein that accumulates in the 
brain of patients with sporadic PD. Likewise, whole locus multiplications and point mutations in 



the α-synuclein gene cause a familial form of PD. Previously, we developed a mouse model that 
overexpress wild-type human-α-synuclein in the AAV5 vector (donated by MJF foundation) in 
dopamine (DA) neurons of the substantia nigra compacta (SNc) and ventral tegmental area 
(VTA) as well as in serotonin (5-HT) neurons of the raphe nuclei (RN). These mice showed 
increased human-α-synuclein mRNA levels in the ipsilateral SNc (278% of sham mice) and RN 
(290% of sham mice), but they did not display any loss of tyrosine hydroxylase-positive DA 
neurons or tryptophan hydroxylase-positive 5-HT neurons at 16 weeks post-injection. Moreover, 
reduced DA and 5-HT release paralleled with development of α-synuclein-positive axonal 
swelling in striatum, hippocampus and cerebral cortex were found in the AAV5 model. In 
addition, AAV5 mice exhibited motor deficits at 8 weeks post-infection into SN and depressive-
like behaviors (tail suspension and forced swim tests) at 4 weeks post-infection into RN. Here, 
we evaluated whether reducing human α-synuclein expression in the mesencephalic nuclei 
prevented early dysfunctions in the AAV5 model. We used a conjugated antisense 
oligonucleotide targeting intracellular human α-synuclein (ASO1337) selectively in DA and 5-
HT neurons. Mice overexpressing human α-synuclein in the SNc/VTA or RN were treated 
intracerebroventricularly with ASO1337 (30 or 100µg/day) during 28 days using osmotic 
minipumps implanted subcutaneously. Control groups received vehicle or nonsense ASO 
sequence (ASO1227) in the same conditions. ASO1337 reduced dose-dependent the human α-
synuclein mRNA levels (vehicle: 0.76±0.04; ASO1337 30µg/day: 0.46±0.05; ASO1337 
100µ/day: 0.35±0.03, arbitrary units), whereas endogenous α-synuclein and γ-synuclein 
expression remained unaltered. Immunohistochemistry analysis confirmed these results showing 
the reduction of human α-synuclein protein density. Furthermore, recovery of striatal DA release 
could be achieved by reduction of human-α-synuclein expression in SNc/VTA. Recent data 
showed that intracerebroventricular ASO1337 infusion (100µg/day, 28 days) also decreased 
human α-synuclein mRNA expression in the RN of AAV5 mice compared to control groups. Our 
study indicated that the ASO-induced reduction of intracellular α-synuclein accumulation 
selectively in DA and 5-HT neurons using ASO molecules represents an optimal PD therapy. 
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Title: Pramipexole combined with transfection of the BDNF gene restores motor coordination in 
a bilateral model of Parkinson disease in the rat. 
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Abstract: Pramipexole mediates its therapeutic action on motor deficits in Parkinson’s disease 
mainly via dopamine D3 receptors of the direct and indirect striatofugal pathways. It has also a 
protective action inducing the expression and secretion of BDNF, which promotes the survival of 
dopaminergic neurons and enhances dendritic arborization. Here we assessed the immediate and 
long-term effects of Pramipexole in a bilateral model of PD to test its impact on motor and non-
motor behavior. Pramipexole was administered continuously during 4 ½ months via osmotic 
pumps and the BDNF gene was transfected to the dopamine nigral neurons using a non-viral 
transfection method (Gonzalez-Barrios et al., 2006). After one month of the 6-OHDA lesion, we 
tested the acute effect Pramipexole (1 mg/Kg). It restored locomotor and ambulatory activity, 
walking speed and motor performance evaluated by the rotarod and beam tests, thus showing 
that Pramipexole controls the motor deficits induced by the bilateral lesion. Since the therapeutic 
efficacy of Pramipexole eventually wears off, we evaluated the effect of its chronical and 
continuous administration combined with the non-viral BDNF gene transfection into the 
remaining nigral neurons, to assess whether it could modify the course of the parkinsonian 
condition. The combined treatment restored the motor performance, recovering the crossing time 
in the beam test and the overall rotarod performance to values similar to those of control normal 
rats. Untreated animals showed none recovery. The motor recovery was observed starting at 1.5 
months of the combined treatment and lasted even 2 months after Pramipexole withdrawal. The 
bilateral lesioned rats showed a permanent reduced ambulation in the open-field compared with 
normal rats. The combined treatment did not recovered the ambulation to normal. Since the 
open-field test evaluates anxiety in a novel environment, these results suggested that the 
combined treatment did not control the anxiety associated with the dopamine lesion. This 
assumption was confirmed using the burying test to assess anxiety. The test revealed that the 
bilateral lesion significantly increased the burying time and that the combined treatment did not 
reduced the time to normal, indicating that it did not control the anxiety produced by the lesion. 
Diazepam reversed the anxiety of the treated group but not that of the untreated one. Results 
suggest that the combined treatment induces plastic changes that result in a permanent recovery 
of motor behavior, but it did not control the anxiety associated with the dopaminergic depletion. 
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Abstract: It is now widely accepted that compensatory mechanisms are involved during the 
early phase of Parkinson's disease (PD) to delay the expression of motor symptoms. However, 
the neurochemical mechanisms underlying this presymptomatic period are still unclear. 
Objective: Determine the effects that an implant TiO2DA inserted in the caudate in a rat model 
hemiparkinsonism on motor behavior and its correlation with the in vivo binding of [11-C] 
raclopride to D2 dopamine receptors in the basal ganglia of rats with hemiparkinsonism. Each rat 
underwent a PET study, before and after of treatment with microimplant. Material and methods: 
Male Wistar rats (250-300gr) were used, which were randomly divided into 4 groups: a) Sham b) 
Lesioned (Lx); c) Lx+implant; d) Implant. Post-lesion for 21 days anxiety behavior and 
locomotor activity of the rats of each group through the open field test was evaluated. The test 
was conducted in an acrylic box (with transparent walls and floor), whose floor is divided with 
painted black lines forming’s squares and illuminated with floodlights. The test was recorded for 
five minutes; the following measurement parameters were assessed: total distance traveled and 
the number of crossed lines marked on the floor. The tests were recorded. In each group analysis 
of microPET was done, each rat underwent a PET study, before and after of treatment with 
microimplant. Results: The implant induced an increase in the in vivo binding of [11C] 
raclopride in the striatum of hemiparkinsonian rats. This observation indicates that there is a 
higher amount of transporters bound to striatal dopamine; higher dopamine levels were found in 
the Lx+Imp group than in the Lx group as well as a larger number of dopaminergic neurons in 
striatum in the histological analysis. Conclusions: This observation indicates that in 
hemiparkinsonian rats, the microimplant with dopamine produce an increase in extracellular 



levels of dopamine sufficiently to inhibit raclopride binding, this effect probably due to 
dopamine release from TiO2DA matrix implanted in caudate nucleus. 
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Title: Addressing limb use asymmetry in the unilaterally dopamin depleted parkinsonian rat by 
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Abstract: Optogenetics is an emerging tool in neuroscience that can provide temporally accurate 
neuronal stimulation of select populations of neurons and to date the large majority of 
experiments have used this in the context of single-unit electrophysiology. Yet an emerging 
concern is that the phasic control of dopamine (DA) release in the context of replacement 
therapy for Parkinson’s disease may provide both improved movement control and prolonged 
therapeutic success. Our laboratory has been designing a way to address the value of phasic DA 
release within the striatum of otherwise unilaterally DA-depleted rats. To accomplish this we 
will combine the use of optogenetics with light-sensitive DA-releasing cell transplants and 
microdialysis for DA measurement in freely moving rats. Initially such DA source cells will be 
generated from mesenchymal stem cells and transfected with channelrhodopsin II, and our 
capacity to stimulate controlled levels of DA from these cells will be tested in-vitro. 
Subsequently such DA source cells will be transplanted into the striatum of a unilaterally DA-
depleted rat in order to demonstrate light-stimulated-DA-release-related behavioral symmetry 
restoration. There are two ways to demonstrate the value of phasic release in the context of 
replacement therapy for Parkinson’s disease. One would be to show that standard basic tonic 
release is insufficient to restore controlled behavior, and the other would be to show that induced 
phasic release engaged in an as-needed manner is capable of supporting complex movement 
behaviors. Our technique should be able to address both of these concerns. 
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Abstract: Using both in vitro and in vivo studies, glial cell line-derived neurotrophic factor 
(GDNF) became known as one of the more promising neurotrophic factors in its ability to 
protect dopamine neurons against neurotoxic insult in animal models of Parkinson’s disease 
(PD). The proprotein version of GDNF has been post-translationally processed into a dopamine 
neuron stimulating peptide, known as DNSP-11. DNSP-11 has been shown to be neuroprotective 
against TaClo, MPP+ and an intranigral 6-hydroxydopamine (6-OHDA) lesion in rat models of 
PD. This research project used a different approach to introducing DNSP-11 into the animal 
model prior to the lesion. An intranasal DNSP-11 technique was used to assess the protection of 
nigral dopamine neurons against the more progressive intrastriatal lesion of 6-OHDA. Twenty 
Fisher 344 rats were divided into the following groups: citrate + 6-OHDA and DNSP-11 + 6-
OHDA. Citrate or DNSP-11was delivered intranasally 5 days per week for 8 weeks postlesion. 
The foot fault and cylinder tests were performed to assess behavior improvements following 
treatment. Brain tissue was processed for tyrosine hydroxylase immunocytochemistry and 
dopamine cell survival in the substantia nigra was quantified. 

Disclosures:  C.M. Fox: None. M. Spencer: None. 



Poster 

602. Rodent Models and Therapeutics in Parkinson's Disease 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 602.08/T17 

Topic: C.03. Parkinson’s Disease 

Support: Faculty of Medicine Universidad Nacional Autónoma de México Project: 080 2012 

 SIP project: 20160469 

Title: Skilled reaching and brain histological evaluation of hermiparkinsonian rats after 
dopamine supply restitution through a TiO2DA implant placed in striatum 
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Abstract: The aim of this study was to assess the effect produced by the placement of a 
dopamine releasing reservoir in the striatum of hemiparkinsonian rats on fine motor 
performance, and describe the histological findigs in striatum after 180 days of treatment. 
Methods: 50 male Wistar rats divided in four groups: A) 8 Sham rats, B) 12 hemiparkinsonian 
rats induced by administration of 6-OHDA (8µg/4µl) via stereoscopic surgery in in left 
substantia nigra (Lx), C) 20 hemiparkinsonian rats induced alike Lx rats, and later placement of a 
dopamine reservoir made of titanium dioxide (Lx+TiO2DA) and D) 10 rats only with placement 
of the dopamine reservoir (TiO2DA). 21 days after hemiparkinsonism induction in the groups Lx 
and Lx+TiO2DA, all the groups underwent to apomorphine induced rotational test to evaluate 
the damage in the dopaminergic system. Additionally, after 180 days of dopamine reservoir 
placement, skilled reaching was measured using the Eshkol - Wachman scale. Once finalized the 
evaluations, animals were slaughtered to obtain the brains and the neuron density was analyzed 
by optical microscopy. Data was analyzed by one-way ANOVA and multiple comparisons 
Tukey´s test; p values < 0.001 were considered significant. Results: Apomorphine rotational 
behavior showed an increased number of spins in Lx compared to Sham, Lx+TiO2DA and 
TiO2DA Groups: 295.2 ± 10.1 vs 4.4 ± 0.8, 30.1±4.2 and 11.0±2.9. Lx+TiO2DA and TiO2DA 
do not present differences compared to the Sham Group. Measurement of successfully reached 
pellet attempts revealed a diminishment of reached pellets in Lx animals compared to Sham, 
Lx+TiO2DA and TiO2DA groups: 8.0±0.4 vs 16.1±0.6, 12.1±0.6 and 13.75±0.6. Lx+TiO2DA 
animals didn’t show differences in skilled reaching task either with Sham or TiO2DA groups. 



Histological analysis revealed significant changes in the neuronal populations in striatum where 
Lx group showed less population than Sham, Lx+TiO2DA and TiO2DA Groups; as well as, 
when the location of the reservoir was analyzed, it didn’t display histopathological data 
suggesting chronic inflammatory changes, such as cellular edema, gliosis or mononuclear 
infiltrate in the tissue surrounding the reservoir. Conclusion: Behavioral results in rotational and 
skilled reaching demonstrate the improvement produced by the dopamine reservoir in 
Lx+TiO2DA animals reducing the number of spins and increasing the Eshkol-Wachman score 
compared to Lx animals who displayed a poor performance during both test. Histological 
analysis demonstrate that the reservoir do not present significant tissue alterations. 
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Abstract: Cell replacement therapy holds tremendous promise for the treatment of 
neurodegenerative diseases such as Parkinson's Disease (PD). However, the lack of a reliable and 
suitable source of donor cells has limited the widespread application of this treatment modality in 
the clinic. The advent of induced pluripotent stem cell (iPS) technology has opened up the 



possibility for autologous cell therapy. Based on the knowledge that iPS can inherit certain 
properties of their parental somatic cells via epigenetic transmission, we postulate that deriving 
iPS from tissues that inherently display reduced immunogenicity and that are genetically pristine 
could generate an ideal universal donor cell for allogeneic transplantation. The human umbilical 
cord is an immuno-privileged organ that mediates interactions across the feto-maternal interface. 
Additionally, its relative nascence implies that it accumulates less somatic mutations compared 
to adult cells. Capitalizing on these beneficial properties, we derived transgene integration- and 
feeder-free iPS from cells isolated from the subamniotic lining of the human umbilical cord. 
Designated as Cord Lining iPS (CLiPS), these iPS showed robust trilineage differentiation either 
by teratoma formation or directed differentiation in vitro. We further demonstrated that CLiPS 
can be directed to differentiate into dopaminergic (DA) neurons, the specific neuronal subtypes 
lost in PD. Transplantation of neuroprogenitor cells (NPCs) primed towards DA fate into the 
brains of 6-hydroxydopamine induced mouse PD model suggests that these cells can robustly 
engraft and survive for up to a month in an immunocompetent C57/BL6 mice in the absence of 
pharmacologic immunosuppression. Furthermore, these NPCs showed efficient differentiation 
into tyrosine hydroxylase immunoreactive DA neurons. We showed using [18F]FE-PE2I PET 
imaging that CLiPS-derived NPCs restored dopamine reuptake function in lesioned brains 6 
months after transplantation. Behavioral assays revealed statistically significant recovery of 
motor deficits in transplanted mice. In contrast, no engraftment or behavioral recovery was 
observed in mice transplanted with human adult iPS-derived NPCs. In summary, we provide 
proof-of-concept evidence that CLiPS can be used as a source of donor cells for allogeneic cell 
replacement therapy of PD and potentially other neurodegenerative disorders. 

Disclosures:  C. Chai: None. R.Y. Ong: None. C.W. Zhang: None. B.H. Chai: None. L. Qiu: 
None. M.D. Thangaveloo: None. D. Yu: None. T.W. Soong: None. C.S.L. Tang: None. B.T. 
Ang: None. L. Zeng: None. Z. Wang: None. B. Gulyás: None. T.T. Phan: Other; 
CellResearch Corporation Pte Ltd. K.L. Lim: None. 

Poster 

602. Rodent Models and Therapeutics in Parkinson's Disease 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 602.10/U1 

Topic: C.03. Parkinson’s Disease 

Support: MJFF 

Title: Optogenetic inhibition of STN rescues motor defects in parkinsonian rodents. 



Authors: *T. NGUYEN-VU1, L. LEUNG2, A. ALLAWALA2, C. ARNOLD2, D. ZWILLING2, 
R. SAWATZKI2, M. KAPLITT2;  
1Neurobio., 2Circuit Therapeut., Menlo Park, CA 

Abstract: Parkinson’s disease is a motor neurodegenerative disorder characterized at least in 
part by hyperactivity of the subthalamic nucleus (STN). Although deep brain stimulation (DBS) 
targeted to the STN is a therapeutic option, its underlying mechanism continues to be a subject of 
debate. While DBS mimics the effects of destructive lesioning, there is also evidence to support 
the belief that DBS changes firing patterns, or even drives STN firing. Certain DBS effects have 
also been ascribed to stimulation outside of the STN in the zone incerta. Using optogenetics, we 
tested whether functional lesion of the STN can provide therapeutic rescue in 6-OHDA induced 
hemi-parkinsonian rodents. We confirmed functional inhibition of STN by electrophysiological 
optrode recording in anesthetized and awake head-fixed rodents. In freely moving hemi-
parkinsonian rodents, we were able to show therapeutic rescue of motor function by optogenetic 
inhibition of the STN. The efficacy of this motor rescue was titratable, in that it was dependent 
on the intensity of the light and was apparent through multiple behavioral assays. Optogenetic 
inhibition of the STN in 6-OHDA lesioned rodents attenuated the pathological ipsilateral rotation 
evoked by amphetamine treatment, and induced contralateral rotation in the absence of any drug 
treatment. In the same hemi-parkinsonian rodents, light treatment also increased motor activity in 
an open field assay, improved gait in the catwalk assay, and normalized forelimb preference in 
the cylinder assay. These results support STN inhibition as a potential therapeutic strategy for 
treatment of Parkinson’s disease. 
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Abstract: The purpose for this study was to evaluate the effects produced by a TiO2 
microimplant made with nanoporos able to release dopamine molecules, which is placed in 
caudate nucleus, over motor impairment and neuronal density in Substantia Nigra, and determine 
whether there is a correlation between neuronal density and gyrus behavior test. Materials and 
Methods: 40 male Wistar rats divided in 4 groups were utilized: A) 10 control rats: (Control), B) 
10 injured rats by 6-OHDA 8µg/4µl through stereoscopic surgery in left and right median 
forebrain bundle: (Lx), C) 10 rats with the same lesion and the colocation of a micro-implant 
made of titanium dioxide: (Lx+TiO2DA), and D) 10 rats only with the colocation of micro-
implant: (TiO2DA). 21 days after the injury all groups were underwent to the rotational induced 
test with apomorphine (0.05 mg/kg, sc) during 50 minutes in order to determine damage in 
dopaminergic system, this test was performed again 360 days after the colocation of the micro-
implant. Once finalized the test, the animals were slaughtered to obtain the brains and the neuron 
density was analyzed by optical microscopy. p values <0.0001 were considered significant. 
Results: In the rotation induced test, the following results were found at 360 day: the Lx group 
showed more twists than control, Lx + TiO2DA and TiO2DA groups: control vs Lx (4.4±2.6 vs 
301.3±19.0), control vs Lx+TiO2DA (4.4±2.6 vs 31.8±14.9), Lx vs Lx+TiO2DA (301.3±19.0 vs 
31.8±14.9), Lx vs TiO2DA (301.3±19.0 vs 9.5±7.1), and Lx+TiO2DA vs TiO2DA (31.8±14.9 vs 
9.5±7.1). Analysis of neuronal density in left Substantia Nigra were found 5 significant results, 
where groups with implants and control had a higher neuronal density than injured groups: 
Control vs Lx ( 8.3 ± 1.5 vs 0.5 ± 0.5), control vs Lx + TiO2DA ( 8.3 ± 1.5 vs 5.7 ± 1.0) , Lx vs 
Lx + TiO2DA ( 0.5 ± 0.5 vs 5.7 ± 1.0 ), TiO2DA vs Lx ( 0.5 ± 0.5 vs 9.5 ± 1.5), Lx + TiO2DA 
vs TiO2DA (5.7 ± 1.0 vs 9.5 ± 1.5). On the right side were found 3 significant results where the 
implanted and control groups had a higher neuronal density than injured groups: Control vs Lx 
(8.8 ± 1.2 vs 4.8 ± 0.8), Lx vs Lx + TiO2DA (4.8 ± 0.8 vs 7.8 ± 1.5) and Lx vs TiO2DA (4.8 ± 
0.8 vs 9.6 ± 3.0). The Pearson correlation between neurons of both left and right Substantia 
Nigra in the induced rotational behavior showed a negative association with coefficient: r = -
0.9458; r = -0.9641 for each case. Conclusion: The present results indicate that microimplant 
gets reverse engines changes produced by the lesion with 6-OHDA in rats with 
hemiparkinsonism, as observed in the Lx + TiO2DA group which decreased their number of 
rotations, likewise the Lx + TiO2DA rats showed a higher neuronal density than Lx rats. 
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Abstract: Introduction: Neurodegenerative diseases such as Parkinson's can cause severe motor 
deficits in skilled forelimb use in both humans and rats. These deficits are typically analyzed in a 
reach-to-eat paradigm. Therefore, rats serve as an excellent tool to monitor the development of 
deficits after neurological insults and the single pellet reaching test is a paradigm that involves 
detailed rating and analysis of qualitative aspects of the reaching movement itself. Objective: 
The purpose of this research was to evaluate the temporal stability of dopamine in a titanium 
dioxide matrix (TiO2/DA) in vivo and in vitro and to determine if this micro-implant 
TiO2DA/DA can reverse motor skill alterations caused by 6-OHDA in the reaching for single 
pellet in a hemiparkinson rat model. Material and Methods: Sixty four Wistar rats were used, 
divided into 4 groups: Sham, Lx (hemiparkinsonian), Lx + micro-implant, and micro-implant 
only. Induced rotation test and single-pellet reaching task were performed on days 0, 1, 21, 90, 
180 and 360 days after the insertion of the micro-implant in caudate nucleus. Previously the 
states of dopamine oxidation were evaluated using infrared spectroscopy. Results: It was 
possible to evidence stabilization of dopamine molecules 720 hours in vitro and at least during 
the 360 days that the implant remained in the rat’s brain. Significant differences were shown 
between the Lx group and the control in all the applied tests. Significant differences were also 
found between the Lx and the Lx+Imp groups, with reports of improvement in the implanted 
group; Less induced rotations and better performance in the fine motricity assessment (reaching 
task).These results suggest that probably dopamine was released from its reservoir in the 
striatum; evidenced by a significant gross motor skill improvement during the 360 days of the 
experimental evaluation. This motor skill improvement was associated with the presence of 
dopamine coming from the dopaminergic that was successfully stabilized. Conclusion: 
Microimplant placement (TiO2DA) in hemiparkinsonian rats improved fine motor skill task, 
probably due increased levels of dopamine in caudate nucleus. These findings are promising for 



the use of these micro-implants as alternative treatment for humans with Parkinson’s disease in 
the near future. Advantages of this treatment are its easy and fast elaboration, microscopic size, 
low cost, less invasive application, and immediate benefits on the motor disturbances presented 
by the animals with hemiparkinsonism. 
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Title: Evaluation of the effects of the treatment with gm1 ganglioside in a model of parkinsons 
disease in rats 
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Abstract: Several evidences have featured the beneficial effects of the GM1 ganglioside in the 
treatment of neurological lesions. GM1 has also been studied for treatment of neurodegenerative 
diseases, mainly because of its neuroplastic and neuroprotective functions. The aim of this study 
was to analyze the possible effects of GM1 ganglioside on the Parkinson's disease model induced 
by unilateral intra-striatal injection of 6-hydroxydopamine (6-OHDA). Wistar rats (3 months old, 
approx. 300g) were divided into 3 groups (5-6 animals): control, 6-OHDA, and 6-OHDA + 
intracerebroventricular (ICV) GM1. In order to promote the lesion, 6 µg/µL of 6-OHDA were 
stereotaxically administered by microinfusion in the striatum, with two injections of 0.5 µL at 2 
different coordinates. GM1 (30 mg /kg dosis) was injected ICV together with 6-OHDA. Seven 
days after injury, brains were collected for analysis by immunoblotting in the midbrain and 
striatum. The expression of tyrosine hydroxylase (TH) in the striatum significantly decreased in 



group 6-OHDA compared to controls (50.7%, p<0.01). The group treated ICV with GM1 
showed a significant increase compared to the 6-OHDA group (51.6%, p<0.01), recovering the 
TH expression to the control level. In the midbrain TH expression also decreased significantly in 
the 6-OHDA group (ca. 51.8%, p<0.05) and appeared to be recovered by GM1. Glial fibrillary 
acidic protein (GFAP) expression in the striatum showed an increase after 6-OHDA (57.9%, 
p<0.01), and showed a decrease in the group treated with GM1 when compared to the group 6-
OHDA (36.3%, p<0.01). Similarly, in the midbrain GFAP expression showed an increase after 
6-OHDA compared with the control (68.0%, p<0.01), and the GM1 treated group showed a 
significant decrease compared with the 6-OHDA group (36.2%, p<0.05). Caspase-3 expression 
in the striatum significantly increased in the 6-OHDA group compared to controls (70.8%, 
p<0.01) and significantly decreased in the group treated with GM1 compared to group 6-OHDA 
(45.1%, p<0.05). In the midbrain there was an increase of caspase-3 expression in the 6-OHDA 
group (65.6%, p<0.05), which was unaltered by treatment with GM1. We suggest that the GM1 
ganglioside exerts neuroprotection in the 6-OHDA model of Parkinson´s disease when injected 
ICV. 
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Abstract: Parkinson’s disease is a neurodegenerative disease that has no disease-modifying 
therapy. Alpha-synuclein is postulated to play a key role in disease pathogenesis. Aggregation of 
the protein alpha-synuclein in insoluble fibrils leading to cellular toxicity in dopamine neurons in 
humans and in animal models of PD. Here, we use virally-mediated RNA-interference to 
selectively and specifically reduce alpha-synuclein expression and demonstrate tolerability and 



neuroprotection. Previous similar approaches however also induced inflammation and reduced 
expression of tyrosine hydroxylase. Here we focused on the toxicity due to potential off targeting 
effect. First, we used a specificity-focused siRNA design algorithm, siSPOTR to identify 8 
siRNA sequences with minimal off-targeting potential. After testing these sequences in vitro, one 
RNA-interference sequence (miSyn4) showed maximal protein knockdown potential. To test 
specificity in vivo, AAV vector with miSyn4 was designed and injected in the substantia nigra of 
mice and rats. miSyn4 was robustly expressed and did not detectably change neurochemistry, 
dopamine neurons, glial proliferation or animal behavior. We injected AAV-miSyn4 into Thy1-
hSNCA mice over expressing alpha-synuclein and found significant alpha-synuclein RNA 
knockdown in both midbrain and cortex. Co-injection of AAV-hSNCA and AAV-miSyn4 
demonstrated effective reduction of hSNCA and rescue of SNCA-mediated behavioral deficits. 
Together, downregulation of SNCA based on RNA interference has therapeutic potential and 
could be safe and effective for patients with Parkinson’s disease. 
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Title: Zeb013 rescues motor impairments in a mouse model of levodopa-induced dyskinesia 
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Abstract: Parkinson’s disease (PD), the second most common neurodegenerative disease, is 
known for cardinal motor symptoms that include bradykinesia, resting tremor, muscular rigidity 
and postural instability. Levodopa (L-dopa) is a powerful treatment for the motor symptoms in 
PD. However, its effectiveness decreases over time and the non-responsive periods to this 
therapeutic approach increase in advanced stages of the disease. The lack of alternative 



therapeutic options for these periods, together with an aggravation of the symptoms is major 
concern. Novel animal models that recapitulate this advanced stage of the disease are needed in 
order to enable the development of new therapeutic strategies. Here, we report Zeb013 as a new 
alternative therapeutic option for PD. Zeb013 was selected in an in vivo screen using a 6-
hydroxydopamine zebrafish model that enables the identification of compounds rescuing 
locomotor deficits. We then developed a rodent model that mimics the non-responsive periods of 
L-Dopa, so that the selected compound could be further investigated in a pre-clinical model. 
When chronically treated with L-Dopa, this mouse model exhibited an aggravation of gait 
impairments, and Zeb013 was able to rescue this condition. In the future, we will further 
investigate the mechanism of action of Zeb013, and gain insight into the molecular 
underpinnings of advanced stages of PD. 
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Abstract: Glucagon-like peptide 1 (GLP-1) is a growth factor that shows neuroprotective 
properties. We have shown previously that the GLP-1 mimetics that are currently on the market 



as treatments for type II diabetes show neuroprotective effects in animal models of Parkinson’s 
disease (PD). Recently, the GLP-1 mimetic exendin-4 (Bydureon) has shown remarkable effects 
in a clinical study of PD patients, demonstrating the potential of these drugs. The sister incretin 
growth factor Glucose-dependent insulinotropic polypeptide (GIP) also has shown protective 
effects in PD animal models. Here we show that novel dual agonists that activate both GLP-1 
and GIP receptors protect the brain in the MPTP mouse model of PD. MPTP was injected once-
daily (20mg/kg i.p.) for 7 days, and the dual agonist was once-daily for 14 days (50nmol/kg i.p.). 
The novel dual agonist reduced or reversed most of the MPTP induced motor impairments in the 
rotarod, catalepsy, and in a muscle strength test. The number of tyrosine hydroxylase (TH) 
positive neurons in the substantia nigra (SN) was reduced by MPTP and increased by the drug. 
The ratio of anti-inflammatory Bcl-2 to pro-inflammatory BAX signaling as well as the 
activation of the growth factor kinase Akt was reduced by MPTP and reversed by the new drug. 
The PI3k inhibitor had only limited effect on the drug effect. Importantly, levels of the 
neuroprotective brain derived neurotropic factor (BDNF) were reduced by MPTP and enhanced 
after drug treatment. The activation of a chronic inflammation response in the brain by MPTP 
was much reduced by the drug (astroglia and microglia activation). The results show superior 
effects over single GLP-1 analogues and suggest that this new dual agonist drug class is more 
protective in PD than exendin-4 in the clinic. 
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Abstract: Exaggerated beta oscillatory activity is observed in the motor circuits of Parkinson’s 
disease (PD) patients and animal models of PD. This activity has been hypothesized to contribute 
to motor dysfunction in PD. We have previously observed significant increases in spectral power 
in the 25-40 Hz high beta range in local field potentials (LFP) recorded in the subthalamic 
nucleus (STN), substantia nigra pars reticulata, and motor cortex of parkinsonian rodents 
associated with motor function. Further, it has been hypothesized that deep brain stimulation and 
L-DOPA medication reduce motor and non-motor symptoms by disrupting this excessive beta 
oscillatory activity. However, the extent to which non-motor networks contribute to this high 
beta activity and the impact of pathological oscillatory activity in influencing the cognitive 
deficits of PD are not well understood. 
This study used 6-OHDA-lesioned, hemiparkinsonian rats performing a circular treadmill 
walking task to compare synchronized STN LFP activity with activity in the ventral medial 
prefrontal cortex (mPFC) (i.e., the infralimbic and prelimbic cortices), and the anterior cingulate 
cortex (ACC, dorsal mPFC), areas involved in cognitive processes. Electrode bundles were 
implanted in the STN, the ACC, and the ventral mPFC of rats with unilateral dopamine cell 
lesions. LFP and spiking activity were recorded during epochs of treadmill walking in control 
animals and 21 days after dopamine cell lesion. 
Data show increases in 29-36 Hz high beta LFP spectral power in the STN and ACC and 
coherence between these regions after dopamine depletion. In contrast, recordings from the 
ventral mPFC 21 days after lesion did not show peaks in this beta frequency range. Furthermore, 
ACC, ventral mPFC, and STN showed peaks in the low gamma frequency range in LFP power - 
the ACC with a mean peak frequency at approximately 57 Hz and the ventral mPFC and STN at 
51 Hz - during treadmill walking before and 21 days after dopamine depletion. 
These results suggest that the STN integrates activity from mPFC circuits in a manner that varies 
with behavioral state, oscillatory frequency, and the integrity of the dopamine system. Our 
results may help to gain further insight into the significance of excessive beta oscillatory activity 
in PD and its influence on motor and cognitive systems. 
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Title: Effects of inhibitory DREADD in the substantia nigra pars reticulata on cortical high beta 
and high gamma LFP oscillations and behavior in hemiparkinsonian rats 
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Abstract: Loss of dopamine is associated with increased synchronization and oscillatory activity 
in the basal ganglia in both Parkinson's disease (PD) patients and animal models of PD. Our lab 
has previously observed increases in LFP power in the 25-40 Hz range in the substantia nigra 
pars reticulata (SNpr) and motor cortex (MCx) in the hemiparkinsonian rat during treadmill 
walking, as well as increases in power in the 70-120 Hz range in the MCx during L-DOPA-
induced dyskinesia. These findings suggest that the SNpr may play a role in cortical high beta 
and high gamma LFP activity during bradykinesia and dyskinesia. To study this, 
hemiparkinsonian rats (n=5) received infusion of the inhibitory DREADD virus, AAV2/8-hSyn-
hM4D(Gi)-mCherry, into the SNpr and implantation of electrodes targeting MCx and SNpr. 
Post-histological analyses revealed DREADD virus expression in the SNpr with some spread to 
surrounding areas. Similar to our previous work, exaggerated high beta LFP power in the MCx 
and SNpr and coherence between these regions were observed during treadmill walking. At 3-4 
weeks post-surgery, clozapine-N-oxide (CNO; 1.0 mg/kg, i.p.), which stimulates receptors 
expressed in DREADDs transfected neurons, caused a significant reduction in cortical high beta 
LFP activity during treadmill walking compared to before CNO. This suggests that inhibiting 
basal ganglia output may disrupt the propagation of high beta activity observed in the basal 
ganglia-thalamocortical circuit during bradykinesia. After L-DOPA priming (12 mg/kg, s.c., 
once daily for 7 days), rats received saline or CNO 15 min prior to L-DOPA (6 mg/kg, s.c.). 
Similar to our previous findings, cortical high gamma LFP oscillations and abnormal involuntary 
movements (AIMs) were significantly increased following L-DOPA, regardless of pre-treatment. 
Interestingly, CNO pre-treatment caused significant increases in both cortical high gamma LFP 
power and AIMs from approximately 110-160 min post-L-DOPA compared to saline pre-
treatment. CNO-mediated inhibition of the SNpr may enhance and extend L-DOPA-mediated 
inhibition of basal ganglia output, leading to further disinhibition of the thalamus, which would 
excite the MCx, resulting in exaggerated high gamma activity and dyskinesia. Ongoing 
DREADDs experiments are further investigating the contribution of the SNpr to cortical high 
beta and high gamma oscillations during bradykinesia and dyskinesia, as well as the spiking 
activity of SNpr and MCx under these conditions. 
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Title: Changes in neuronal activity of cortico-basal ganglia-thalamic networks induced by 
dopaminergic manipulations 
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Abstract: The basal ganglia are comprised of several subcortical nuclei that are interconnected 
with the cerebral cortex, thalamus, and brainstem and are thought to be particularly involved in 
processes relating to action selection and the execution of goal-directed movements. In the 
cortico-basal ganglia-thalamic circuitry dopamine plays an important role in maintaining the 
normal function in movement control. This is evident for example in the symptomatology of 
Parkinson’s disease, where the death of a large fraction of the dopaminergic cells in the midbrain 
leads to severe motor dysfunctions. In order to investigate how disruptions in dopamine signaling 
affect the neurophysiological activity in the cortico-basal ganglia-thalamic loop, we have here 
acquired large-scale neuronal recordings in rodents prior to and following acute and chronic 
interference with the transmission of this neuromodulator. Acute pharmacological interventions 
include both the blockage of dopamine synthesis from tyrosine using alpha-methyl-p-tyrosine 
(AMPT) and antagonism of dopaminergic receptors (either type D1R or D2R, or D1R+D2R). 
Chronic dopamine depletion was obtained by unilateral medial forebrain bundle 6-OHDA 
lesions. Neuronal recordings in female Sprague-Dawley rats were obtained simultaneously in 16 
different regions of the cortico-basal ganglia-thalamic loop (8 per hemisphere), sampling both 
local field potentials and single cell activity under the different experimental conditions. In local 



field potential recordings we could confirm the previously reported relative increase in power in 
the beta-band. In particular, the exaggerated beta was found in experiments with chronic 
depletion as well as with AMPT, D1R+D2R antagonist and D2R antagonist, however, the 
increase was not as clear for the D1R antagonist alone. At the same time, all acute interventions 
had very similar behavioral effects, i.e. in all animals drug-induced catalepsy could be confirmed 
in direct tests. Analysis of unit activity suggested complex patterns of changes in firing rate in 
the different structures, indicating simple rate models stemming from the concept of opposing 
effect in the direct and indirect pathway are not sufficient to capture the observed data. These 
data provide for the first time a detailed description of both the acute and chronic effects of 
disrupted dopamine signaling on the neurophysiological activity in the cortico-basal ganglia-
thalamic loop. 
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Abstract: L-DOPA is the standard treatment for the akinetic motor symptoms of late-stage 
Parkinson’s disease (PD), however chronic treatment leads to abnormal involuntary movements, 
known as L-DOPA-induced dyskinesia (LID). Modulation of aberrant striatal dopamine (DA) 
release from serotonin (5-HT) terminals, via 5-HT1A receptor stimulation, has been shown to 
attenuate LID severity in rodent and non-human primate models. Clinically, previously-used 5-
HT1AR agonists have only been modestly effective at reducing LID and may worsen PD motor 
symptoms and increase liability for 5-HT syndrome. In recent years, the highly selective G-
protein biased 5-HT1AR agonists F13714 and F15599 have been employed to target either pre-
synaptic auto-receptors or cortical hetero-receptors, respectively. The present study utilized these 
compounds to better understand the role of distinct striatal 5-HT1AR populations in dyskinetic, 
hemi-parkinsonian rats. In Experiment 1, a cohort of rats received systemic injections of vehicle, 
F13714 (0.01 or 0.02 mg/kg, s.c.), or F15599 (0.06 or 0.12 mg/kg, s.c.) 5 minutes prior to L-



DOPA (6 mg/kg, s.c.) in a within-subjects counterbalanced design. In Experiment 2, a second 
cohort of rats received bilateral striatal cannulations concurrent with DA lesion. After L-DOPA 
priming, animals were split into two equally dyskinetic groups, one that received intrastriatal 
microinjections of F13714 (0, 2 or 10 µg in 1 µL) and another receiving F15599 (0, 10, or 30 µg 
in 1 µL), 5 minutes prior to systemic L-DOPA (6 mg/kg, s.c.) administration. LID and 5-HT 
syndrome were rated in both experiments, but motor performance was only rated in Experiment 
1. Results from Experiment 1 showed that whilst both compounds effectively reduced dyskinesia 
without interfering with the therapeutic effects of L-DOPA, stimulation of 5-HT1A autoreceptors 
induced marked 5-HT syndrome in these acute administration experiments. Striatal 
microinjections in Experiment 2 yielded a similar pattern of effects, suggesting that these 
compounds work via striatal 5-HT1ARs to reduce LID. This study implicates differential roles for 
striatal 5-HT1A auto- and hetero-receptor populations in the therapeutic effects of non-specific 5-
HT1AR agonists on LID expression and suggests the promise of selective 5-HT1AR targeting for 
clinical LID treatment. 
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Abstract: During Parkinson's disease, dopamine deprivation produces modifications on several 
synaptic inputs connecting substantia nigra pars reticulata (SNr) neurons (e.g., Ibañez-Sandoval 



et al., 2007; Aceves et al., 2011), these changes in turn produce changes in the firing patterns in 
the neurons of the SNr. This feature may represent the cellular basis of a major pathological sign 
of the disease in both animal models and patients: correlated firing and anomalous synchrony in 
basal ganglia output neurons. In the present work, we perform whole cell recordings of SNr 
neurons in mouse brain slices from healthy and parkinsonian subjects. The firing pattern of SNr 
neurons in control conditions is mostly regular and tonic. After either acute blockade of D1 and 
D2 dopamine receptors with their respective selective antagonists (sulpiride and SCH23390) or 
after the lesion of the dopaminergic neurons with 6-OHDA, the firing pattern of SNr neurons 
becomes irregular and bursty. Because under control conditions TRP cationic and T type calcium 
channels have been implicated in the generation of firing of SNr neurons, we decided to 
determine whether on pathological conditions they remain as an important component of the 
firing machinery. Here, we confirm that hypothesis. Given that SNr neurons are the first target of 
the substantia nigra pars compacta dopaminergic neurons, we propose that we can assay 
Parkinson's disease pharmacological treatments evaluating their effects in the firing pattern of 
these neurons. 
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Abstract: Parkinson’s Disease (PD) is a neurodegenerative disorder characterized by nigro-
striatal dopamine (DA) cell loss resulting in pronounced motor deficits. DA replacement therapy 
first with DA agonists and subsequently L-DOPA, initially reduces motor symptoms, but 
eventually patients experience loss of treatment efficacy and abnormal involuntary movements 
(AIMs) develop. The DA D1 receptor (D1R), expressed on the medium spiny neurons of the 
direct pathway, has been strongly implicated in dyskinesia and changes in D1R signaling 
associated with dyskinesia development and expression. DA D3 receptors (D3R) have also been 



shown to play a role in dyskinesia development though D3R mechanisms are less understood. 
More recent work has suggested an interplay between D1R and D3R. In vitro, co-localization of 
D1R with D3R in the form of a heteromer synergistically enhances select downstream substrates, 
such as extracellular signal-regulated protein kinase (ERK 1/2) in its phosphorylated form 
(pERK 1/2). In the unilateral 6-hydroxydopamine rat, D1R and D3R agonists dose-dependently 
induce dyskinesia and importantly, their co-administration induces synergistic expression of 
dyskinesia. To better understand how D1R-D3R co-activation leads to in vivo alterations in 
downstream signaling, we monitored levels of ERK1/2 and pERK1/2 after individual or 
collective administration of D1R and/or D3R agonists. To do so, adult male Sprague-Dawley rats 
were given unilateral DA lesions to the medial forebrain bundle. Three weeks later, rats were 
given daily L-DOPA (6 mg/kg; s.c.) for 2 weeks to establish stable dyskinesia expression. Rats 
were then treated with either vehicle, the D1R agonist SKF38393, the D3R agonist (+)PD128907 
or a combination of both and dyskinetic behaviors were measured. Thirty minutes later, striatal 
tissue was harvested and later analyzed via western blot. Initial findings indicate pronounced 
behavioral synergy and treatment-dependent changes in cellular signaling, supporting the 
induction of pERK1/2 as a cellular consequence of D1R-D3R interactions in the DA-depleted 
striatum. 
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Title: Spatiotemporal inhomogeneity of pathological beta activities in the motor cortex of hemi-
parkinsonian rats 
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Abstract: Excess beta-band power (13-30Hz beta oscillations) in the local field potentials 
(LFPs) of the motor cortex and in several basal ganglia nuclei is the most prominent feature of 
Parkinsonian pathophysiology. However, it is not known how and to what extent pathological 
beta activity might override the functional activity in the motor cortex. Specifically, the 
spatiotemporal dynamics of pathological neural activity within the Parkinsonian motor cortical 
microcircuits have not been characterized at suitable spatial resolution. To address this question, 
we utilized microelectrode arrays (MEAs, 400µm electrode pitch) implanted unilaterally (6x6 
MEA) or bilaterally (two 5x5 MEAs) into the anterior forelimb area of motor cortices in 6-
OHDA-induced hemi-Parkinsonian rats. Recordings were obtained during free behavior or while 
animals performed a harnessed lever pressing task. In short, animals were conditioned to press a 
lever with their right forelimb upon onset of a light cue to receive a reward. LFPs were extracted 
from MEA recordings and their spatiotemporal dynamics were examined with spectral, 
correlation, and coherence analyses. Unilateral 6-OHDA lesions led to stereotypical 
asymmetrical motor deficits such as akinesia and rotational bias. Accompanying motor deficits, 
elevated beta-band power in LFPs was observed on the lesioned side of motor cortex. 
Interestingly, these beta oscillations appeared intermittently only at certain locations as distinct 
spatial activity patterns. A linear discriminant analysis showed that the beta band power at some 
recording sites was indistinguishable from control levels. However, further analysis indicated 
that these sites could be distinguished from control sites by their phase coherence. We found, 
within the lesioned motor cortex, excess phase coherence at the beta band between pairs of 
recording sites. The beta synchrony was not distributed uniformly; it was more pronounced 
between sites with higher beta power. We note that the motor cortex has been tested as an 
alternative modulation target for Parkinson’s disease, e.g. by transcranial magnetic stimulation. 
In our microcircuit work, the observed variations in beta-band power and phase synchrony across 
the motor cortex implied the presence of inhomogeneity in the extent of cortical Parkinsonism; 
and hence, might offer a route to potential therapeutic benefit via differential neuromodulation at 
different motor cortical sites. Such modulation paradigm could potentially allow more specific 
control of motor cortical activity, and thereby motor symptoms, while reducing interference of 
stimulation on eloquent functional motor activity. 
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of Parkinson's disease 

Authors: *K. J. MASTRO1, K. T. ZITELLI1, A. M. WILLARD2, K. H. LEBLANC3, A. V. 
KRAVITZ3, A. H. GITTIS2;  
1Neurobio., Univ. of Pittsburgh, Pittsburgh, PA; 2Carnegie Mellon Univ., Pittsburgh, PA; 
3NIDDK, Natl. Institude of Hlth., Bethesda, MD 

Abstract: In Parkinson’s disease (PD), the external segment of the globus pallidus (GPe) is a 
key contributor to the induction, propagation and maintenance of network dysfunction within the 
basal ganglia. In the classical rate model of basal ganglia dysfunction, the loss of dopamine shifts 
the balance of the two functionally opposing pathways: motor-facilitating direct and motor-
suppressing indirect. An overactive indirect pathway leads to the cardinal symptoms of PD: 
bradykinesia and immobility. To test the efficacy of pallidal stimulation to reduce indirect 
pathway activity and alleviate parkinsonian motor symptoms, we used an optogenetic approach 
to modulate activity in the GPe in a global, or cell-selective manner. Our results demonstrate that 
global increases or decreases in GPe activity are minimally effective at restoring movement in 
bilaterally dopamine-depleted mice, but in contrast, cell-specific stimulation strategies were 
highly effective. Specifically, activation of Parvalbumin-positive (PV-GPe) neurons, or 
inhibition of Lim homeobox 6-positive (Lhx6-GPe) neurons restored movement to near pre-
lesion levels. Intriguingly, this behavioral rescue did not cease at the end of stimulation, but 
persisted for hours. At the end of the 4-hour experiment, all mice still exhibited near pre-lesion 
levels of locomotion. For comparison, we tested the ability of direct-pathway stimulation to 
rescue movement in bilaterally-depleted mice. Behavioral recovery as a result of direct pathway 
stimulation was neither as robust, nor as persistent as cell-specific manipulations in the GPe. In 
future experiments, we will use in vivo electrophysiology within the output nucleus of the BG to 
observe circuit-level alterations before, during and after the optogenetic stimulation. In summary, 
these results demonstrate that cell-specific activation of PV-GPe or inhibition of Lhx6-GPe 
neurons provide a long-lasting recovery in motor function and establish the existence of two 
functionally distinct cell populations in the GPe. 
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Abstract: Parkinson's disease (PD) is a chronic progressive neurodegenerative movement 
disorder characterized by a profound and selective loss of nigrostriatal dopamine (DA) neurons. 
Clinical manifestations of this complex disease include motor impairments involving resting 
tremor, bradykinesia, postural instability, gait difficulty and rigidity. The molecular adaptation of 
striatal neurons to DA deficiency, mostly accountable for the motor manifestations, remains 
poorly understood. Epigenetic modifications of histone proteins exert fundamental roles in 
developmental processes and their deregulation is suspected in the progression of diverse human 
disorders. Acetylated and deacetylated histones are considered epigenetic tags within chromatin 
by relaxing or tightening chromatin structure, subsequently increasing or decreasing gene 
transcription levels. In the present study, we verify whether acetylation of histone proteins play a 
role in the molecular adaptation of striatal neurons and the impaired motor behavior associated 
with DA depletion. The neurotoxin MPTP was acutely administered to adult mice using 4 
injections of 20 mg/kg, i.p., every 2 hours. Mice were sacrificed 1 or 7 days after MPTP 
injections. To evaluate motor manifestations, we performed 7 days after treatments the beam, 
wire suspension and pole tests in vehicle and MPTP-treated mice. Impaired motor abilities were 
observed in the MPTP-treated mice in all tests; but statistical significance was reached only in 
the wire suspension test. Degrees of DA-depletion were estimated by the evaluation of tyrosine 
hydroxylase (TH) levels in the striatum using western blot technique. We observed a 45% and a 
60% reduction in striatal TH levels in mice sacrificed 1 and 7 days after MPTP injections, 
respectively. Modification of histone acetylation was assessed in the striatum of mice following 
MPTP treatments by western blot. Elevated levels of lysine 9-acetylated histone H3 (H3K9ac) 
were observed in MPTP mice 1 day after injections. In MPTP-treated mice sacrificed 7 days 
after injections, levels of H3K9ac were even more important and reached statistical significance. 
These preliminary results indicate that DA depletion triggers epigenetic modification of histone 
proteins in the striatum of MPTP-treated mice. Although conclusion about the relationship 
between PD, motor manifestations and striatal histone acetylation would need further 
investigations, studying epigenetic mechanisms will be helpful to understand the etiology of PD 
which is essential for therapeutic strategies of this disease. 
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Abstract: Parkinson's disease (PD) is characterized by the gradual loss of dopamine in the basal 
ganglia that produces dramatic changes in circuit physiology and ultimately motor function. In 
humans, levels of dopamine degenerate at a rate of ~11% over the course of 10-20 years where 
motor deficits do not appear until a significant amount of dopamine is lost. Despite abundant 
evidence for the gradual loss of dopamine in humans, most studies utilizing neurotoxin ablation 
of dopamine neurons use acute, unilateral administration to understand PD physiology. Though 
many of these studies are instrumental in our understanding of basal ganglia circuit dysfunction, 
the period over which dopamine is lost may be a necessary component for the brain to adapt and 
therefore more closely recapitulate the physiological characteristics found in the patient 
population. Based on recent behavioral evidence (Willard et al., 2015), the rate at which 
dopamine is depleted can impact the degree of motor preservation at late stages. We 
hypothesized that the gradual decline in dopamine may alter the way in which the basal ganglia 
adapt to the new brain state and may challenge current descriptions of parkinsonian physiology. 
In this study, we compared the neural activity within basal ganglia nuclei of awake head-
restrained mice that had undergone gradual or acute bilateral dopamine depletion with 6-
hydroxydopamine administration in the medial forebrain bundle. Further investigation utilizing 
gradual bilateral dopamine depletions could aid in uncovering potential compensatory 
maintenance of neural activity within the basal ganglia, and enhance our understanding of the 
role of dopamine in basal ganglia function. 
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Abstract: Since the discovery of the link between the glucocerebrosidase (GBA) gene and 
Parkinson’s disease (PD), a substantial amount of attention has been directed towards the 
mechanisms by which the glucocerebrosidase protein (GCase) and lysosomal dysfunction 
contribute to α-synuclein pathology and PD. Research into this area has identified a consistent, 
inverse, and bidirectional relationship between GCase activity and α-synuclein protein 
concentration, although a specific biochemical relationship has yet to be elucidated. GCase is a 
lysosomal hydrolase that is active in a dynamic degradative process known as the 
glycosphingolipid salvage pathway, critical for the recycling and re-synthesis of new lipids. 
Interestingly, deficient GCase activity results in Gaucher Disease (GD) in an autosomal recessive 
manner. We used the Simulation Environment for Experimental Design (SEED) to model and 
simulate, at a pathway level, the molecular interactions of GCase and sphingolipid metabolism. 
In Silico protein content was quantified following various knock out and overexpression models 
within this pathway and data was visualized and quantified, allowing for the modeling of GCase 
related abnormalities such as those observed in PD and GD. Additionally the degradative 
pathway of short chain glycosphingolipids was represented by SEED allowing for the basic 
modeling of abnormalities in a number of lysosomal storage disorders (e.g GM1 gangliosidosis 
or Tay Sachs disease). 

Disclosures:  I. Ikeda: None. J.W. Ryan: None. T.J. Sweeney: None. A.D. Lee: None. B. 
Behrouz: None. 



Poster 

602. Rodent Models and Therapeutics in Parkinson's Disease 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 602.28/V1 

Topic: C.03. Parkinson’s Disease 

Title: Adressing mitochondrial dysfunction in iPSC derived neurons from GBA1 associated 
Parkinson's disease patients 

Authors: *D. C. SCHÖNDORF, L. K. SCHWARZ, D. INVANYUK, M. ZARANI, S. DE 
CICCO, T. GASSER, M. DELEIDI;  
Neurodegeneration, DZNE Tübingen, Tuebingen, Germany 

Abstract: Heterozygous mutations in the β-glucocerebrosidase (GBA1) gene represent the most 
common genetic risk factor for Parkinson’s disease (PD) known to date. Even though 
mitochondrial dysfunction has been described to play a role in the disease, it is still unclear 
whether a loss of glucocerebrosidase enzymatic activity or a gain of function of the misfolded 
enzyme contributes to disease pathogenesis. In order to study the role of GBA1 loss of function 
in PD, we generated GBA1 knock out (-/-) induced pluripotent stem cells (iPSCs) using CRISPR–
Cas9 technology. To this end, a deletion was introduced in both copies of the GBA1 gene in 
iPSCs from healthy individuals as well as PD patients with GBA1 mutations. Multiple KO lines 
from each subject were selected and differentiated into midbrain dopaminergic (DA) neurons. 
No significant differences in DA neuronal differentiation potential were observed between 
GBA1-/- iPSCs and corresponding isogenic controls. GBA1 PD and GBA1-/- neurons showed 
increased production of reactive oxygen species, impaired respiration and reduced mitochondrial 
membrane potential compared to wild type isogenic controls. Next, we assessed energy 
metabolism in iPSC-derived neurons and investigated the therapeutic effect of targeting 
mitochondrial function in GBA-PD. 
Our data suggest that mitochondrial dysfunction plays a role in the pathogenesis of GBA-PD, 
thereby providing a tool for the development of therapeutic strategies for PD. 
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Abstract: Mutations in GBA, the gene encoding glucocerebrosidase, are associated with an 
enhanced risk of developing synucleinopathies such as Parkinson’s disease (PD). Recent studies 
have also demonstrated that genetic variation in GBA can impact the progression of PD. Patients 
harboring mutations in GBA present higher prevalence and severity of motor and non-motor 
symptoms. However, the precise mechanisms by which mutations in GBA increase PD risk and 
exacerbate its progression remain unclear. Here, we investigated the merits of glucosylceramide 
synthase (GCS) inhibition as a potential treatment for synucleinopathies. A Gaucher-related 
synucleinopathy mouse model (GbaD409V/D409V) was treated with an orally available brain-
penetrant GCS inhibitor, Genz-667161 for 8 months. This intervention prevented CNS substrate 
lipid accumulation. Most notably, treatment with the GCS inhibitor slowed the accumulation of 
hippocampal aggregates of α-synuclein, ubiquitin and tau, and improved the associated memory 
deficits. The effects of the GCS inhibitor were also studied in a mouse model overexpressing α-
synuclein, PrP-A53T-SNCA, and harboring wild type alleles of GBA. Treatment of PrP-A53T-
SNCA mice with Genz-667161 for 6.5 months reduced membrane-associated α-synuclein in the 
CNS and ameliorated cognitive deficits. Collectively, the data indicate that inhibition of GCS 
can modulate processing of α-synuclein and reduce various α-synuclein entities, thereby 
reducing the progression of synucleinopathies in mice with and without mutations in GBA. The 
present study provides supporting evidence for the clinical development of brain-penetrant GCS 
inhibitors in PD and other synucleinopathies. 
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Abstract: Parkinson’s disease (PD) is associated with abnormal neural activity in the basal 
ganglia and cortex. Subthalamic nucleus (STN) and globus pallidus (GP) deep brain stimulation 
(DBS) are both effective in suppressing PD motor symptoms by altering cortical activity, 
however the anatomical pathways responsible for this modulation remain unclear. Cortical 
evoked potentials (cEP) generated by STN or GP DBS are a key biomarker encoding the 
response of cortex to subcortical stimulation. The goal of this study was to determine the neural 
origin of STN and GP DBS induced cEP. We performed M1 electrocorticography (ECoG) 
recordings with skull mounted screws during 4.5 Hz STN and GP DBS in healthy awake rats. 
We then used a detailed biophysical model of the thalamocortical (TC) network (Traub et al. 
2005) to decipher the neural origin of the cEP signal. 
The predominant in vivo STN DBS induced cEP pattern (n=7/16 rats) included short latency 
positive (P1), intermediate latency negative (N1), and long latency positive (P2) responses. 
Major features of the STN DBS induced cEP response pattern in rats matched well with those 
from humans (Walker et al. 2012), although there were differences in peak latencies between the 
rat and human cEPs. STN DBS was simulated in the computational model by activating axons of 
layer 5 pyramidal neurons and by injecting inhibitory postsynaptic current into thalamus (TH) 
mimicking activation of antidromic (corticospinal, CS) and orthodromic (STN-entopeduncular 
nucleus-TH) pathways respectively. Model-based STN DBS cEPs matched remarkably well in 
vivo responses. P1 and N1 responses were due to the direct and rebound activation of L5 
pyramidal neurons, respectively, while polysynaptic activations of L5 and L2/3 pyramidal 
neurons resulted in the long latency response. Orthodromic activation produced an inhibitory 
effect on TH and reduced the amplitude of the long latency response. 
GP DBS induced cEP (n=6/11 rats) exhibited P1, N1, P2 responses similar to STN DBS, 
however the magnitude and latency of response components were different. GP DBS was 
simulated in the computational model by stimulating axons of L5 pyramidal and TH neurons 



mimicking activation of CS and TC fibers in the internal capsule. P1 response in model cEP was 
due to the direct activation of L5 pyramidal neurons, while trans-synaptic activations of L2/3 and 
L6 pyramidal neurons generated N1 and P2 responses. 
Establishing the anatomical pathways responsible for cortical modulation during STN and GP 
DBS lays a foundation for better understanding of therapeutic targets and thereby optimizing 
DBS electrode placement. 
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Title: Neurolincs imaging - illuminating human motor neuron biology 
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Abstract: The goals for NeuroLINCS are to empirically determine key features that distinguish 
cellular states and to develop models for predicting how cells respond to perturbagens. We are 
interested in human iPSC-derived neurons from people with and without motor neuron disease. 
Using robotic microscopy (RM), we can identify and track individual cells over time and 
quantify the relationship between intermediate changes in cellular physiology and eventual fate. 
This quantitative molecular phenotyping enables us to construct multivariate predictive models 
of fate, which we will integrate with data generated from other NeuroLINCS sites, to provide 
comprehensive molecular “signatures” for our cell types of interest. Here, we present new image 
analysis techniques and cellular reporters that are illuminating new features of human motor 
neurons from patients with SMA and ALS, including those from sporadic patients and others 
with mutations in C9ORF72 and SOD1. 
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Title: Answer ALS: Establishing a clinical and comprehensive multi-omics signature for ALS 
employing induced pluripotent stem cell derived motor neurons from 1000 sporadic and familial 
ALS patients nationwide 
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Abstract: ALS, like many other neurodegenerative diseases, likely represents a collection of 
different subtypes of patient populations and molecular etiologies. Over a dozen different genetic 
mutations cause familial ALS (fALS) and fALS is clinically indistinguishable from the far more 
common sporadic ALS. Disappointingly, no new drug treatments have been found to be 
reproducibly successful in large clinical trials since the first and only FDA approved drug, more 
than 20 years ago. Using approaches gleaned from personalized medicine approaches in cancer, 
Answer ALS was conceived and organized as a comprehensive multi-omics approach to ALS to 
ascertain, at a population level, the various clinical-molecular- biochemical subtypes of ALS. 
The overall organization was built on the collaborative NIH initiated NeuroLinc’s consortium. 
Specifically, ALS patients nationwide are being enrolled at 6 University clinics distributed 
throughout the USA and longitudinally followed with deep clinical data collection. In addition, 



patients wear a personal health monitoring device with a linked Android/iOS app collecting 24/7 
data on motor activity, sleep activity, heart rate, motor performance and learning “games”, voice 
and pulmonary function. The iPS derived neurons are centrally generated from a novel, rapid and 
highly reproducible specific differentiation protocol. Whole genome sequencing, 
transcriptomics, epigenomics, proteomics, metabolomics, lipomics, high content imaging and 
longitudinal high throughput single cell analysis are collected on the patients iPS motor neurons 
also employing standardized and parallel cultures. Integrated clinical and biological signatures 
are being generated using bioinformatics, statistics and computational biology to establish 
patterns that may lead to a better understanding of the underlying mechanisms of disease. The 
data acquired in this consortium effort is open source and freely available online to academic and 
commercial researchers along with the library of patient derived iPS cells, all without IP 
restrictions. Ultimately the data will be analyzed using deep machine learning algorithms 
performed in collaboration with partner organizations. The overall goal of this comprehensive 
individualized clinical and biological national effort will be to identify biological subsets of ALS 
which will inform future clinical trials, help develop therapies targeting the proper molecular 
pathway for the right patient subgroup, provide a platform of human patient derived authentic 
neurons for use in patient subgroup drug discovery and appropriate biomarker and/or 
pharmacodynamic markers for use in clinical trials. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is an adult onset neurodegenerative condition in 
which loss of upper and lower motor neurons occurs, while Spinal Muscular Atrophy (SMA) 
affects only the lower motor neurons and occurs in infants and young children. In both diseases, 
there is loss of neurons due to cell death which ultimately leads to impaired muscle function. 
Determining if and how these two diseases are linked at the molecular level can be investigated 
by employing cell wide proteomic analysis to determine the effects of single genetic 
perturbations (C9 and SMN1) that drive the ALS and SMA disease phenotype. Ideally the 
molecular profile of affected motor neurons in disease would be interrogated in vivo, but this is 
challenging and precludes experimentation to deduce cause and effect. iPSC derived motor 
neurons allow for the interrogation of the discrete molecular effects of specific genetic 
perturbations within the context of human genomic backgrounds upon which disease is made 
manifest, and furthermore enables chemical and environmental perturbations to further elucidate 
molecular pathology in ALS. The goal of this study was to identify disease specific molecular 
signatures characteristic of known disease phenotypes including neuronal cell death in an iPSC-
derived motor neuron model of ALS and SMA. We have generated motor neuron precursors 
(iMNs) from the iPSCs derived from healthy human patients as well as those with SMA and 
ALS, (n=4/group). We hypothesize that by quantitative proteomic analysis we will elucidate the 
disease specific pathways and through bioinformatics analysis, be able to link the convergent and 
divergent pathways that lead to MN cell death in both ALS and SMA when compared to control. 
In this study, we used the cutting edge proteomic approach, Data Independent Acquisition Mass 
Spectrometry (DIA-MS, also referred to as SWATH), and by first constructing a iMN sample 
specific DIA peptide assay library we used a targeted analysis approach to quantitate 3934 
proteins across the 12 iMN samples. Our quantified proteome included key neuronal markers, 
such as MAP2, DCX and Snap25 and enriched protein classes include vesicle coat proteins, 
SNARE proteins, and non-motor microtubule binding proteins. Future studies include 
fingerprinting the molecular pathology of the disease at earlier stages in culture by comparing 
this set of iMN data to its iPSC counterpart in an effort to tease out any pathways that are 
affected by cell maturation and development, as well as reveal disease specific pathways that can 
then be associated with single genetic perturbations. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a severe neurodegenerative disease impacting 
motor neurons in the brain and spinal cord, with ensuing paralysis and death. With the 
advancements in human induced pluripotent stem cell technologies, there is a unique opportunity 
to define the molecular networks that govern cellular responses to disease. Through the 
NeuroLINCS consortium, a series of molecular, cellular and data analytic approaches are being 
used to generate cell signatures from human brain cells derived from unaffected individuals and 
subjects with ALS or spinal bulbar muscular atrophy (SMA). We first used differentiated motor 
neurons from individuals with an ALS-causing hexanucleotide repeat expansion in C9orf72 to 
investigate how this dominant mutation affects the epigenomic landscape that may drive 
transcriptomic dysregulation. iPSC-derived motor neurons from ALS and control patients were 
analyzed using total RNAseq to define changes in gene expression and alterations in exon usage 
and splicing. In parallel, ATAC-Seq, which reveals regions of open chromatin, was performed to 
identify epigenomic changes in the disease state versus control. In order to gain mechanistic 
insights into the relationship between chromatin accessibility and gene expression changes, we 
developed a tool called AChroMap (accessible chromatin mapper of transcriptional regulators), 
which allows one to determine relevant transcriptional regulators for a set of genes across disease 
states. We have applied AChroMap to identify potential important regulators in the context of 
the C9orf72 expansion that may drive transcriptional changes and contribute to potential disease 
related phenotypes. These approaches will be expanded to integrate proteomic, lipidomic, and 
metabolomic data, as well as whole genome sequencing, single cell imaging, and functional 
cellular readouts with various perturbations, and all of these data will be made available to the 
scientific community through NeuroLINCS and Answer ALS to further elucidate the pathogenic 
mechanisms in ALS motor neurons. 
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Abstract: There are many challenges involved in the production of valuable, consistent cell 
products that may be used to model diseases across different laboratories. We have addressed 
some of these challenges by creating a Production Core for human induced pluripotent stem cell 
(iPSC)-derived motor neurons that have been optimized for disease modeling studies and 
translational work. In particular, we are focusing our efforts on producing banks of motor 
neurons derived from patients with motor neuron diseases such as amyotrophic lateral sclerosis 
(ALS) and spinal muscular atrophy (SMA) using cutting-edge differentiation techniques for 
derivation and banking. Here, we describe our banking and quality control methodology with a 
focus on batch-to-batch consistency. Key aspects to the process include: standard operation 
procedure development and implementation, the initiation of a laboratory information 
management system (LIMS) for tracking manufacturing metadata throughout the growth 
process, and quality control measures such as short tandem repeat (STR) testing and 
immunocytochemistry for key motor neuron markers. Alongside these differentiation protocol 
optimizations, we are also developing genome-wide methods to assay global mRNA and protein 
expression in these cells. These analyses aim to sensitively gauge technical variability across 
batches, assess similarities to in vivo motor neurons, and detect biologically meaningful 
differences between disease and control conditions. Accounting for all these factors is critical for 
effective motor neuron-disease modeling. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is an incurable motor neuron (MN) disease that 
affects approximately 30,000 people in the USA. It manifests clinically as progressive muscle 
weakness and atrophy and results in fatal respiratory failure typically within 5 years of onset. 
Expansions of hexanucleotide repeats in the C9ORF72 gene are the leading cause of ALS, 
accounting for 8% of sporadic and 40% of familial ALS cases. However, the underlying 
mechanisms driving MN death due to C9ORF72 expansions are unknown. Three hypotheses 
regarding the mechanism of motor neuron death have emerged: (1) loss of normal C9ORF72 
function; (2) sequestration of RNA-binding proteins by transcribed hexanucleotide repeats; and 
(3) expression of toxic dipeptide repeats translated from the hexanucleotide sequence. Here, we 
use Robotic Microscopy to assess the relative contributions of each potential mechanism to cell 
death, as both expression of transcribed but not translated GGGGCC repeats and translated non-
GGGGCC dipeptide repeats are both highly toxic. Together, this powerful longitudinal, single-
cell analysis provides novel insights into the specific cellular dysfunctions and dynamics that 
drive cell death due to C9ORF72 expansions. 
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Abstract: Traditional in vitro systems used in human stem cell-based modeling of 
neurodegenerative diseases such as Amyotrophic Lateral Sclerosis (ALS) possess inherent 
limitations for biological and pathological relevance. Studies have revealed that stem cell-
derived neural tissue is unable to mature fully in vitro. This fetal-like immature phenotype 
presents a challenge when studying genetic contribution to adult-onset pathogenesis in vitro. 
Here, we hypothesize that iPSC-derived motor neurons (MNs) can better mature through 
enhanced endogenous media conditioning and the addition of developmentally relevant, non-
neuronal cell types in co-culture. To address this hypothesis, we developed a micro-engineered 
co-culture system, termed “ALS-Chip”. Calcium imaging and patch electrophysiology were used 
to characterize the functional effects of micro-media volumes on the neuronal maturation of 
induced pluripotent stem cell (iPSC)-derived MNs originating from non-disease control and ALS 
patients. We then developed a robust co-culture paradigm with iPSC-derived brain microvascular 
endothelial cells (BMECs) that forms a functional blood brain barrier across a porous membrane 
separating two distinct culture chambers. We interrogated the contribution of BMEC co-culture 
to MN maturation through morphology, transcriptomic analysis and electrophysiology. In 
addition, we introduced laminar flow in the ALS-Chip and studied the transcriptional effects of 
flow on both cell types and compared this to a traditional 96-well culture. The establishment of 
this novel ALS-Chip in vitro modeling strategy permits further studies into ALS disease 
mechanisms and blood brain barrier-related therapy development. 
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Abstract: Working in conjunction with the ubiquitin-proteasome system (UPS), the autophagy-
lysosomal pathway (ALP) plays a crucial role in the targeted degradation of damaged or 
aggregated proteins and dysfunctional organelles (1). Dysregulation of the ALP has been 
implicated in the pathogenesis of Amyotrophic Lateral Sclerosis (ALS), a progressive and fatal 
neurodegenerative disease affecting motor neurons of the brain and spinal cord (2). The G4C2 
hexanucleotide repeat expansion (HRE) in C9orf72 is the most common genetic cause of familial 
and sporadic forms of ALS, accounting for up to 30% of familial and 8% of sporadic cases (3). 
Toxicity associated with expression of this C9orf72 HRE has recently been linked to 
impairments in nucleocytoplasmic trafficking that result in the nuclear retention of RNA species 
and sluggish import of proteins destined for the nucleus (3-4). Interestingly, these nuclear import 
defects correlate with enhanced levels of cytoplasmic TDP-43, a pathological hallmark of 
roughly 97% of all ALS patients (5-6). While the exact mechanisms underlying these nuclear 
transport defects remains unclear, both G4C2 RNA and dipeptide repeat protein products of the 
repeat expansion have been linked to this dysfunction. Given the role of autophagy in the 
degradation of aggregated cytoplasmic proteins (7), it is possible that C9orf72-mediated 
mislocalization of aggregate-prone proteins such as TDP-43 may alter the degradation profiles of 
autophagosomes responsible for delivering cytoplasmic components to the lysosome for 
degradation. We developed a simple immunoprecipitation-based method to isolate pure and 
intact autophagosomes and found that these LC3-positive autophagosomal vesicles contain 
diverse protein and RNA species. Using this technique in conjunction with screening 



methodologies, we assessed how G4C2 RNA, C4G2 RNA, and their repeat-associated non-ATG 
translation (RANT) protein products altered the autophagosome degradation profiles in cell 
culture and iPSC neurons. In addition, we tested whether expression of WT and ALS-linked 
mutant TDP-43 and FUS proteins revealed common autophagosomal targets. Alterations in 
degradation profiles are currently being confirmed in ALS-patient CNS tissue regions that show 
G4C2/C4G2 RNA foci or RANT protein accumulation. The data generated from this work will 
be used to catalog unique and common targets of the ALP among genetic subtypes of ALS. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a progressive and fatal neurodegenerative 
disease characterized by the degeneration of the motor neurons and interneurons in the brain and 
spinal cord. The majority of ALS occurs sporadically (sALS; 90%) with no family history. 
Genetic studies of patients with a family history of ALS, familial ALS (fALS; 10%) have been 
studied to identify ALS-causing mutations within the human genome. Despite 32 known ALS-
causing mutations, a G4C2 repeat expansion in the first intron of the C9orf72 gene has been 
identified as the most common known genetic cause of both fALS and sALS comprising 30% 
and 8% of cases, respectively. A molecular mechanism conferring neurotoxicity for the repeat 



expansion mutation is the generation of toxic G4C2 RNAs that sequester RNA binding proteins 
and the accumulation of dipeptide repeat proteins (DPRs) through the non-canonical repeat 
associated non-ATG translation (RANT) pathway. Recent studies show that the expression of 
G4C2 or arginine-rich DPRs, products of the C9orf72 repeat expansion, dramatically alter the 
nucleocytoplasmic transport pathway. This results in the nuclear retention of RNAs and the 
reduction in the rate of nuclear import of proteins that contain a classical nuclear localization 
sequence (NLS) and the cytoplasmic enrichment of TDP-43. Moreover, components of the 
nuclear pore complex (NPC) were identified as potent modifiers of both nuclear transport defects 
and neurodegeneration in C9orf72 ALS Drosophila models. The NPC functions to regulate 
transport of molecules >40kDa across the nuclear membrane. It is comprised of thirty different 
nucleoporins and approximately half of the nucleoporins contain intrinsically disordered 
phenylalanine-glycine repeat domains (FG domains). FG Nups comprise the selective barrier of 
the NPC and their dysfunction alters the compartmentalization of nuclear and cytoplasmic 
proteins. Loss of some FG nucleoporins (FG nups) have been shown to modulate degeneration in 
C9ORF72 ALS Drosophila models. In this work, we begin to address the role of FG Nups in 
C9orf72 ALS pathobiology. Here, we employed a genetic screen in RNA and DPR Drosophila 
models of C9orf72 ALS and iPSC motor neurons to determine FG Nups important for C9orf72 
mediated neurodegeneration. Next we assessed how C9orf72 RNA and/or DPR products alter 
FG Nup biology including stability and post-translational status. Finally, we determine if 
modulating FG Nup function and contributes to or rescues nucleocytoplasmic trafficking deficits 
in C9ORF72 ALS. 
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Abstract: The G4C2 repeat expansion in the C9ORF72 gene has been identified as the most 
common genetic cause of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia 
(FTD), diseases that cause the degeneration of motor neurons and/or cortical neurons of affect 
patients. The C9ORF72 hexanucleotide repeat expansion is thought to act through a gain of 
function mechanism where the G4C2 RNA and/or its dipeptide repeat protein products (DPRs) 
impair the function of nuclear pore complexes (NPC). This leads to increased nuclear retention 
of cellular RNAs and a reduction in the nuclear import of proteins containing a classical nuclear 
localization sequence (NLS). Recent studies have revealed that genetic correction of 
nucleocytoplasmic transport via the enhancement of protein import is neuroprotective to G4C2-
expressing Drosophila. Furthermore, studies in Drosophila expressing an intronic G4C2 sequence 
suggest nuclear retention of G4C2 RNA is neuroprotective. Taken together, these data indicate 
that the nuclear export of G4C2 RNA might be a key toxic mechanism that underlies C9ORF72 
gain of function neurotoxicity. Here we aim to study the mechanism of G4C2 RNA nuclear 
export employing iPSC motor neurons from C9ORF72 ALS patients. The G4C2 RNA has been 
shown to form hairpins and G-quadruplex structures and might therefore highjack a number of 
nuclear export pathways for similar structured RNAs. To test this, we modulated critical 
components of the export machinery for mRNA, tRNA, snRNA, miRNA, and rRNA and 
assessed G4C2 RNA foci localization and DPR accumulation. In addition, we evaluated whether 
reducing the nuclear export of G4C2 RNA rescues nucleocytoplasmic trafficking defects 
previously observed in C9ORF72 iPSC neural cultures. Thus, if inhibiting G4C2 RNA export 
rescues these defect, it may act as a novel strategy for therapeutic development for C9ORF72 
ALS/FTD. 

Disclosures:  M.R. Marks: None. J.R. Mann: None. A.M. Gleixner: None. C.J. Donnelly: 
None. 



Poster 

604. Neuroprotective Mechanisms: Models of Neurotoxicity, Excitotoxicity, and Stroke 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 604.01/V13 

Topic: C.06. Neurotoxicity, Inflammation, and Neuroprotection 

Support: NIH IAA #AOD14018-001-00000 

Title: Determining the minimum neuroprotective dose of n6-cyclopentoadenosine that prevents 
seizure after exposure to soman and vx nerve agents. 

Authors: *T. P. THOMAS1, T.-M. SHIH2;  
1Army Res. Lab., Aberdeen Proving Ground, MD; 2US Army Med. Res. Inst. of Chem. Def., 
Aberdeen Proving Ground, MD 

Abstract: Nerve agents, such as soman (GD) and VX, produce toxic effects via 
acetylcholinesterase inhibition. Current medical countermeasures display limited efficacy in 
preventing seizure and neuropathology. Previously, we showed that N6-cyclopentoadenosine 
(CPA), an agonist for the A1 adenosine receptor (AR), effectively prevented seizure and 
neuropathology at 55-60 mg/kg (intraperitoneally) in a GD seizure rat model. Although CPA was 
neuroprotective at that high dose, there were unwanted side-effects such as sedation and 
depression of cardiac output. This study aimed to determine if lower doses of CPA could prevent 
GD-induced seizure with fewer side-effects. Therefore, we conducted a dose escalation 
experiment to determine the minimum effective dose of CPA that prevented excitotoxicity after 
GD exposure for 24 hrs. Specifically, rats received CPA at 25, 30, 40, 50, or 60 mg/kg 1 minute 
after a 1.6xLD50 dose of GD. For control, rats received saline (i.e., 0 mg/kg CPA). Full 
protection from GD seizure was only achieved at 60 mg/kg (N=10). At 0, 30, 40, and 50 mg/kg, 
seizure rates were 100% (N=12), 67% (N=6), 50% (N=4), and 40% (N=5) respectively. 
Although CPA at 40 and 50 mg/kg did not prevent 100% seizure, all rats survived until the 
study’s endpoint (at 24 hrs)-a significant improvement over the control group (0% survival). 
Whereas rats receiving 0 mg/kg CPA displayed severe cholinergic symptoms (e.g., salivation), 
hypersecretions were suppressed by CPA treatment at doses ≥ 40 mg/kg. Consequently, 
peripherally administered CPA may provide compressive protection by mitigating both 
peripheral and central cholinergic crises. Since the efficacy of neuroprotectants may vary 
between G and V nerve agents, we also evaluated CPA’s efficacy against a challenge of VX at 
1.6xLD50. Investigation started by comparing the effects of CPA 0 mg/kg (control) to 60 mg/kg 
after VX. Twelve of the 14 controls experienced seizure and 7 survived 24 hrs. CPA at 60 mg/kg 
provided complete protection from seizure, and 10 of the 13 rats survived 24 hrs. Moreover, rats 
receiving 60 mg/kg treatment did not display peripheral signs. The success of 60 mg/kg of CPA 
prompted a dose reduction study where CPA was lowered until seizure activity was detected. In 



all, we tested 60, 50, 40, 30, 20, 10, and 5 mg/kg CPA. Seizure was only detected in rats 
receiving CPA at 5 mg/kg. At that dose, 50% of the rats experienced intermittent seizure activity. 
The minimum effective dose that prevented all VX seizure was 10 mg/kg. The mechanism for 
CPA’s marked efficacy at significantly lower doses for VX vs. GD requires further study. 
Although the doses differ, CPA proved to be a highly protective treatment strategy for both G 
and V agents. 

Disclosures:  T.P. Thomas: None. T. Shih: None. 

Poster 

604. Neuroprotective Mechanisms: Models of Neurotoxicity, Excitotoxicity, and Stroke 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 604.02/V14 

Topic: C.06. Neurotoxicity, Inflammation, and Neuroprotection 

Support: NIH grant NS076448 

Title: Brief exposure to isoflurane as a post-exposure treatment against organophosphate 
chemical threat agents. 

Authors: *J. KRISHNAN1, J. R. MOFFETT2, T. H. FIGUEIREDO2, A. P. APPU2, P. ARUN2, 
M. F. BRAGA2, A. M. NAMBOODIRI2;  
1APG, USUHS, Bethesda, MD; 2APG, USUHS, Betheda, MD 

Abstract: Organophosphate poisoning is a significant world health problem, claiming thousands 
of lives per year through intentional and unintentional pesticide exposure. Potential for a 
terrorism based release scenario has made the situation worse. Organophosphate based chemical 
threat agents (CTA) exert their toxic effects through cholinergic over-activation during the initial 
phase. However, if not treated immediately, shifts to a glutamatergic phase which can lead to 
status epilepticus (SE), irreversible neuronal degeneration and long term CNS damage. Prognosis 
for any CTA-based post exposure treatment is poor since most drugs fail to inhibit the post 
exposure phase of non-cholinergic activation. Recently, we have reported that intranasal delivery 
of obidoxime (OBD) provides almost 100% neuroprotection against lethal dose of paraoxon 
when administered 5 mins after intoxication. In subsequent studies, we have examined the post 
exposure time window of effectiveness and found that OBD was not effective at 30 min. During 
these studies, we have discovered that isoflurane, the anesthetic used for the intranasal delivery, 
was very effective as a post exposure neuroprotectant. Sprague Dawley rats (250 ±40g) were 
exposed to lethal dose of paraoxon (4mg/kg) and were randomly assigned to control group and 
isoflurane treated group with a time course from 10min to 2 hours. Isoflurane treatment involved 



2% isoflurane exposure for 3 mins followed by 5% for 1 min in 100% oxygen. All animals 
exhibited at-least stage 3 seizures, according to modified Racine scale until they were treated 
with isoflurane. Post exposure Isoflurane treatment decreased seizure severity significantly with 
the peak effectiveness when isoflurane was given around 30 min post exposure. Animals were 
euthanized at 24 h following transcardial perfusion using 4% formaldehyde and Fluoro-Jade-C 
staining was performed in brain slices. There were extensive neuronal degeneration in the 
surviving untreated control animals 24 hours after paraoxon administration, whereas 
degenerating neurons decreased significantly in the isoflurane treated groups, with the greatest 
reduction at around 30 min post treatment period. Dose -response studies indicated that exposure 
to 2% isoflurane for 3 min followed by 1 min exposure in the -3.5 to 5% range is effective. 
Studies are in progress to determine the possible mechanisms involved. Our subsequent goal is to 
develop isoflurane as a post exposure treatment for CNS damage caused by CTA exposure in 
view of the lack of toxicity due to the brief exposure required, noninvasive nature and 
attractiveness for field applications in a terrorism scenario. 
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Abstract: Gulf War Illness (GWI) is a neurological syndrome afflicting about 25% of veterans 
from the Gulf War (1990-1991). The etiology of the GWI are the neurotoxicants to which the 



veterans were exposed. The relevant neurotoxicants include traces of sarin, pyridostigmine (PB), 
N,N-diethyl-meta-toluamide (DEET), and permethrin (Per). Here diisopropylfluorophosphate 
(DFP), a surrogate of sarin, was included instead of sarin. The objective of the present project 
was to study the mechanism of GWI with the aim of developing antidotes to alleviate the GWI. 
The method used was an ex-vivo model which is faster and less costly than classical in vivo 
models. The neurotoxicity and neuroprotection were assessed by recording population spikes 
(PS) from acute hippocampal slices. PSs are the sum of the synaptically elicited axon potentials 
of a population of neurons. Axon potentials are all-or-none robust responses produced by 
functional neurons. The loss of PSs is an early event that precedes neuronal death which can be 
prevented by neuroprotective compounds. Remarkably, the neuroprotective and neurotoxic 
effects observed in slices have repeatedly been confirmed in vivo confirming the usefulness of 
this method. All the chemicals implicated in the GWI showed toxicity in this hippocampal slice 
model. The order of toxicity was DFP>PB>Per>DEET. The GWI drugs were tested by 
application to the slices for 2 hours in µM concentrations followed by 1 hour of the presumed 
antidotes. GWI drugs decreased the PS in a concentration-dependent manner. However the 
application of edelfosine, flupirtine or (1S,2E,4R,6R,7E,11E)-cembra-2,7,11-triene-4,6-diol (4R) 
restored 80-90% of the initial PSs. Edelfosine is an inhibitor of PLC-beta3, flupirtine is an 
activator the Kv5.2-7 channels and 4R is a neuroprotective, and anti-inflammatory cembranoid 
developed by our group. Our data suggest that the pivotal component of the GWI neurotoxicity is 
the over-activation of PLC-beta3 and inhibition of Kv5.2-7 channels. In slices, this causes 
glutamatergic excitotoxicity and inflammation. A chronic in vivo exposure to GWI drugs will 
likely cause a pathological lingering glutamatergic excitotoxicity, and inflammation later 
expressed as a neurological deficit. Paradoxically the symptoms of the GWI continue in the 
absence of the neurotoxic agents indicating that the GWI is perpetuated by a vicious cycle. We 
suggest that the GWI symptoms could be ameliorated by reactivation of the Kv5.2-7 channels 
and decreasing inflammation. 
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Abstract: Neonatal cerebral hypoxia-ischemia (H-I) is a major cause of perinatal mortality and 
neurodevelopmental dissability in children although limited effective strategies are available for 
its prevention and treatment. The placental hormone human chorionic gonadotropin (hCG) is a 
glycoprotein with potential neuroprotective properties with recent data demonstrating beneficial 
effects in animal models of adult stroke. In the present study we ask whether hCG acts as a 
neuroprotectant against the effects of neonatal cerebral H-I. We tested this hypothesis in two 
ways. First, we used the modified Levine model of newborn H-I to examine the protective 
effects of in vivo hCG in the term-equivalent neonatal mouse. Second, we examined the direct 
actions of hCG against the neurodegenerative effects of glutamate-dependent excitotoxic 
neuronal injury in vitro utilizing the dissociated hippocampal and cortical neuron preparation. In 
vivo intraperitoneal (IP) injection of 1.5 IU/mg of hCG 18 hours prior to H-I decreased 
hippocampal and striatal tissue loss by 36% and 29% respectively. In addition, IP hCG 
administration increased cerebral levels of vascular endothelial growth factor mRNA, a molecule 
with known neuroprotective actions in the immature brain. The neuroprotective effect of hCG is 
possibly mediated via a glutamate-dependent mechanism given that in vitro administration of 
hCG at a physiological concentration (2 IU/mL) promoted the survival of immature cortical and 
hippocampal neurons following glutamate-dependent excitotoxicity. High doses of hCG did not 
adversely affect neuronal survival, but rather resulted in an increase in neuronal fiber sprouting. 
The above observations suggest that hCG may be a potential novel neuroprotective agent against 
the neurodegenerative effects caused by neonatal hypoxic-ischemic brain injury. 
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Abstract: The neurological outcome of acute organophosphorus (OP) poisoning is a state of 
chronic uncontrolled epilepsy in the brain (i.e., status epilepticus, SE). Standard medical 
countermeasures for OP-induced seizures include midazolam, a benzodiazepine (BZ) 
anticonvulsant with rapid onset of action and reasonable efficacy on the survival rate of victims. 
However, improvement of seizure control is needed at longer time points after nerve agent 
exposure to minimize the resulting lethal neuropathology. Soman (GD) exposure is reported to 
reduce surface expression of synaptic GABAA receptors (GABAAR) in the hippocampus to 
impair GABAAR function. Therefore sufficient receptors responsive to BZs may not be available 
for receptor modulation after poisoning. We tested whether enhanced function at extrasynaptic 
delta-subunit containing GABAARs could augment the control of nerve agent poisoning. Two 
high efficacy/high potency modulators of alpha4beta3delta GABAARs were tested against 
pilocarpine-induced seizures in mice and acute GD poisoning in rats. UCI50027 (non-selective 
neurosteroid) or 2-261 (beta-subunit subtype selective enaminone) were co-injected with 1 
mg/kg scopolamine 30 minutes prior to a 416 mg/kg dose of pilocarpine. Mice were placed in 
individual housing and tremors, clonic seizures, SE, tonic seizures and death were noted. In the 
GD studies, rats were prepared for brain electroencephalographic (EEG) waveform 
measurements then placed in chambers to record ~30 min of normal EEG baseline. The animals 
were then pretreated with the oxime HI-6 (125 mg/kg, IP) and 30 min later challenged with GD 
(180 ug/kg, SC) at a dose that elicits electrographic seizure activity in 100% of the animals. 
Twenty minutes following the onset of seizure activity the animals received standard medical 
countermeasures (0.45 mg/kg atropine sulfate admixed with 25 mg/kg, 2-PAM, IM; 1.8 mg/kg, 
midazolam, IM) for nerve agent intoxication with or without a test dose of UCI50027 or 2-261. 
Evaluation and categorization of the EEG response to treatment was performed (4 hrs) and rated 
by absence of all spiking and/or rhythmic waves. Inclusion of UCI50027 in the standard medical 
countermeasure terminated seizure activity in test animals and afforded protection from seizures 
supported by reductions in gamma power and decreases in mean spike frequency. 



Alpha4beta3delta GABAARs targeted compounds may augment standard medical 
countermeasures for GD poisoning by enhancing synaptic GABA efficacy of BZs and provide 
additional efficacy at extrasynaptic GABAARs. 
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Abstract: The disorder known as Gulf War Illness (GWI) affects about 25-30% of veterans 
deployed to the Gulf War in 1990-91 and is characterized by a variety of chronic symptoms 
including neurologic deficits. While a host of potential contributing factors have been implicated, 
the underlying pathophysiology of the specific symptoms of GWI has not been clearly 
established, thus limiting the development of effective treatment strategies. One compelling 
explanation for the neurological-based symptoms is exposure to acetylcholinesterase inhibitors 
(AChEIs) (Golomb et al., 2008) including organophosphates (OPs). Previous studies in our 
laboratory have shown that OPs (e.g., chlorpyrifos) can impair the transport of mitochondria in 
axons as well as lead to alterations in mitochondrial dynamics, suggesting potential mechanisms 
for the aforementioned neurologic deficits. Here, using a time-lapse imaging technique in 
cortical neurons, we evaluated chlorpyrifos (CPF) and its oxon metabolite (CPO) across a wide 
range of concentrations (subnanomolar to micromolar) for effects on fast axonal transport of 
membrane bound organelles (MBOs) that contained the amyloid precursor protein (APP) tagged 
with the fluorescent marker, Dendra2 (APPDendra2). 24 hours of exposure to CPF and CPO 
resulted in a decrease in the velocity of anterograde and retrograde movements of MBOs and an 
increase in the number of stationary MBOs. These effects of CPO occurred at picomolar (100 
pM) to low nanomolar (0.1 nM) concentrations that were not associated with compromised cell 
viability or cytoskeletal damage. Moreover, the effects of CPO and CPF on axonal transport 
occurred at concentrations that did not inhibit AChE activity and they were not blocked by 



cholinergic receptor antagonists. Given the fundamental importance of axonal transport to 
neuronal function, these observations may explain some of the long term neurological deficits 
that have been observed in GWI and in others exposed to organophosphates (e.g., farmers, 
pesticide applicators). In ongoing studies we are also seeking to elucidate the relationship 
between axonal transport and mitochondrial dynamics, and to utilize phenotypic screening 
measures to pursue therapeutic compounds which may reverse OP associated deficits within 
these domains. 
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Abstract: The plant-derived pesticide, rotenone, is a potent mitochondrial toxin that leads to 
degeneration in striatal nerve terminals and nigral neurons. Rotenone-induced behavioral, 
neurochemical and neuropathological changes in rats mimic those observed in Parkinson's 
disease. We previously reported rotenone-induced decreases in tyrosine hydroxylase (TH) in the 
striatum as well as in the substantia nigra and a time-dependent depletion of striatal dopamine, 
concomitant with peripheral motor nerve dysfunction following a prolonged exposure. Rats were 
treated with rotenone at 1 mg/kg i.p. for 37 days. Control rats received vehicle (30% Solutol HS 
15 in 0. 9% saline). A loss of dopamine transporter (DAT) and TH in the midbrain was observed 
along with activation of both microglia and astroglia after rotenone treatment. Here, striatal 
vascular integrity was evaluated in the same animals using a rat endothelial cell antigen -1 
RECA-1 immunostaining method. Rats were perfused after treatment with 4% paraformaldehyde 
for immunohistochemical analyses. In the rotenone treated animals, RECA-1 immunolabeled 
endothelial cells were shrunken, regressed and thinner compared to those from vehicle controls. 
Image analysis using Image J software revealed that the % area of the RECA-1 positive vessels 



was 4.53 ± 0.96 in rotenone treated vs. 9.05 ± 0.96 in control rats (p<0.05) and the average area 
was 22.21 ± 1.62 µm in treated vs. 33.51 ± 3.10 µm in controls (p<0.05). This study indicates 
that prolonged exposure to the neurotoxin, rotenone, not only decreases TH and DAT in the 
striatum but also affects endothelial cells in that area. The sequence of events, i.e., whether 
endothelial cell degeneration is caused by the neurodegeneration or the neurodegeneration and 
neuro-inflammation are concomitant with vascular damage has yet to be determined. 
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Abstract: The forkhead box O (Foxo) family of transcription factors plays a crucial role in cell 
apoptosis, immune regulation, and tissue development. Foxo1, as the foremost member of the 
Foxo family, regulates a wide range of molecular signals in many tissues, including tumor, liver, 
and brain. This study investigated Foxo1 expression at different time points and in different brain 
areas, and the role of Foxo1 in vivo in regulating inflammatory injury in a rat model of 
autologous blood-injected cerebral hemorrhage injury. We found that Foxo1 expression peaked 
at 12 h post-intracerebral hemorrhage (ICH) and in the ipsilateral corpus striatum. Foxo1 
knockdown by Foxo1 siRNA decreased ICH injury, improved neurological function, and 
decreased the expression of inflammatory factors downstream of the Foxo1 pathway, including 
TLR4, NF-κB, TNF-α, IL-1β, and IL-18. Foxo1 knockdown also decreased the expression and 
activity of myeloperoxidase, IL-1β, and IL-18. In conclusion, our findings demonstrate that 
Foxo1 is a key regulator of inflammatory injury in rats after ICH. By identifying the molecular 
mechanisms of Foxo1/TLR4/NF-κB signaling, we provide a novel rationale for therapeutic 
approaches to managing inflammatory injury after ICH. 
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Abstract: Stroke is a leading cause of death and disability in the world. Despite the clinical 
relevance of stroke, available treatment options are limited, thereby making the development of 
novel therapies an urgent need. Epidemiological and animal studies have attributed 
neuroprotective properties to coffee. In the present study, we used well-established in vitro and 
in vivo ischemic stroke models to investigate the therapeutic potential of nanosized coffee 
(nanocoffee). In vitro, we exposed human amniotic-fluid stem cells (AFSCs) or rat primary 
cortical neurons to oxygen-glucose deprivation (OGD). AFSCs and cortical neurons were treated 
with different concentrations of nanocoffee and subsequently exposed to the OGD procedure for 
90 minutes. Additionally, AFSCs were treated with nanocoffee for 24 hours in the absence of 
insult (normoxic condition, regular cell culture medium). Cell viability was measured using a 
calcein AM (Acetoxymethyl) assay. In vivo, adult male Sprague-Dawley rats were submitted to 
the middle cerebral artery occlusion (MCAo) model, which induces transient unilateral focal 
ischemia. Rats received a single intrajugular vein injection of nanocoffee or vehicle immediately 
after the beginning of the artery occlusion. All animals were euthanized 3 days after the MCAo 
for cresyl-violet staining and immunohistochemistry experiments using ki67 (cell proliferation 
marker) and doublecortin (neurogenesis marker). We observed that AFSCs (p<0.01) and cortical 
neurons (p<0.05) were protected against OGD-induced cell death by the nanocoffee treatment. 
Additionally, nanocoffee increased AFSCs proliferation under regular cell culture conditions 
(p<0.01). In vivo, we found an increase in both cell proliferation and neurogenesis in the 



subventricular zone (SVZ), a neurogenic niche in the mammalian brain, with the nanocoffee 
treatment (p's<0.05). No significant effects of the nanocoffee treatment were observed on the 
number of live cells in the peri-infarct area as revealed by the cresyl violet staining. The present 
study shows that nanocoffee stands as a potent stem cell proliferative agent, displays 
proliferative and neurogenic effects in the SVZ, and acts as a neuroprotectant in an in vitro 
stroke model. Our results suggest that nanocoffee has a therapeutic potential in stroke. Studies of 
nanocoffee mechanisms of action are underway. 
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Abstract: Hemorrhagic stroke, or intracerebral hemorrhage (ICH), is a devastating medical 
emergency that accounts for 15% of all stroke cases, but results in 40% of stroke-related 
mortality. Currently, no effective clinical treatments exist to counteract ICH. In the present 
investigation, we evaluated 6-bromoindirubin-3'-oxime (BIO) after ICH as a therapeutic 
candidate. BIO is a selective inhibitor of glycogen synthase kinase 3β (GSK-3β), a key 
intracellular signaling mediator of multiple pathways. One of the signaling pathways inhibited by 
GSK-3β is the canonical Wnt/β-catenin system, which is involved in transcriptional regulation of 
mitogenic and trophic genes, such as c-Myc and brain-derived neurotrophic factor (BDNF). 
Because BDNF promotes neuronal viability, we hypothesized that activation of the canonical 
Wnt pathway would confer neuroprotective effects. Specifically, we evaluated whether post-ICH 



treatment with BIO could enhance cellular survival. The neuroprotective effects of BIO was 
firstly examined in primary cortical neuronal cultures subjected to oxygen-glucose deprivation 
(OGD). Cell death was measured at 24 hrs after OGD using the lactate dehydrogenase (LDH) 
assay and 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay. BIO (0.1 - 10 µM, 
co-applied with OGD) significantly enhanced neuronal viability in a dose-dependent pattern, 
with the greatest neuroprotection observed at 10 µM. In addition, in primary astrocyte cultures 
subjected to OGD, activation of the canonical Wnt pathway did not show significant effect on 
astrocyte death, suggesting that the Wnt pathway is specific for neuronal viability. Next, we 
implemented BIO administration in an ICH model of adult mice, induced by injections of 
collagenase IV into the striatum. BIO (150 µL, 4 µM, i.p.) was co-administered during 
collagenase IV injection, and then the animals were sacrificed at 48 hr post-ICH for 
immunohistochemistry. In immunohistochemical staining of terminal deoxynucleotidyl 
transferase dUTP nick end labeling (TUNEL), cell death was examined by colabeling with the 
neuronal marker NeuN and astrocyte marker GFAP. The cytotoxicity was almost exclusively 
localized to neurons, with astrocytes undergoing minimal cell death. Importantly, BIO 
successfully ameliorated the magnitude of neuronal cell death and decreased the hemorrhage size 
and the area of necrotic tissue. Overall, this report provides new evidence for a translational 
potential of BIO following intractable brain injuries, such as ICH. 
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Abstract: RGMa inhibits outgrowth of many types of CNS neurons through interaction with its 
receptor, Neogenin. The RGMa/Neogenin pathway is involved in several processes both in the 
developing and mature CNS, including axon guidance, cell differentiation, cell survival, and 



axonal regeneration. RGMa is processed into several fragments by a combination of 
autocatalytic and proprotein convertase (Furin and SKI-1) enzymatic cleavages. The ensuing 
membrane bound and soluble fragments interact with Neogenin and inhibit axonal outgrowth. 
Since RGMa is upregulated at the lesion site after CNS injury, we hypothesized that treatment 
with SKI-I inhibitor will prevent its activation following CNS injuries. The present study 
examined the therapeutic effects of SKI-1 inhibitor (PF 429242) in optic nerve crush and middle 
cerebral artery occlusion (MCAO) models. We show that inhibition of RGMa cleavage leads to 
axonal regeneration in optic crush model, and reduced infarct volume and improved neurological 
deficits following cerebral ischemia. 
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Abstract: Astrocytes play a major role in the central nervous system (CNS). Astrocytes secrete 
pro-inflammatory cytokines in different neurodegenerative diseases. Astrocytes grown in serum-
deprived (SD) media can cause apoptosis by elevating different apoptotic proteins. Furthermore, 
astrocytes secrete exosomes, membrane-enveloped Nano vesicles. Exosomes communicate cell 
to cell by transporting genetic material, proteins and lipids and subsequently regulating functions 
of targeted cells .Exosome release is decreased by the inhibition of sphingomyelinase2, an 
important enzyme responsible for formation of ceramide from sphingomyeline, by using 
GW4869. In DITNC1 cells, it is found that GW4869 treatment (72 hr,40uM) effectively 
prevented apoptotic cell death under SD conditions. Our objective is to determine the 
neuroprotection role of GW4869 on SD DITNC1 astrocyte cell line where cell death occurs in an 



apoptotic manner by inhibiting exosome release. 40 µM GW4869 was used in serum free media 
of DITNC1 cell culture. The cells were incubated for 72 hours in SD with and without GW4869 
treatment. Interestingly, we found the level of endothelin1 (ET1) was significantly increased in 
serum free media and that cytokine levels were decreased after GW4869 treatment. We also 
found that Bax, cleaved-caspase 3, cleaved-caspase 9, apoptotic markers and ET1, an 
inflammatory molecule, were increased in SD cells and that all of these parameters were reduced 
after GW4869 treatment. Furthermore, we observed that the Drp1, mitochondrial fission marker, 
expression was significantly increased in SD cells and was suppressed by GW4869 treatment. In 
the same experimental condition, in the cell medium exosome content was downregulated in SD 
cells by GW4869 treatment compared to without drug treatment. Exosomes were isolated from 
the cell supernatant by centrifugation at 100,000 g for 2 hour. Exosome markers GAPDH and 
CD63 were determined by western blot analysis. Our results suggest that GW4869 increases cell 
survival by preventing exosome release and indicate nSMase2 as a potential drug target for 
astrocyte associated neuroinflammatory diseases. Collectively, our findings suggest That 
GW4869 can be used for anti-inflammation and neuroprotection. 
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Abstract: Introduction: Excitotoxicity, i.e. neuronal death by excessive NMDA receptor 
activation, neuronal Ca2+ overload and nitric oxide (NO) synthesis, is a prominent mechanism 
leading to cell death (Sandoval et al. 2011, J Neurochem 118:760). NO leads to proteins S-
nitrosylation. We postulate that in hippocampal (i.e. vulnerable neurons) and cortical neurons 
(i.e. more resistant neurons), a differential set of proteins involved in cell death regulation is S-
nitrosylated following an excitotoxic challenge. Materials and methods: To pull down 
hippocampal S-nitrosylated proteins, the biotin switch method was applied. Proteins were 



identified by mass spectrometry and validated by Western blots. Viability test were performed 
with the Trypan blue exclusion test. Results: From a total of 863 proteins, 744 were detected 
only in one of the culture conditions. S-nitrosylation levels in hippocampal and cortical cultures 
were compared by Western blots: S-nitrosylation of the scaffolding protein PSD-95 and of the 
NMDA receptor subunit GluN2A increased after NMDA incubation in cortical and hippocampal 
cells. S-nitrosylation of the scaffolding protein SAPAP4 increased only in cortical cells, while S-
nitrosylation of the NF-κB subunit p65 increased in cortical cells (i.e. its transcriptional activity 
was potentially inhibited) while it decreased in hippocampal cells. Moreover, the NF-κB 
inhibitor 6-(Phenylsulfinyl)tetrazolo[1,5-b]pyridazine prevented hippocampal neuronal death 
while it had no effect on viability of cortical neurons. Conclusion: The results reveal a notable 
specificity of NO targets that is cell-type dependent. Bi-directional regulation of protein S-
nitrosylation and especially, of NF-κB pathway components, may constitute a major mechanism 
able to control excitotoxicity-related cell death. Fondecyt 11400108 
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Abstract: Glutamate (Glu) is the main excitatory neurotransmitter in Central Nervous System 
(SNC). It has been show that play important role in many brain processes including 
differentiation, migration, survival, learning, plasticity memory and behavior. It function through 
two main types of Glu receptors (GluR), ionotropic and metabotropic. Excessive activation of 
GluR may excite nerve cells to their dead in a process referred as excitotoxicity. Thus Glu has 
also been implicated in neurodegenerative disorders like cerebral ischemia, traumatic brain 
injury, Huntington’s disease, Alzheimer disease and epilepsy. These receptors triggering not only 
a significant Ca2+ influx but also the activity of transduction-signal cascade where the activation 



of MAPK may promote S-phase entry of neurons, which leads to cell death. There are several in 
vitro and in vivo studies reporting neuroprotective effect of erythropoietin (EPO), through the 
activation of anti-apoptotic, anti-oxidant, and anti-inflammatory pathways as well as through the 
stimulation of angiogenic and neurogenic events. The main purpose of this work was to evaluate 
the MAPK signal cascade after the administration of excessive MSG, and determine the 
neuroprotective effect of EPO after excitotoxicity mediated through MSG. We evaluate the 
activation of MAPK cascade and the neuroprotective effect of EPO in the hippocampus of 
neonate male Wistar rats. First we evaluate the activation of MAPK signal cascade at 5, 6, 7 and 
8 postnatal days (PD) after the administration of MSG at 1, 3, 5 and 7 PD using a selected PCR 
arrays, including MAPK signal pathway (PARN-061A) Rat Microarray MAP Kinase Signaling 
Pathway. Then we administered three different doses of EPO (250UI/kg body weight (bw), 
500UI/kg bw and 1,000UI/kg bw) intravenously at 8 PD and determine the cell viability at 14 
PD using Nissl technique, because it has been demonstrated that some regions of the 
hippocampus were more susceptible to cell damage at this age. Results of this work 
demonstrated that after the administration of MSG the MAPK signal cascade is activated and 
some of the molecular effectors of this cascade like Cdkn2, C-Fos, Ccnd2, Creb, Mapk13, 
Mapk10, Rac1 and Col1a1were up or down regulated. These molecules are related with cell 
cycle and may promote S-phase entry of neurons. We also demonstrated that after administration 
of EPO, cell damage in hippocampal CA1 region decrease compare with those animals that were 
administered with MSG only and the most effective dose of EPO was 1,000UI/kg bw. 
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Abstract: Intracerebral hemorrhage (ICH) accounts for about 15% of all strokes and has the 
highest mortality rates among strokes with up to 50% within 30 days after the insult. While 
direct tissue destruction strikes immediately, secondary injury including perihematoma edema 
formation, inflammation, and cell death occurs days and weeks following the hemorrhagic event. 
Hemoglobin and its breakdown product hemin induce toxicity, but it remains unclear how cells 
die following ICH. The aim of this study was to identify the underlying cell death mechanisms at 
a pharmacological, biochemical, and morphological level. 
We systematically investigated cell death mechanisms after treatment of primary immature 
cortical neurons with 1.5µM hemoglobin or 100µM hemin. Twenty pharmacological inhibitors 
of different cell death pathways were studied and cell viability assessed. We confirmed the 
identified cell death mechanisms using biochemical markers with western blotting and RT-PCR 
in vitro and in vivo (collagenase ICH model in mice). To assess the morphological phenotype of 
cell death, we performed electron microscopy determining the number of cells per cell death 
morphology and mitochondria size. 
We found that pharmacological inhibitors of ferroptosis – deferoxamine, N-acteylcysteine, the 
water-soluble analog of vitamin E, trolox, and U0126 – protected against hemoglobin- and 
hemin-induced toxicity. Furthermore, necrostatin-1, an inhibitor of necroptosis, also reduced cell 
death dose-dependently. In contrast, inhibiting caspase-dependent apoptosis, calpains, 
cathephins, protein or mRNA synthesis, autophagy or mitophagy did not increase cell viability. 
We then showed that phosphorylation of extracellular signal-regulated kinase 1/2, a marker for 
ferroptosis, as well as gene expression of receptor-interacting protein 1 and 3, a marker for 
necroptosis were increased following ICH in vitro and in vivo. Using electron microscopy, we 
identified that hemin induced a necrotic phenotype with loss of membrane integrity and swelling 
of organelles, but no shrunken mitochondria characteristic for ferroptosis. To be noted, we did 
not detect any apoptotic bodies in hemin-treated cells. 
Our results suggest that iron overload caused by hemorrhagic stroke in vitro shares features of 
ferroptotic and necroptotic cell death, but not caspase-dependent apoptosis or autophagy. 
Distinct mechanisms of cell death imply different therapeutic approaches. Current studies are 
exploring the relevance of these in vitro findings to rodent models of hemorrhagic stroke. 
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Abstract: L-kynurenine (Kyn) is a key element of the tryptophan metabolism; it is 
enzymatically converted by kynurenine aminotransferase II (KAT II) to kynurenic acid (KYNA), 
which acts as an antagonist to the NMDA receptor-glycine site. Kyn is also an endogenous 
ligand of the aryl hydrocarbon receptor (Ahr), a transcription factor that regulates the expression 
of various genes. Interestingly, KYNA levels are reduced in several brain regions of 
Huntington’s disease patients. Previously, we reported that KYNA levels are increased in the 
brains of Ahr-null mice and this induces a neuroprotective effect against neurotoxic insults. 
Based on these results, we decided to determine whether the pharmacologically- induced 
occupancy of Ahr had effects on KYNA bioavailability. We used TCDD, a powerful Ahr agonist 
and resveratrol an antagonist of the Ahr, to assess their effects on cerebral KYNA levels. TCDD 
was used in a single acute dose because of its toxic side effects, whereas resveratrol was 
administrated for six weeks. We found that both TCDD and resveratrol increased the striatal 
levels of KYNA in Ahr+/+ mice, whereas it had no effect on Ahr-/- mice, indicating that increased 
KYNA is a consequence of occupying the Ahr. This strongly suggests that modulating Ahr 
activity could be neuroprotective. Therefore, we injected quinolinic acid (QUIN) into the 
striatum of both Ahr+/+ and Ahr-/- mice previously treated with resveratrol or vehicle, and 
observed a neuroprotective effect in resveratrol-treated mice, presumably caused by increased 
KYNA. These data suggest that the pharmacological occupancy of Ahr could be an interesting 
therapeutic alternative to protect neurons. 
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Abstract: Gold Nanoparticles (AuNPs) are used for treatment of cancer with whole body 
hyperthermia (WBH) therapy. Furthermore, nanodelivery of drugs using AuNPs for the 
treatment of Alzheimer’s disease is also suggested. However, the safety and efficacy of AuNPs 
with regard to cellular toxicity is still not well known. Previous experiments from our laboratory 
showed that AuNPs depending on their sizes and route of administration could induce profound 
neurotoxicity in normal rats. Thus, 5 and 10 nm AuNPs induced blood-brain barrier (BBB) 
breakdown, edema formation and neuronal and glial cellular changes. However, 40-50 nm 
AuNPs in identical doses did not induce any apparent brain pathology. Interestingly, acute WBH 



(at 38° C for 4 h) alone induces BBB breakdown, edema formation and cellular injury in healthy. 
However, repeated WBH for 1 or 2 h daily for 1 week at 38 °C did not result in brain pathology. 
Thus, it would be interesting to know weather a combination of AuNPs in acute or repeated 
WBH could further aggravate brain damage in healthy animals. 
Male Wistar rats (age 20 to 25 weeks) were subjected to WBH at 38° C in a Biological Oxygen 
Demand (BOD) incubator (relative humidity 45-47 %; Wind velocity 20-26 cm/sec) either for 4 
h or repeated heat exposure for 1 h daily for 1 week. In separate group of rats AuNPs (ca. 50 nm) 
was administered (5 mg/kg, i.p.) once daily for 1 week subjected to WBH either for 4 h or 
repeated 1 h heat exposure daily for 1 week. On the 8th day, BBB breakdown to Evans blue 
albumin (EBA) and radioiodine ([131]-Iodine) and brain edema formation using water content was 
examined in several brain regions. Neuronal changes were examined using Nissl or H&E stain 
and glial cell activation was demined by immunohistochemistry of glial fibrillary acidic protein 
(GFAP) immunoreactivity. 
Rats treated with AuNPs alone did not exhibit brain pathology after 1 week. However AuNPs 
intoxicated rats subjected to 4 h WBH exhibited 2-to 4-fold increase in BBB breakdown, 1.5 to 
2-fold higher brain swelling and 2- to 4-folds greater increase in neuronal and glial cell injuries. 
On the other hand, AuNPs did not exhibit brain pathology in repeated WBH rats up to 5 days. 
However, on the 8th day marked increase in BBB breakdown, edema formation and cellular 
injuries were seen in the cerebral cortex, hippocampus, cerebellum and brainstem. Interestingly, 
treatment with TiO2-nanowired cerebrolysin (2.5 ml/kg, i.v.) 2 h after a 4 h WBH session, or 
once daily in repeated WBH group significantly prevented brain pathology on the 8th day in 
AuNPs treated animals. These observations are the first to point out that cerebrolysin could be 
used as an adjuvant therapy with AuNPs in WBH for acute or chronic cancer therapy. 
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Abstract: Ketamine, an antagonist of N-methyl-D-aspartate (NMDA) receptors in the brain, is a 
commonly used pediatric general anesthetic. Evidence that ketamine can induce neural damage 
especially in the developing brain has been widely accumulating. Dexmedetomidine (Dex), a 
sedative and analgesic, is a selective agonist of the α2-adrenergic receptor. It has been proposed 
that Dex is capable of ameliorating the neurotoxic effects of other general anesthetics but the 
underlying mechanisms contributing to this protection are still unclear. Embryonic neural stem 
cells (NSCs) were harvested from GD14 rat fetuses, cultured in neural stem cell growth medium 
for seven days, then exposed to different concentration (0.1nM,1nM,10nM,100nM,1µM,10 µM 
and 100 µM) of Dex with or without ketamine (10 µM) for 3, 6 or 24 hours. Mitochondrial 
viability, LDH release, and cellular reactive oxygen species (ROS) were evaluated using MTT, 
LDH and ROS assays, respectively. Our preliminary data indicate that no significant 
toxicological effects of Dex were observed in these embryonic NSCs: While the potential 
protective effects of Dex are still under investigation, the early dose-response and time-course 
data suggest that Dex may serve as protective agent against ketamine-induced neurotoxicity. 
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Abstract: Lysosomal Storage Disorders (LSDs) comprise more than 40 diseases, mostly 
characterized by neurodegeneration. For many LSDs current therapies are not effective in 
treating the neurologic symptoms, due to the impossibility to target the brain. The family of 
Metallothioneins (MTs) has been described as neuroprotective therapeutic tools for acute and 
chronic brain diseases acting mostly as anti-oxidant, but so far they have never been proposed for 



the treatment of LSDs. We have recently showed that MT family is a reliable and sensitive 
marker for LSDs, being highly expressed in the peripheral circulation and more importantly in 
brains of patients and mice affected by LSDs. Moreover we demonstrated that in LSD patients 
and animal models MTs decrease to pre-symptomatic levels after treatment. All together these 
observations suggest a putative reactive and protective role of MTs that still needs to be further 
dissected. Aim of our work is to investigate the therapeutic use of MTs for alleviating neurologic 
damage in LSDs. To assess the benefit of constitutively high levels of MTs on LSD background, 
the mouse model of Globoid Cell Leukodystrophy (GLD), affected by a severe and rapidly 
progressive brain disease, was cross-bred with a transgenic mouse over-expressing MT1 in all 
tissues. Interestingly enough, the survival of MT1-GLD transgenic mice was slightly increased 
as compared to normal affected GLD mice. When dissecting the consequences of MT over 
expression in GLD mice, the most profound effect we observed was a rescue of Purkinje cells 
from degeneration and apoptosis. This effect was associated to i) a change of microglia 
phenotype towards an anti-inflammatory status with an increase of Arginase1 and CD206 
expression paralleled by a decrease of IL1β and TNFα expression and ii) a reduction of oxidative 
stress in microglia cells as shown by quantification of ROS levels in these cells. The direct 
correlation of these events is currently under investigation, but we may speculate on the key anti-
apoptotic and anti-oxidative role of MTs in protecting Purkinje neurons, as also suggested by a 
transcriptome analysis on cerebella of our models in which we further detailed the involvement 
of these pathways. We are now testing the same MT-overexpressing strategy in Late Infantile 
Neuronal Ceroid Lipofuscionosis (LINCL) mouse model, known to be affected by severe 
neurodegeneration. We have currently under behavioural evaluation MT-NCL mice that show a 
delayed disease progression as compared to NCL mice, resulting also in an improved survival. 
Overall, these data may pave the way for exploiting MT features for a therapeutic approach for 
neurodegenerative LSDs. 
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Abstract: Despite intensive research, successful regeneration and subsequent functional 
recovery of the injured or diseased mammalian central nervous system (CNS) can still not be 
evoked. One essential component of the neuronal circuitry might have been overlooked for 
decades: the dendrites. 
During development of the retinofugal system, there is a distinct temporal window for axon 
versus dendrite outgrowth, in which axogenesis precedes dendritogenesis. Whether this 
recapitulates in the damaged adult CNS remains elusive, but loss of dendritic arborization and 
connectivity is being recognized as one of the first stages of neurodegeneration, also in 
glaucoma. Notably, this immediate retraction of dendrites after optic nerve damage might reflect 
an attempt to repeat the ordered developmental program in adult organisms. As axonal 
regeneration cannot yet be induced successfully in mammals, we investigated this intriguing 
hypothesis in the spontaneously regenerating zebrafish, which provides a unique model in the 
quest for crucial molecules and signaling pathways contributing to successful CNS regeneration. 
Using a combination of state-of-the-art molecular, biochemical and morphological tools, we 
were able to show that similar as in mammals, dendritic shrinkage occurs after optic nerve crush 
(ONC) in adult zebrafish. However, this is only temporal here and quickly followed by a 
recovery phase in which dendrites regain their length, morphology and synaptic connectivity. 
Strikingly, pharmacological approaches that counteract this temporal dendritic pruning, result in 
a reduced RGC axonal regrowth and optic tectum reinnervation. A detailed spatiotemporal 
characterization of the axonal and dendritic regeneration processes in fish subjected to ONC 
indeed revealed that axonal and dendritic outgrowth are antagonistic processes and one occurs at 
the expense of the other. 
Overall, our findings disclosed that transient RGC dendritic shrinkage is necessary to induce 
spontaneous axonal regeneration in the adult zebrafish, and thus that the orderly developmental 
program of neurite outgrowth repeats. Currently ongoing investigations aim to shed light on how 
dendritic shrinkage/remodeling contributes to axonal regeneration in the injured zebrafish 
retinotectal system and to elucidate key molecular signals that regulate these processes, thereby 
contributing to the development of novel regenerative strategies promoting repair in human age-
related neurodegenerative diseases such as glaucoma, but also Alzheimer’s and Parkinson’s 
disease. 
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Abstract: Hepatic encephalopathy (HE) is a systematic dysfunction syndrome with metabolic 
disorders of the central nervous system (CNS) which is caused by severe liver damages and/or 
portosystemic shunt. HE has complicated pathological mechanisms and can seriously threatens 
patients' life. Lycium barbarum polysaccharide (LBP) is a biologically active extract which can 
regulate immune- and neuroendocrine-functions. In this study, we aimed to investigate the 
protective mechanisms of LBP in a murine HE model. We established this model by an 
intraperitoneal single dose injection of 400 mg/kg thioacetamide (TAA) in C57BL/6 mice. LBP 
(5 mg/kg) was intragastrically administered for once a day. Behavioral, biochemical and 
molecular tests were used to investigate the mechanisms. We also conducted cell experiment by 
culturing the rat normal hepatocyte line BRL-3A to examine the protective effect of LBP. We 
found that LBP significantly improved liver functions and cognitive performance of mice by 
suppressing hepatic/raphe/hypothalamus apoptosis, necrosis, oxidative stress and inflammation. 
MAPK and autophagic pathways played critical roles in those processes. In line with previous 
findings, amelioration of hyperammonemia contributed to the neuronal/hepatic protective 
properties of LBP. Furthermore, by using BRL-3A cell model, we confirmed that increased 
serum levels of pro-inflammatory cytokines and ammonia secreted from damaged liver were the 
major causes of brain damages. In conclusion, we proposed that LBP is a promising nutraceutical 
supplement for the daily prevention and clinical amelioration of HE. 
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Abstract: Temporal lobe epilepsy (TLE) is the most common type of epilepsy among other 
types of epilepsies. During the early phase after status epilepticus, there will be a significant 
neuronal death, gliosis and increase in neurogenesis in the dentate gyrus (DG). A few recent 
studies and our earlier studies have indicated the neuroprotective role of thymoquinone (TQ), the 
active component of nigella sativa oil in intracerebro-ventricular kainic acid (ICV-KA) model of 
temporal lobe epilepsy. TQ is shown to be a promising anticonvulsant for epilepsy treatment. 
Although thymoquinone, showed to be effective in restraining ICV-KA induced epileptic 
changes in the hippocampus and hippocampal neurogenesis, its mechanisms of actions have not 
previously been studied. Objective of the present study was to investigate the mechanisms of 
actions of thymoquinone (TQ) in neuroprotection in intra-cerebro-ventricular kainic acid (ICV-
KA) model of temporal lobe epilepsy in young rats. Male Wistar rats (4months old) were divided 
into three groups: (1) Normal control (NC, n=12), (2) lesion only (LO, n=12), and (3) lesion + 
thymoquinone (L+TQ, n=12). Rats in the control group remained undisturbed. Rats in the lesion 
only group received a kainic acid lesion bilaterally in the hippocampus (0.5µg/ventricle). Rats in 
the lesion + Thymoquinone group were treated with thymoquinone (10mg/kg) intraperitoneally, 
3 hours before lesion and daily thereafter for four days. On 5th post-lesion day rats in all groups 
were anesthetized and perfused with 4% paraformaldehyde. Brains were dissected and processed 
for cresyl violet, Flurojade-B staining and NeuN, OX-42 and GFAP immunostaining. Fresh 
hippocampal tissues were dissected and processed for Western blot analysis (GFAP) and analysis 
of BDNF and VEGF. Results of the study showed significantly decreased neurodegeneration, in 
the KA+TQ treated rats compared to lesion only group. Astrocyte number and GFAP content 
and microglial cells were significantly increased in TQ treated group (p<0.01) compared to 
control and lesion only group. Further, TQ treatment also increased the levels of BDNF and 
VEGF in the hippocampus (p<0.01) in TQ treated group. We conclude that TQ protects the 
neurons by increasing the astrogliosis and increasing the release of neurotrophic factors. 
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Abstract: Human bone marrow-derived mesenchymal stem cells (hMSCs) are a desirable cell 
source for cell-based therapy to treat nervous system injuries due to their ability to differentiate 
into specific cell types. In addition to their multipotency, hMSCs render the tissue 
microenvironment more favorable for tissue repair by secreting various growth factors. Our 
previous study demonstrated that hMSCs secrete many growth factors, including several insulin-
like growth factor binding proteins (IGFBPs). Among them, IGFBP6 with high-affinity binding 
to IGF-2 inhibits the growth of IGF-2-dependent tumors by inhibiting IGF-2. However, 
relatively little is known about the function of IGFBP6 in the nervous system. Here, we 
elucidated the protective effects of IGFBP6 secreted by hMSCs on H2O2-injured primary cortical 
neuron cultures and LPC-injured organotypic spinal cord slice cultures. Treatment of H2O2-
injured cortical neurons with conditioned media from hMSCs (hMSC-CM) increased 
phosphorylation of Akt and reduced both cell death and nuclear translocation of Bax. A blocking 
antibody against IGFBP6 abolished this hMSC-CM-mediated neuroprotective effect in both 
injured cortical neuron cultures and spinal cord slice cultures. In addition, treatment with 
cyclolignan PPP, an inhibitor of the IGF-1 receptor IGF-1R, significantly inhibited neuronal 
protection by hMSC-CM. These findings demonstrate that hMSC-CM-mediated neuroprotection 
is attributed to IGF-1R-mediated signaling by IGFBP6. Our study provides insight into the 
mechanism by which hMSC administration may promote recovery from nerve injury. 

Disclosures:  M. Chang: None. H. Jeon: None. J. Shin: None. J. Park: None. 



Poster 

605. Neuroprotective Mechanisms: Regeneration and Therapies 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 605.09/X5 

Topic: C.06. Neurotoxicity, Inflammation, and Neuroprotection 

Support: NSF grant IOS1353724 

 NJCBIR fellowship CBIRFEL002 

 NJCBIR grant CBIR14IRG019 

 NJCBIR grant CBIR12MIG011 

Title: The role of Brain-Derived Neurotrophic Factor in the protection of hippocampal neuron 
networks after glutamate-induced excitotoxicity 

Authors: *K. M. O'NEILL1,2, B. L. FIRESTEIN1;  
1Cell Biol. & Neurosci., 2Biomed. Engin., Rutgers, the State Univ. of New Jersey, Piscataway, 
NJ 

Abstract: In traumatic brain injury (TBI), the physical injury causes mechanical damage to 
nervous tissue and activates a chemical cascade, resulting in glutamate-induced excitotoxicity 
(GIE). Despite improved knowledge of the mechanisms of TBI, there is still no agreed-upon 
treatment for GIE. In particular, N-methyl-D-aspartate receptors (NMDARs) have been 
implicated in GIE: overactivation of NMDARs leads to excessive levels of intracellular calcium 
levels, increased rate of cellular events, and excitotoxicity. However, attempts to use NMDAR 
antagonists as a therapy for TBI have failed. Thus, we are employing a different approach by 
using brain-derived neurotrophic factor (BDNF) as a neuroprotective agent because it is a pro-
survival factor and is overexpressed in neurons that survive injuries, such as ischemia. BDNF 
prevents chromatin condensation following excitotoxic insult and preserves protein levels of 
axonal, dendritic, and excitatory synaptic markers. While valuable, these studies lack a 
functional component to demonstrate that BDNF ensures that neuronal activity is still properly 
integrated at the network level. To record network activity, dissociated hippocampal neurons 
from E18 rat embryos are cultured on 64-electrode microelectrode arrays (MEAs). MEAs non-
invasively record local field potentials from the group of neurons contacting each electrode. 
Network parameters, such as spiking (overall) activity, bursting (organized) activity, and 
synchronization, are collected for the entire culture as well as each electrode. Comparisons are 
made over time to determine the effects of injury and recovery. Previously, our laboratory used 
MEAs to examine changes in network activity of cortical neurons after excitotoxic injury with 
and without drug treatment. The current work suggests that hippocampal neurons are more 



sensitive to glutamate-induced injury than cortical neurons: injuring hippocampal neuron 
cultures for 30 min with 100 µM glutamate abolishes bursting activity at 24 hr after injury, 
whereas injury with 30 µM has no effect and 60 µM trends toward decreasing bursting. 
Therefore, we used 30 µM (minimal injury) and 60 µM (moderate injury) for all experiments. 
For recovery treatments, 50 ng/mL BDNF was chosen because treatment with this concentration, 
and not 25 ng/mL, significantly increases synchronization. Finally, our results demonstrate that 
BDNF trends toward conferring protection, as measured by synchronization, to hippocampal 
networks at 24 hr after injury with 30 µM glutamate and at 72 hr after injury with 60 µM 
glutamate. These results suggest an optimal window for BDNF treatment after excitotoxic injury 
associated with TBI. 
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Abstract: Exercise produces neurovascular changes in the brain, which can be neuroprotective 
and support ischemic stroke recovery (Austin et al., 2014). Exercise exerts these protective 
effects, in part, by increasing angiogenesis, the growth of new capillaries from preexisting blood 
vessels (Kerr & Swain, 2011). Increased angiogenesis, following ischemic stroke, highly 
correlates with improved functional outcomes in animal models and human patients (Hayashi et 
al., 2003). Understanding how exercise pattern and intensity influence angiogenesis could lead to 
improved exercise rehabilitation programs following ischemic stroke. One critical factor 
involved in the regulation of angiogenesis is vascular endothelial growth factor (VEGF) and its 
receptors Flk-1 and Flt-1. Although exercise is generally found to be beneficial, there are wide 
variations in the exercise regimens used across experiments. This study standardized these 
variations. In this study, sixty male rats were divided into six equal groups: Voluntary Exercise- 
Unrestricted (VX-U), Voluntary Exercise- High Intensity (VX-H), Voluntary Exercise- Low 
Intensity (VX-L), Forced Exercise- High Intensity (FX-H), Forced Exercise- Low Intensity (FX-



L), and Inactive Control (IC). VX-U, VX-H, and VX-L were be placed in cages with attached 
running wheels. VX-U remained in these cages for the study duration, but VX-H and VX-L were 
returned to their home cages after reaching 1,000 revolutions (high intensity) and 500 revolutions 
(low intensity), respectively. FX-H and FX-L were required to run on a motorized wheel at 
11m/min. FX-H and FX-L were returned to their home cages after reaching 1,000 and 500 
revolutions, respectively. ICs remained in their home cages during the exercise regimens. All 
animals were sacrificed at the end of the exercise regimens. Exercising animals were then 
compared to inactive controls, based on unbiased stereological quantification of Flk-1 and Flt-1 
immunohistochemical labeling in the hippocampus. Preliminary findings indicate that voluntary 
exercise animals, allowed unrestricted access to running wheels, display a greater Flk-1 area 
fraction in the CA1 region of the hippocampus compared to high intensity forced exercise 
animals and inactive controls. Animals allowed unrestricted access to running wheels also 
display a greater Flt-1 area fraction in the DG region of the hippocampus. 
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Abstract: In order to maintain proper energy balance and metabolic health, the body must 
tightly regulate the processes that control energy intake (appetite, food intake, nutrient 
absorption) as well as energy expenditure (physical activity, basal metabolism, thermogenesis). 
An important aspect of regulating energy expenditure is the transfer of signals from the brain 
through sympathetic nerves to activate lipolysis and thermogenesis in white and brown adipose 
tissues, respectively. Cold-stimulation is able to increase the sympathetic innervation and 
activation of adipose tissues and thus increase energy expenditure through lipolysis and 
thermogenesis. The exact mechanisms by which cold (or other stimuli that increase energy 
expenditure) is able to mediate peripheral nerve plasticity are currently under-investigated and 
largely unclear. In the current project, we provide new evidence that adipose tissue-resident 
immune cells, including macrophages, are able to secrete a neurotrophic factor, brain derived 



neurotrophic factor (BDNF), in response to cold-stimulation. This release of BDNF likely 
stimulates sympathetic nerve branching, neurite outgrowth and survival, and synapse formation 
in order to stimulate energy-expending processes in adipose depots. BDNF SNPs have been 
associated with human obesity and mice lacking BDNF show extreme energy balance 
dysregulation. While BDNF is well-studied in the brain, it has been largely uninvestigated in 
adipose tissues. We have found that deletion of BDNF from the myeloid lineage (including 
macrophages, using LysM-Cre) results in a severe loss of neural innervation of adipose depots, 
and a shift in energy balance that leads to increased adipose mass, decreased thermogenesis, and 
lower energy expenditure. Interestingly, while we hypothesized that loss of BDNF secretion 
from adipose-resident immune cells would also prevent the process of cold-induced ‘browning’, 
or development of brown adipocytes in white adipose depots, we were surprised to observe that 
LysM-BDNF-KO animals do indeed display browning after cold exposure, but the brown 
adipocytes are mostly clustered around the vasculature and do not express high levels of 
uncoupling protein 1 (UCP1), the unique marker for brown adipocytes that confers their 
thermogenic capacity. In total, our findings support the notion that locally-secreted neurotrophic 
factors are important for maintaining proper innervation and neural stimulation of energy 
expending processes in adipose tissues, including the activation of UCP1-mediate thermogenesis. 
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Abstract: Glut1 deficiency syndrome (Glut1 DS) is a severely disabling neurodevelopmental 
disorder caused by haploinsufficiency of the SLC2A1 gene and thus reduced levels of its 
translated product, the Glucose Transporter Type 1 (Glut1) protein. Although one consequence 
of insufficient Glut1 protein - a paucity of brain glucose - is widely recognized, precisely how 
this condition results in the complex Glut1 DS phenotype is unclear. Here we demonstrate that 
reduced Glut1 protein has a profoundly deleterious effect on brain angiogenesis and on the 
maintenance of the cerebral microvasculature, without compromising the blood-brain barrier. 
Early, AAV9-mediated repletion of the protein in neonatal Glut1 DS model mice ensures the 
proper development of the microvasculature of the brain and arrests disease evolution. 
Augmenting the protein in juvenile mutant mice that have already suffered sustained low brain 
glucose is less effective in establishing normal brain microvasculature, yet reverses mutant brain 
glucose concentrations and has a pronounced overall therapeutic effect. In contrast, delayed 
delivery of the protein - to adult mice - neither reverses defects of the brain capillary network nor 
rescues the Glut1 DS phenotype. Our results link brain dysfunction in Glut1 DS to novel defects 
of the cerebral microvasculature, a condition that likely upsets the evolving circuitry of the 
maturing brain. The results, furthermore, identify a limited postnatal therapeutic window for 
Glut1 DS, yet suggest that timely reinstatement of the Glut1 protein, even under prolonged 
conditions of profoundly low brain glucose, can prevent disease. Early repletion of the Glut1 
protein may thus constitute the most effective treatment yet for Glut1 DS. 
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Abstract: Melatonin is the principal secretory product of the pineal gland and its role as an 
immumo-modulator is well established. Recent evidence shows that melatonin is a scavenger of 
oxyradicals and peroxynitrite and reduces the development of inflammation and tissue injury 



events associated with spinal cord trauma. Previous results suggest that Peroxisome proliferator 
activated receptor alpha- α (PPAR-α), an intracellular transcription factor activated by fatty 
acids, plays a role in control of secondary inflammatory process associated with spinal cord 
injury (SCI). 
With the aim to characterize the role of PPAR-α in melatonin mediated anti-inflammatory 
activity, we tested the efficacy of melatonin (30 mg/kg) in an experimental model of spinal cord 
trauma induced in mice by the application of vascular clips (force of 24 g) to the dura via a four-
level T5-T8 laminectomy, and comparing mice lacking PPAR-α (PPAR-αKO) with wild type 
(WT) mice. 
The results obtained indicate that melatonin -mediated anti-inflammatory activity is weakened in 
PPAR-α KO mice, as compared to WT controls. In particular, melatonin was less effective in 
PPAR-α KO, compared to WT mice, as evaluated by inhibition of the degree of spinal cord 
inflammation and tissue injury, neutrophil infiltration, pro-inflammatory cytokine expression, 
NF-κB activation, inducible nitric-oxide synthase (iNOS) expression. This study indicates that 
PPAR-α can contribute to the anti-inflammatory activity of melatonin in SCI. 
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Abstract: Inflammatory response can be a strong contributor to injury evolution in adult central 
nervous system. Moreover, in immature brain, neuroinflammation episode, triggered by neonatal 
stroke or systemic infections, can be responsible for long term neurological deficits. However, 
the potential role of inflammation and immune cells activation in normal brain development is 



less characterized. In order to study the role of microglial cells, a CNS specific immune cell type, 
we took advantage of our live imaging model, the TLR2-luc-GFP mouse. We follow 
longitudinally the microglial/TLR2 activation in the brain of live animals from postnatal day 6 
(PN6) to adulthood. The spatial expression of TLR2 is very dynamic during the first weeks after 
birth, initially emerging from the whole brain and become more and more restricted to the 
olfactory bulb at the end of the first month. Furthermore, the identity of TLR2 expressing cells 
also change during time. In fact, neurons and microglia express TLR2 in early PN age while 28 
days after birth, microglial cell is the major cell type expressing it. These results suggest that the 
spatiotemporal expression of TLR2 can be determinant in the brain response to diverse 
inflammatory conditions. To test this hypothesis, we first mimic a systemic infection using i.p. 
LPS injection at PN6 and PN9. The expression of TLR2 is upregulated in the brain in both PN 
ages 24 hrs after LPS injection. The cytokines profile correlate with the induction of TLR2 seen 
by live imaging and most pro-inflammatory cytokines like IL-1β, IL-17 and TNFα are 
upregulated in both time points. On the other hand, we wanted to compare the inflammatory 
response of immature brains after LPS injection with a model of sterile inflammation like a 
stroke. To do so, we use intra-cortical injection of IL-1β on PN6 and PN9 pups and follow the 
inflammatory response by live imaging. To our surprise, the TLR2 activation is downregulated 
24 hrs after injection. Once again, the cytokines profile correlates with this downregulation of 
TLR2 signal. In fact, the major proinflammatory cytokines are decreased. In both pathological 
models, the immune reaction seems to be more prononced at PN6 when compared to PN9 
indicating that the level of maturity of brain and the immune system can be an important 
component in the outcome of the damage resolution. Those results clearly show that different 
inflammatory stimuli can initiate contrasting innate immune reaction in immature brain. A better 
knowledge of the specific spatiotemporal sequence of events after an injury or infection will 
allow us to better control and adapt the treatment of neonates to minimise long term neurological 
handicap. 
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Abstract: The patients with cardiovascular diseases (CVD) are often associated with the 
occurrence of cognitive decline and dementia. Low-density lipoprotein (LDL), which is one of 
the risk factor for CVD, may play a critical role; further, L5, a electronegative LDL with 
relatively highest electronegative charge, is the most important candidate. So far, the biological 
effect of electronegative LDL on microglia reactivity is fully unknown and has not been studied. 
Here, an in vitro cultured model of BV-2 cell, a murine microglia cell line, was used in this 
study. We treated the cells with lipopolysaccharides (LPS), L5, L1 (an LDL with lesser extent of 
electronegativity than L5) and oxidized LDL (an artificially synthesized LDL) and assayed for 
gliotoxicity and inflammation responses, including the release of inflammation mediators, the 
expression of inducible stress proteins, the induction of apoptosis and cell migration. The results 
indicated that L5 stimulates BV-2 cell activation, evidenced by the production of nitric oxide 
(NO), reactive oxygen species, peroxynitrite and TNF-α, and the induction of inflammatory 
proteins (e.g., inducible NO synthase, cyclooxygenase-2 and hemeoxygenase-1), consequently 
initiating an inflammation. Moreover, L5 leaded to apoptosis and potentiated cell migration, 
detected by DAPI staining and wound-filling assay, respectively. These results suggested that L5 
itself has the potential to trigger inflammatory responses and cause eventual death in immune 
cells, like microglia. 
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Title: Toll-like receptor 4 priming sensitizes macrophages to oxidant-mediated Cox2 gene 
expression and PGE2 production 
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Abstract: Background: In addition to pathogen associated molecular patterns and damage 
associated molecular patterns, toll-like receptor 4 (TLR4) can be triggered by various 
environmental factors, e.g. ozone, atmosphere particulate matter, and ionizing radiation etc. 
Prostaglandin E2 (PGE2) produced from induction of phospholipase A2 (PLA2), 
cyclooxygenase 2 (Cox2) and membrane-associated PGE sysnthase-1 (mPGES-1) is a potent 
proinflammatory mediator. 
Objective: This study examined the role of TLR4 priming in mediating oxidant-induced 
activation of Cox 2 and PGE2 production in macrophages 
Methods: Potassium peroxychromate (PPC) and peroxynitrite (PN) were used as prooxidant 
sources and a TLR4-specific agonist LPS-EK was used to prime or sensitize TLR4. We used 
primary murine peritoneal macrophages (pM) isolated from C57BL/6 mice expressing TLR4 
(TLR4-WT) and B6.B10ScN-Tlr4 mice with complete deletion of TLR4 (TLR4-KO). pM were 
sensitized for 4 h with 100 ng/ml LPS-EK, then incubated for another 24 h with fresh medium 
containing PPC or PN. Intracellular reactive oxygen species (iROS) production was visualized 
and quantified by fluorescence imaging and flow cytometry, respectively. Total antioxidant 
capacity within cells was quantified by antioxidant assay kit. We used ELISA to quantify PGE2 
released into the media following treatments. The levels of mRNA and protein of phospholipase 
A2 type V, Cox2, and mPGES-1 were determined by real-time PCR and western blot, 
respectively. 
Results: We found that pro-oxidants treatment increased iROS production and decreased total 
antioxidant capacity in pM derived from TLR4-WT but not in pM derived from TLR4-KO mice 
suggesting TLR4 acts as sensor of exogenous oxidants. In addition, we found that treatment with 
oxidant alone induced a limited increase in PGE2 production. In contrast, pM sensitized with 
LPS-EK and treated with oxidants exhibited robust Cox2 expression and PGE2 production 
compared with sensitized pM and vehicle control. The expression levels of mRNA and proteins 
for PLA2 type V, Cox 2 and mPGES-1 were significantly increased. The induction of Cox2 and 
subsequent PGE2 production was observed in pM derived from TLR4-WT mice but not TLR4-
KO mice. 
Conclusions: Taken together, TLR4 priming sensitized primary macrophages to oxidant-induced 
Cox2 expression and PGE2 production. The data provide a potential mechanism by which 
prooxidants facilitate human disease states (inflammatory processes in the presence of bacterial 
LPS). The data further confirms the potential threat posed by the ubiquitous bacterial LPS and 
oxidative stress. 
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Abstract: Tollip is a ubiquitous protein, originally described as a modulator of the IL-1R/TLR-
NFκB signalling pathway. Although this property has been well-characterized in peripheral cells 
and despite evidence of its expression into the central nervous system, the role of Tollip in 
neuroinflammation remains poorly investigated. The present study sought to explore the 
implication of Tollip in the response to an inflammatory challenge using Tollip knockout (KO) 
mice. The effects of an intranigral injection of lipopolysaccharide (LPS), a TLR4 receptor 
agonist, on inflammatory markers have been assessed at transcriptional and protein levels. We 
show that Tollip deletion had no effect on the basal levels of inflammatory markers, but 
increased susceptibility to LPS-induced neuroinflammation. Indeed, 6 hours post-injection of 
LPS at a sub-maximal dose (0.1 µg), a significant increase of TNF-α, IL-1β, IL-6 and IFNγ 
mRNA was observed in the midbrain of Tollip KO mice, whereas this effect did not reach 
significance for all the analyzed cytokine in WT mice. In addition, Tollip KO mice displayed a 
higher LPS-induced inducible NO synthase (iNOS) production, as demonstrated by an increase 
of iNOS mRNA and iNOS protein immunostaining when compared to LPS-injected WT mice. 
Finally, Tollip deletion aggravated LPS-induced oxidative and nitrosative damages, as indicated 
by an increase of 8 oxo-DG and nitro-tyrosine immunostaining, respectively. These effects are 
associated with an increase of NFκB activation in KO mice evidenced using a AAV reporter 
viral vectors expressing eGFP mRNA under the control of NFκB-responsive transcriptional 
sequences. In conclusion, these results show that Tollip KO mice have a global tendency to elicit 
a higher cytokine production associated with a significant increase of oxidative and nitrosative 
stress. Unexpectedly, viral vector-mediated Tollip overexpression in neurons of the midbrain did 
not reveal a decrease but an increase of pro-inflammatory cytokines and NFκB activation. 



Altogether, these observations reveal a contribution of Tollip in the regulation of the early phase 
of the neuroinflammation. 
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Abstract: Introduction: Neurocysticercosis (NCC) is the most common helminthic infection 
affecting the human central nervous system. It remains, as a disease of epidemiological 
importance in developing countries, owing to is associated with high morbidity and disability in 
productive population. It produces a wide range of neurological (motor, sensory, cognitive, etc.) 
and psychiatric manifestations requiring recurrent hospitalizations. Regarding treatment, the 
response is variable depending on the location, number and stage of the parasite. 
Extraparenchymal location of the parasite causes the most severe presentation of the disease, 
frequently manifested by intracranial hypertension. In these cases, the lack of response to 
cysticidal drugs occurs in 30-40 % of the patients. In this research we evaluated whether or not 
non-response to treatment is associated with any immunological features. 
General Objective: Evaluate the relationship between the immunological factors and response to 
treatment in patients with extraparenchymal neurocysticercosis. 
Material and methods: Prospective, longitudinal, comparative and analytical study. 16 patients 
with definitive diagnosis of vesicular extraparenchymal neurocysticercosis were included. 
Lymphoproliferation assays using Taenia solium antigens were performed on PBMC before and 
after (1 and 4-6 months) treatment. Proinflammatory cytokines (IL-1B, IL-6 y TNFα) were 
measured on supernatans and CSF, as well as the concentration of albendazol sulfoxide (ASOX) 
in sera. Patients were evaluated clinically and radiologically (3D IRM, volumetric measurement 



of the cysts). The response to treatment was determinated by the volume cyst index (pre 
treatment/post-treatment volume cyst). Correlations between the response to treatment and 
immunological parameters were evaluated. As well as its relation to age, gender and ASOX 
levels. 
Results: 16 patients were included and according to the volume cyst index we classified them as 
8 responders and 8 non-responders to treatment. Both groups showed similar demographic 
characteristics (gender, age) and ASOX levels were not significantly different between groups. 
We found positive correlations between volume cyst index and proinflammatory cytokines in 
supernatans (IL-1β pre-treatment) (R=0.52, P= 0.03), IL-1β 1 month after treatment (R=0.49, P= 
0.05) and IL-6, 1 month after treatment (R=0.65, P=0.007). The non-responder group had a 
decreased lymphoproliferative response (P=0-004). 
Conclusions: An exacerbated inflammatory state before and after cysticidal treatment is 
associated with a better response to treatment. 
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Abstract: Microglia are tissue resident macrophages which have important roles in immune 
system in the CNS. Pu.1 is a transcription factor which organizes cell type specific gene 
expression pattern in myeloid cells including microglia, and closely related to immune response 
under the inflammatory stimuli. To investigate the regulatory roles of Pu.1 in microglia, we 
constructed Pu.1 knockout (KO) BV-2 microglial cell line using CRISPR-Cas9 system and 
performed comparative transcriptomic analysis between wild type and Pu.1 KO BV-2 cells by 
the use of web-based analysis programs including IPA. The results showed that the expression 
levels of 176 genes were significantly altered (75 up-regulated and 101 down-regulated; ±1.5 



log2-fold change, 0.05 p-value and q-value thresholds) by Pu.1 KO. The functional annotations 
presented that the majority of down-regulated genes were related to immune responses, and the 
analyses on cellular functions and gene networks also predicted that cell activation and immune 
responses would be repressed in Pu.1 KO cells. In addition, ChIP-qPCR results of representative 
genes obtained from the analyses showed that Pu.1 binding is related to the expression of those 
genes. In conclusion, through the transcriptomic analyses and following experiments, we 
reconfirmed the regulatory roles of Pu.1 in immune responses of microglia, and also presented 
that Pu.1 plays its regulatory role even in resting state microglia. 
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Abstract: Introduction: Excessive ethanol (EtOH) consumption causes neuroimmune 
activation, which is linked to neurodegeneration and addiction. While microglia function as the 
primary macrophage in brain, neurons are emerging as a novel player in innate immune 
signaling. In order to investigate cell-type-specific immune signaling, neuron-like SH-SY5Y and 
microglia-like BV2 were treated with EtOH or agonists to TLR3 or TLR4, and cell lysates/media 
were examined for cytokine expression. To determine whether communication between the two 
cell types modifies immune signaling, cells were also co-cultured prior to treatments. 
Methods: BV2 microglia and SH-SY5Y neurons were treated with either TLR3 agonist PolyI:C 
(50ug/mL), TLR4 agonist LPS (100ng/mL), or EtOH (100mM) for 24hr. In co-culture groups, 
BV2 were plated on top of SH-SY5Y using Transwell inserts, allowing for signaling 
communication without physical contact. Cell lysates and media were analyzed using RT-PCR 
and ELISA, respectively. Gene expression data is shown as % control for respective cell-type 
and culture condition. 



Results: 
SH-SY5Y neurons alone showed no response to LPS. However, when co-cultured with BV2 
microglia, LPS increased SH-SY5Y cell mRNA of TNFα, IL-1β, and MCP1 (1763%, 2877%, 
and 752% respectively, p<0.05), and increased MCP1 release in media. PolyIC increased TNFα, 
IL-1β, and MCP1 (9094%, 47402%, and 3287% respectively), with co-culture potentiating 
TNFα and IL-1β (48738% and 67144% respectively), while MCP1 displayed a dampened 
increase (2048%). EtOH had no effect on TNFα or IL-1β, but MCP1 was decreased in cells 
alone (42% of control) and co-cultured (43%). EtOH increased HMGB1 release and decreased 
MCP1 release in cells alone, and in co-cultured cells both MCP1 and HMGB1release was 
decreased. 
In BV2 microglia, LPS increased mRNA expression of TNFα IL-1β and MCP1 (440%, 1162%, 
and 340% respectively, p<0.05). PolyIC increased TNFα and IL-1β (725% and 1351% 
respectively) but not MCP1. EtOH increased TNFα and IL-1β (121% and 184% respectively) 
and HMGB1 release. Co-culture with SH-SY5Y enhanced LPS-induced TNFα, IL-1β and MCP1 
(971%, 15521%, and 1065% respectively). PolyIC, co-culturing increased MCP1 (212%), but 
dampened TNFα and IL-1β responses (483% and 737%). Co-culturing blocked EtOH-induced 
TNFα and IL-1β, and decreased MCP1 (33±1.3%) and released HMGB1. 
Conclusions: Co-cultured BV2 microglia and SH-SY5Y neurons display altered neuro-immune 
responses. In the presence of microglia, SH-SY5Y neurons become responsive to LPS. Future 
experiments will examine mechanisms underlying microglia-neuron communication. 
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Abstract: Introduction: Neuroinflammation is associated with cognitive and behavioral 
anomalies, but the mechanisms linking inflammation to changes in brain activity are unclear. 
Lipopolysaccharide (LPS) from gram negative bacteria is a common model for systemic 
inflammation in experimental animals. In young people, controlled administration of LPS 
induces an inflammatory state characterized by behavioral lethargy and depression but increased 
alpha and beta power in the EEG. We sought to model these apparent contrasts in the behavioral 
and EEG responses by studying LPS-induced changes in brain electrical activity in wakeful 
young mice. 
Methods: All procedures were approved by the UW-Madison Animal Care and Use Committee 
and conform to APS/NIH guidelines. Six mice (1 male; BL6 background; 12-20 wks old) were 
instrumented with bilateral parietal and frontal skull screw EEG electrodes under aseptic surgical 
conditions. After 5-7 days recovery, mice were given sham intraperitoneal (IP) saline injections, 
and 2 days later IP injections of LPS (125 ug/kg). Animals were tethered to a lightweight 
headstage during the experiment, but otherwise free to move in the recording chamber. Data 
were collected for 1 hr prior and 4 hrs post-injection. EEG signals were subjected to spectral 
analysis and average power computed in the δ (1-4 Hz), θ (4-10Hz), α (10-20 Hz), β (20-30 Hz) 
and γ (30 – 100Hz) bands during movement defined by EMG activity and confirmed via video 
recording. Power in each band was normalized to the average total spectral power in the control 
condition. Statistical comparisons (paired t-tests) were between the post-injection:control ratios 
of normalized band power for saline versus LPS. 
Results: There was little effect of saline injection on relative power in any frequency band 
(median across animals of ratio to control at one hour after injection = 0.76, 0.96, 0.84, 1.0 & 1.0 
for δ, θ, α, β & γ, respectively). By contrast, dramatic and significant increases in α & β band 
power were observed following injection of LPS (median ratio to control at one hour after 
injection = 2.4 & 15, respectively; p<0.05), while variable increases were observed for δ, θ & γ 
bands (4.5, 1.8 & 1.2, respectively). The increase in α & β power was rapid, occurring within 0.5 
hr of injection, while the variable increases in other bands were delayed. 
Conclusions: LPS injection into mice is a promising model for neuroinflammatory effects on 
brain activity in wakefulness confirmed by spontaneous movement. Our future goal is to 
investigate the neural circuits underlying the observed changes to inform the neuropsychiatric 
consequences of acute and chronic illness.  
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Abstract: RNS60 (Revalesio Corp., Tacoma, WA) is generated by electrokinetic modification of 
normal saline and contains an oxygen-filled nanobubble core surrounded by layers of positive 
and negative electrical charges or “charge stabilized nanostructures”. Previous studies by others 
have demonstrated that early treatment with RNS60 promotes anti-inflammatory effects and 
protects against Alzheimer’s disease (AD)-related neurodegeneration and memory decline in the 
5XFAD mouse model (Roy et al., 2014; Modi et al., 2014). Here, we asked whether RNS60 
would be beneficial in aged, plaque-rich AD transgenic (Tg) mice. Sixteen month-old male 
APP/PS1dE9 Tg mice were treated with 300 µl intraperitoneal (i.p.) RNS60 (n=13) or Normal 
Saline (NS; n=8) 3 days per week for 10 weeks. Wildtype (WT) control littermates were treated 
with i.p. NS (n=8). At 18.5 months of age, learning and memory were significantly impaired in 
NS-treated Tg mice in Contextual Fear Conditioning (CFC; learning only) and Water T Maze 
(WTM) compared to NS-treated WT mice. RNS60 treatment resulted in a modest increase in 
freezing time during CFC training (p=0.059; shock 2) compared to NS-treated Tg mice but had 
no effect on acquisition or reversal learning in the WTM in the aged mice. RNS60 treatment led 
to a significant reduction in Aβ42 plaque immunoreactivity in cortex and hippocampus but no 
change in Aβ levels by ELISA compared to NS-treated Tg mice. Longitudinal 18F-GE180 TSPO 
microPET imaging before and after treatment showed reduced glial activation in RNS60- vs. NS-
treated Tg mice. Immunoreactivity with multiple microglia/macrophage markers was 
significantly reduced in the hippocampus of RNS60-treated Tg mice compared to NS-treated Tg 
mice, while astrocyte staining was non-significantly reduced. RNS60 treatment reduced cerebral 
pro-inflammatory proteins, TNFα and iNOS, and increased anti-inflammatory proteins, IL-10 



and YM-1, in RNS60-treated Tg mice compared to NS-treated Tg mice. Hippocampal synaptic 
puncta density and synaptic protein levels were modestly but significantly increased in RNS60-
treated Tg mice compared to NS-treated Tg controls but were significantly lower than NS-treated 
WT mice. Mature-BDNF, p-CREB and p-ERK, but not ERK1/2 levels, were significantly 
increased in RNS60-treated Tg mice compared to NS-treated Tg mice. Phospho-GSK3β was 
increased in RNS60-treated Tg mice, indicating reduced GSK3β kinase activity. In conclusion, 
RNS60 treatment in aged, plaque-rich AD mice reduced inflammation and plaque load, and 
modestly improved learning but not memory. This suggests the potential for better recovery with 
earlier treatment. 
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Abstract: Hippocampal neurogenesis is the process by which new neurons are produced from 
neural stem cells (NSCs) and is involved in some forms of memory and emotion regulation. 
Sustained proliferation of NSCs within the hippocampus is a key factor in maintaining normal 
hippocampal neurogenesis. The pro-inflammatory cytokine IL-1β is an important mediator of 
neuroinflammation and is elevated in conditions associated with hippocampal dysfunction such 
as Alzheimer’s disease and major depression. Evidence now demonstrates that IL-1β suppresses 
the proliferation of NSCs. TLX is an orphan nuclear receptor known to regulate NSC 
proliferation and it has been recently shown that IL-1β reduces TLX expression in proliferating 
NSCs. We investigated whether a restoration of TLX expression in hippocampal NSCs can 
prevent the anti-proliferative effects of IL-1β on these cells. Embryonic day 18 rat hippocampal 
neurospheres were transfected with a lentiviral vector (LV) overexpressing either TLX (OEX) or 



Green Fluorescent Protein (GFP) as a control. The formation and growth of the neurospheres 
were measured in the presence or absence of IL-1β (recombinant protein) for 5 days in vitro 
(DIV). While IL-1β did not impair neurosphere formation it significantly impaired neurosphere 
growth after 3DIV (p<0.05). Early results indicate that TLX overexpression (in the absence of 
IL-1β) increased neurosphere growth compared to control treatment. Moreover, overexpression 
of TLX also attenuated the IL-1β-induced reduction in neurosphere growth. This effect appears 
to be TLX specific as this attenuation is not observed in the LV-GFP-treated neurospheres in 
response to IL-1β. Analysis is currently being carried out to assess the effects of IL-β and 
TLX(OEX) on the cellular phenotypes in neurospheres and on their proliferative capacity. 
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Abstract: Experimental autoimmune encephalomyelitis (EAE) is the most widely used animal 
model for multiple sclerosis (MS). Symptoms of EAE resemble those observed in MS patients, 
including loss of motor coordination and paralysis. The primary behavioural measure of EAE 
disease severity is a 5-10 point scale that reflects qualitative aspects of neurological function. 



This ordinal scale provides very limited information about the extent and specific nature of 
motor disabilities exhibited by EAE mice. In view of these limitations, we compared three 
methods of assessing motor function in EAE mice: clinical scoring, rotarod and kinematic gait 
analysis. We have found that rotarod performance and clinical scores were strongly correlated 
during the acute phase of EAE (15 days post-immunization; dpi; r=-0.8), however, the strength 
of this correlation weakened at 22 and 29 dpi (r=-0.33 and r=-0.44, respectively). These findings 
indicate clinical scores are unable to accurately measure the recovery of motor function from 
peak disease (15 dpi) to chronic EAE (22 and 29 dpi) and that mice with similar clinical scores 
often vary substantially in their rotarod performance. To assess motor dysfunction from a 
biomechanical perspective, kinematic gait analysis was performed. Briefly, a high-speed camera 
that captured 250 frames per second was used to record mice walking on a treadmill. Kinematic 
analysis of sagittal joint angles (hip, knee and ankle) was then performed on these recordings. 
There were a variety of changes in the kinematic parameters of EAE mice that varied 
substantially between animals. In order to simplify the kinematic data, we calculated the root 
mean square (RMS) of the difference in joint angles between baseline and post-immunization 
time points for EAE mice. The RMS difference of the ankle and knee joints sensitively detected 
changes in EAE mice and correlated well with other behavioural measures of disease severity. 
We then correlated clinical score, rotarod performance and RMS difference of the hip, knee and 
ankle joints with white matter loss in the spinal cord. Clinical scores and rotarod performance 
only weakly correlated with white matter loss (r=0.38 and r=-0.43, respectively). By contrast, the 
RMS difference for the ankle correlated remarkably well with white matter loss (r=0.95) 
indicating that changes in ankle kinematics are exquisitely sensitive to white matter damage in 
the spinal cord. These findings indicate kinematic gait analysis is a highly sensitive method for 
assessing neurological deficits in EAE mice that should facilitate the identification of treatments 
which promote functional recovery in MS. 
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Abstract: Previous studies have demonstrated an increase in glial fibrillary acidic protein 
(GFAP) expression surrounding amyloid-β (Aβ) plaques in a mouse model of amyloidosis. 
Harnessing the GFAP promoter to strongly express a transgene in response to Aβ pathology may 
provide a useful strategy for gene therapy for Alzheimer’s disease (AD). Gene therapy offers 
promise for the treatment of AD; however, the blood brain barrier (BBB) is a challenge for non-
surgical delivery of transgenes to the brain. Here, MRI-guided focused ultrasound (MRIgFUS) is 
used to mediate delivery of an adeno-associated virus (AAV) gene construct from the blood to 
the brain using a cell-specific GFAP promoter. We hypothesize that AAV-mediated gene 
delivery under control of the GFAP promoter will result in enhanced transgene expression within 
the vicinity of Aβ plaque, in which reactive astrogliosis is occurring. A transgenic (Tg) mouse 
model of amyloidosis and wild-type mice were used. MRIgFUS allowed for transient and local 
permeabilization of the BBB, thereby facilitating AAV delivery from the bloodstream to FUS-
targeted cortical and hippocampal regions. Results indicated that the GFAP promoter is selective 
for gene expression in astrocytes in the central nervous system, but not in the peripheral system. 
Transgene expression in Tg animals was compared between FUS-targeted brain regions with and 
without Aβ plaque, using either a GFAP or ubiquitous promoter. Amount of transgene 
expression was further compared between Tg and wild-type animals. The GFAP promoter 
demonstrates a heightened gene expression rate in areas of high Aβ plaque deposition with 
reactive astrocytes. The next step is to reduce gene expression in the periphery. 
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Abstract: Surgery often leads to cognitive impairments, yet the mechanisms whereby systemic 
injury affects the central nervous system (CNS) remain unclear. Pain is a critical component after 
surgery and associates with poor functional outcomes. Understanding the role of pain signaling 
after surgery may help us defining novel interventions for common postoperative complications 
like delirium and postoperative cognitive dysfunction. Using a murine model of orthopedic 
surgery we show that tibial fracture selectively triggers cold allodynia and up-regulates nerve 
injury and inflammatory markers in the primary somatosensory system, including dorsal root 
ganglia (DRGs) and spinal cord. At 24 h after injury activating transcription factor 3 (ATF3), 
neuropeptides galanin and neuropeptide Y (NPY), brain-derived neurotrophic factor (BDNF), 
non-neuronal markers ionized calcium binding adaptor molecule 1 (Iba1), glial fibrillary acidic 
protein (GFAP) and CX3CR1, were differentially elevated in DRGs. We compared these 
changes to an established model of complete transaction of the sciatic nerve to evaluate the 
temporal relationship of these markers. In the CNS we describe a distinct increase in BDNF 
protein levels in the mossy fibers at 24 h using immunohistochemistry but with no changes in 
mRNA levels in the granule cells, monitored by both in situ hybridization and RTqPCR. These 
changes in hippocampal BDNF were paralleled by a reduction in neurogenesis. Our findings 
indicate that bone fracture in mouse causes, in addition to selective cold allodynia, an unexpected 
effect on BDNF signaling, selectively in the hippocampal granule cells, resulting in presynaptic 
accumulation of this growth factor in the mossy fibers, tentatively due to attenuated/blocked 
release. Overall this apparently novel mechanism may underlie cognitive and mental deficits as 
often observed after surgery or critical illness. 
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Abstract: The facial nerve axotomy (FNA) is one of the most well-described models of 
peripheral nerve injury, and is mainly characterized by retrograde degeneration of motor neurons 
in the facial nucleus (FN), glial activation and axonal regeneration. After facial transection, the 
surviving motor neurons undergo a process of axonal regeneration that starts around 28 day post-
injury (dpi) and leads to functional recovery of the facial muscle kynesis. Previous studies 
performed in our group with transgenic mice strains producing either IL6 or IL10 under the 
GFAP promoter (GFAP-IL6Tg and GFAP-IL10Tg mice) have shown that these cytokines are 
able to modulate the CNS response after FNA. Importantly, a decrease of neuronal survival was 
observed in GFAP-IL6Tg mice respect to wild-type (WT) after 21 dpi, while GFAP-IL10Tg 
mice showed an increase in motor neuron survival. However, the effect of both cytokines in 
axonal regeneration has not been explored yet. The objective of this study is to investigate the 
effects of IL6 and IL10 production in nerve regeneration after FNA. To accomplish this aim, 
GFAP-IL6Tg and GFAP-IL10Tg adult mice and their respective WT controls underwent FNA. 
Motor neuron survival was analysed on cryostat sections stained with toluidine blue at 42 dpi. To 
assess axonal regeneration, 4% solution of Fluoro-Gold (FG), a retrograde fluorescent marker, 
was injected at 35 dpi in the whiskerpads of both hemispheres, and motor neuron labeling was 
evaluated at 42 dpi. In addition, the regeneration-associated molecule CD44 was studied from 3 
to 28 dpi. Our observations revealed a decrease in the total number of FN motor neurons in the 
injured side respect to the contralateral side at 42 dpi in all experimental groups. However, no 
significant differences on neuronal survival were found when comparing the respective 
experimental groups. In contrast, FG analysis revealed a lower number of regenerating motor 
neurons targeting the vibrissae in GFAP-IL6Tg mice than in their WT littermates, while GFAP-
IL10Tg motor neurons did not show any differences in FG labeling respect to WT. Finally, the 
study of CD44 showed a decrease at all time-points analyzed in GFAP-IL6Tg mice and an 



increase of this molecule in the GFAP-IL10Tg mice at 14 and 28 dpi respect to the WT. In 
conclusion, our findings indicate that astrocyte-targeted production of either IL6 or IL10 has not 
a direct impact on long-term neuron survival but may affect the nerve regeneration process after 
FNA. Further studies are necessary to elucidate the mechanisms of both IL6 and IL10 cytokine 
production in the dynamics of peripheral axonal regeneration and to assess their influence in 
target reconnection. 
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Abstract: Autophagy is the choreographed set of processes that eukaryotic cells use to deliver 
cytoplasmic components to lysosomes for degradation. Autophagy is a highly evolutionarily 
conserved system activated in response to nutrient deprivation or cellular stress to allow 
macromolecules to be recycled, and damaged organelles to be degraded and removed. Despite its 
name (self-eating), autophagy is predominantly cytoprotective, and has emerged as a key 
determinant of lifespan and broad anti-aging effects in organisms ranging from yeast to 
mammals. Because aging is associated with low-grade inflammatory pathway induction in 
humans and animal models, we asked whether inflammation might impair autophagy in aging 
brain. We found large aggregates of p62 deposited throughout hippocampus and cortex by, as 
well as increased p62 levels on Western blot in aged wild-type mice. p62 specifically targets 
protein “cargo” to phagosomes for ultimate lysosomal degradation, but is, itself, degraded in 
lysosomes, thus providing a marker for effective lysosome activity. Accumulation of p62 in 
brain was observed in the presence of increased LC3B II expression by immunofluorescence and 
Western blot, consistent with inhibition of autophagic flux at the level of lysosomes. In addition, 



we observed co-localization of multiple other proteins with p62 aggregates, suggesting a general 
defect in lysosomal proteolysis. Among these were key mitophagy proteins pink1 and parkin, 
frequently localized to structures resembling partially degraded mitochondria, suggesting 
impaired mitophagy as well. Ineffective mitophagy is associated with increased inflammation, 
and in turn, inflammatory induction of NADPH oxidase (Nox) has been reported to directly 
impair lysosome activity, so we exposed neuronal cultures to either LPS or interleukin-6 (IL-6), 
and found that both pro-inflammatory mediators caused increased levels of both p62 and LC3B 
II, thus reproducing the flux inhibition observed in vivo. Inhibition of Nox rescued autophagic 
flux in pilot experiments, studies which are continuing. If age-related inflammation impairs 
autophagy by inhibiting lysosomes, these results could link inflammation with Alzheimer’s and 
other neurodegenerative diseases in which protein clearance is impaired. 
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Abstract: When CNS homeostasis is altered, microglial cells become rapidly activated, 
proliferate and release a broad range of molecules, including cytokines. Among the plethora of 
molecules involved in the regulation of microglial activation and monocyte infiltration, cytokines 
are considered crucial. Although production of interleukin-10 (IL10) by activated astrocytes and 
microglia has been demonstrated after different types of injuries, the specific role played by IL10 
modulating microglial cells remains unclear. Hence, the objective of this study was to evaluate 
the effects of transgenic astrocyte IL10 production on microglial activation associated with CNS 
axonal anterograde degeneration. For this purpose, unilateral perforant pathway transection 
(PPT) was performed in transgenic mice GFAP-IL10Tg and their corresponding wild types (WT) 
littermates. At 2, 3, 7, 14 and 21 days post-lesion (dpl), animals were intracardiacally perfused 



and the hippocampal areas of projection processed for immunohistochemistry (IHC), flow 
cytometry and ELISA. Our results showed that the non-lesioned GFAP-IL10Tg animals showed 
an increase in the number of microglial/macrophages (monitored with Pu.1 IHC) compared to 
WT. After PPT, the cell density was higher in GFAP-IL10Tg than in WT. However, the GFAP-
IL10Tg mice showed an important reduction of microglial proliferation (phosphohistone-3 IHC) 
correlating with a decrease of the expression of macrophage colony -stimulating factor receptor 
(M-CSFR) and IL5, both molecules are involved in the microglial proliferation. Hence, since the 
increase of Pu.1+ cells observed in GFAP-IL10Tg was not due to microglial proliferation, we 
analyse the evolution of microglial/macrophage population after PPT. Flow cytometry revealed 
that the increase in microglia/macrophage cell density observed in GFAP-IL10Tg was due to a 
specific increase of CD11b+/CD45high population showing a decrease of MHCII, ICOSL and 
CD11c expression. Another interesting result is that GFAP-IL10Tg mice showed an increase of 
CD11b+/CD45high/Ly6C cells assuming that the number of infiltrated cells was higher than WT. 
Correlating with this results, the expression levels of IP10 (chemokine involved in cell 
recruitment) were higher in GFAP-IL10Tg than WT. No differences were found in 
microglia/macrophage cell death between Tg and WT animals. In conclusion, this study 
demonstrated that astrocyte-targeted IL10 production induces 1) an important reduction of 
microglial proliferation 2) an increase of microglial/macrophages cell density 3) an increases in 
the number of infiltrated cells. 
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Abstract: The elimination of the latent reservoir can be critical to achieving HIV eradication. 
Astrocytes are generally considered as long-lived cells with low rates of cell turnover, thus 



serving as a long-term reservoir for HIV infection. However, no detailed studies of the degree to 
which astrocytes proliferate or die have been reported. Here, we determined the turnover rate of 
astrocytes and determined if the turnover rate can be accelerated in an inflammatory condition. 
The rate of turnover of cells can be measured in terms of the time between mitosis and death, or 
between two mitoses. We designed a BrdU pulse-chase experiment to track cell proliferation and 
death. The experiment was carried out with male C57BL/6 mice about 6 weeks of age when the 
experiment began. Mice received four injections of BrdU administered three hours apart. Half of 
the mice received a single injection of LPS 1 h after the first BrdU injection to stimulate brain 
inflammation. The other half received an injection of PBS as a control. Brain tissues were 
collected at day 1, 2, 3, 5, 7, 14, 28, 42, 56 and 70 after the first BrdU injection. Four mice were 
euthanized at each time point. Our data provides strong evidence for moderate astrocyte turnover 
in the mouse corpus callosum. LPS treatment shortened the astrocyte turnover period. 
Additionally, the short entry time for GFAP+ BrdU+ cells indicates that mature astrocytes may 
be capable of replicating, as glial progenitor cells take several weeks to mature into GFAP+ 
astrocytes after dividing. These results support the idea that an inflammatory response can 
increase astrocyte turnover, thus providing a new potential mechanism for HIV treatment. 
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Abstract: Microglia activation and neuroinflammation are common features of 
neurodegenerative conditions, including alcohol use disorders (AUDs). When activated, 
microglia span a continuum of diverse phenotypes ranging from classically activated, pro-
inflammatory (M1-like) microglia to alternatively activated, growth-promoting 
microglia/macrophages. Identifying microglia activation states is critical for understanding the 



role of microglia in the pathogenesis of AUDs. In this study, male adult rats were gavaged with 
25% (w/v) ethanol or isocaloric control diet every 8 hours for 4 days following a modified 
Majchrowicz protocol, which resulted in an 8.5 ± 1.1 g/kg/d ethanol dose. Rats were sacrificed 2 
days after alcohol exposure since previous studies show that indices of microglia activation peak 
at this time. Microglia were isolated from hippocampus and entorhinal cortex by Percoll density 
gradient centrifugation. Cells were labeled with microglia surface antigens for activation and 
analyzed by flow cytometry. Consistent with prior studies, isolated cells yielded a highly 
enriched population of brain microglia (>95% pure) as evidenced by staining for the microglia 
antigen CD11b. We compared ethanol’s effects on the activation markers (MHC-II, CD86, and 
CD32) expressed on microglia isolated from the entorhinal cortex and hippocampus of adult rats. 
Results revealed that ethanol increased the expression of MHC-II, CD86, and CD32 compared to 
controls. MHC expression increased from 2.5%±0.3 (control) to 19.0%±9.9 (ethanol) in the 
entorhinal cortex and from 5.3%±2.2 (control) to 21.5%±3.9 (ethanol; p<0.05) in the 
hippocampus. CD32 expression increased from 16.5%±13.2 (control) to 62.3%±4.1 (ethanol) in 
the entorhinal cortex and from 10.5%±6.3 (control) to 56.8%±3.2 (ethanol; p<0.05) in the 
hippocampus. CD86 expression increased from 2.1%±0.2 (control) to 18.1%±9.5 (ethanol) in the 
entorhinal cortex, and from 4.3%±1.9 (control) to 20.7%±2.7 (ethanol; p<0.05) in the 
hippocampus. These data support that flow cytometric analysis of isolated, enriched microglia 
can quantitatively measure microglia polarization state, which complements our published 
findings in immunohistochemistry and ELISA. Understanding microglia phenotype will be 
especially critical in pharmacologically reducing or redirecting neuroinflammatory signaling in 
the treatment of AUDs. (Supported by R01AA016959, R03 NS089433) 
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Abstract: INTRODUCTION 
Multiple sclerosis (MS) is a chronic autoimmune demyelinating disease of the central nervous 
system (CNS) leading to neuroinflammation; the animal model of MS is the experimental 
autoimmune encephalitis (EAE), which is also an autoimmune disease of the CNS. MS 
classically has been treated with immunomodulators such as interferon beta (IFN-beta) and 
glatiramer acetate (GA). Melatonin (MLT) is known for its role in many physiological processes, 
within which highlights the modulation of the immune system, which could be related to the 
suppression of autoimmune diseases, including EAE. 
MS is a chronic inflammatory demyelinating disease of the CNS leading to a cumulative and 
irreversible damage. To date, there have been no studies comparative of immunomodulatory 
treatments (IFN - beta and AG) classically prescriben to treat MS and MLT in the animal model 
(EAE) according to the signs and symptoms observed clinically and expression of 
proinflammatory cytokines. 
OBJECTIVE 
Compare the immunomodulatory effect of the administration of melatonin against treatments 
commonly used in MS (IFN-β and AG) in a murine model of experimental autoimmune 
encephalitis. 
METHODS 
Experimental study with male Sprague Dawley adult rats; experimental groups (8): control, 
EAE, IFN-β, AG, MLT, EAE-IFNß, EAE-AG, EAE-MLT with 16 animals per group; Dosage: 
IFN-β 8000U every third day, AG 0.5mg/ kg daily and MLT 10mg/ kg daily for 12 days; scale 
neurological evaluation: grado0 = normal rat, grade 1 = partial loss of tonicity of the tail, grade 2 
= loss of tonicity of the tail, grade 3 = unsteady gait and mild paralysis, grade 4 = paralysis of 
hind limbs, grade 5 = moribund or death. The expression of these proinflammatory cytokine 
TNF-α, IL-1β and IL-12 was evaluated in cerebrospinal fluid with real time PCR. 
RESULTS 
Administering INF-β, AG and MLT produces an attenuation of clinical signs and symptoms of 
EAE to a different scale and at different times for each experimental group. 
No expression of proinflammatory cytokines under any of the therapeutic interventions of the 
experimental groups is observed. 
CONCLUSION 
Melatonin administration exhibits immunomodulatory effects compared to the treatments used in 
multiple sclerosis. 
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Abstract: Alzheimer’s disease (AD) and vascular dementia (VaD) are the two most common 
forms of dementia. Inflammation and insulin signaling perturbations have emerged as important 
risk factors associated with both AD and VaD. Data have also demonstrated an interaction 
between alterations in insulin signaling and inflammation. Many studies support the relationship 
between AD-VaD and metabolic disorders, particularly diabetes mellitus. Fractalkine (CX3CL1) 
is a chemokine that has been shown to protect the brain from the damaging consequences of 
chronic inflammation by interacting with its obligate receptor (CX3CR1) on microglia. 
Additionally, recent studies have demonstrated that the CX3CL1/CX3CR1 system plays a 
regulatory role in pancreatic β-cell function and insulin secretion. Our lab has previously 
demonstrated a low-dose, staggered administration of streptozotocin (STZ) results in 
hyperglemcia, cognitive impairments, and increased neuroinflammation. To further explore the 
relationship that fractalkine plays with insulin signaling we administered our low-dose, staggered 
STZ protocol in CX3CR1 knockout mice to evaluate if the alterations in AD related pathologies 
and neuroinflammation previously observed are altered in the CX3CR1 KO mice. Animals were 
run through a standard behavioral and health screen before beginning novel object recognition 
and cued and contextual fear conditioning. Following completion of behavioral training, brains 
were removed for biochemical examination. The hippocampus, cortex, and hypothalamus were 
investigated for markers of inflammation, histopathological alterations relevant to AD, and 
cerebrovascular abnormalities associated with VaD. 
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Abstract: Early life brain inflammation has been proposed to play important roles in the 
development of neurodegenerative disorders in adult life. Our previous studies showed that 
interleukin-1β (IL-1β), a proinflammatory cytokine, plays an important role in mediating 
dopaminergic neuronal injury in the neonatal rat brain. To examine whether neonatal IL-1β 
exposure enhances dopaminergic neuron susceptibility to rotenone neurotoxicity at adult ages, 
Sprague-Dawley male rats at postnatal day 5 (P5) were pre-treated with IL-1β (1 µg/kg) via 
intracerebral injection, and then challenged with rotenone through subcutaneous mini-pump 
infusion (1.25 mg/kg per day for 14 days) at P70. A single IL-1β exposure resulted in motor 
function deficits during the developmental period but were spontaneously recoverable by P70. 
Single IL-1β exposure also suppressed tyrosine hydroxylase (TH) expression in the substantia 
nigra (SN) at P70. A low dose of rotenone treatment, which itself does not induce motor deficits 
in rats, resulted in Parkinsonism-like symptoms including bradykinesia, akinesia and rigidity in 
rats with neonatal exposure to IL-1β, but not in those without the neonatal IL-1β exposure. 
Neonatal IL-1β exposure also enhanced adult susceptibility to rotenone-induced loss of 
dopaminergic neurons as indicated by reduced numbers of TH+ cells in the SN, and axonal 
impairment as indicated by decreases in the number of Fluoro-Gold (FG)+ nigrostriatal 
projecting neurons in P98 rats. These results suggest that perinatal neuroinflammation may 
enhance adult susceptibility to develop neurodegenerative disorders triggered by environmental 
toxins at an ordinarily non-toxic or sub-toxic dose. Our model may be useful for studying 
mechanisms involved in the pathogenesis of nonfamilial Parkinson's disease. 



Disclosures:  L. Fan: None. L. Tien: None. J.W. Lee: None. S. Lu: None. R.C.S. Lin: 
None. X. Dai: None. N.B. Ojeda: None. A.J. Bhatt: B. Contracted Research/Research Grant 
(principal investigator for a drug study, collaborator or consultant and pending and current 
grants). If you are a PI for a drug study, report that research relationship even if those funds 
come to an institution; Premacure AB, A Member of the Shire Group of Companies. Y. Pang: 
None. 

Poster 

606. Mechanisms and Consequences of Peripheral or Central Innate Immune Activation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 606.23/Y13 

Topic: C.06. Neurotoxicity, Inflammation, and Neuroprotection 

Support: NIH Grant 1P20GM109025-01A1 

Title: An evaluation of gabab receptors in modulating neuroinflammation 

Authors: *M. M. BOLTON, A. S. MURTISHAW, K. N. CALVIN, J. W. KINNEY;  
Psychology, Univ. of Nevada Las Vegas Dept. of Psychology, Las Vegas, NV 

Abstract: Alzheimer’s disease (AD) is characterized by the accumulation of beta-amyloid 
plaques (Abeta) and neurofibrillary tangles consisting of hyperphosphorylated tau. In addition to 
these two core pathologies, neuroinflammation has been observed in AD patients and preclinical 
animal models of AD. Considerable evidence has demonstrated the sustained inflammatory 
response, in particular chronic microglia activation promotes Abeta production as well as the 
hyperphosphorylation of tau through the sustained release and increased levels of several 
proinflammatory cytokines. These data make understanding the mechanisms driving the 
inflammatory response and treatment of the inflammation an important target in AD research. In 
addition to aberrant microglia functioning, the loss of a number of aspects of GABAergic 
signaling, including GABAB receptors have been reported in clinical AD populations and animal 
models of AD. As microglia express functional GABAB receptors and their activation on 
microglia appear to provide an anti-inflammatory effect, GABA signaling may decrease 
proinflammatory cytokine production, serving as a vital anti-inflammatory cascade. Therefore, 
we sought to investigate the role of GABAB in neuroinflammation related to AD pathogenesis. In 
two separate, non-transgenic inflammation mouse models we evaluated the behavioral and 
biochemical effects of a GABAB agonist baclofen. Following behavioral testing in novel object 
recognition and cued and contextual fear conditioning, we examined tissues for number of 
activated microglia, proinflammatory and anti-inflammatory cytokines, and AD related 
pathological changes. These projects were performed to evaluate behavioral and/or biochemical 



modulation of the inflammatory response that may be beneficial. Our data demonstrate that 
baclofen treatment was able to modify the immune response and alter both behavioral deficits 
and AD related pathologies. 
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Abstract: Neuroinflammation is thought to contribute to the progression of neurodegenerative 
diseases such as Alzheimer’s (AD) and Parkinson’s (PD). The pesticide rotenone, a 
mitochondrial toxin, has been identified as a risk factor for the development of PD. Synuclein 
pathology and neuroinflammation have been observed in the brainstem in mice following 
rotenone exposure but the molecular mechanisms are unclear. Pro-inflammatory 
“inflammasomes” are multi-protein complexes that react to intracellular stress and initiate 
inflammation. NLRP3, a key component of the NLRP3 inflammasome complex, and 
polymorphisms in NLRP3 are associated with late onset AD and gastro-inflammatory disorder 
Crohn’s disease. Reports of NLRP3 inflammasome activity in AD and evidence that misfolded 
synuclein can activate NLRP3 in vitro suggest that the NLRP3 inflammasome has an important 
role in the development and progression of PD. To determine whether Nlrp3 has a role in the 
development of Parkinsonism or neuroinflammation, wild-type (WT) and Nlrp3-/- mice were 
exposed to intragastric rotenone over a 6 month time course and evaluated using longitudinal 
behavioral studies and serologic assays. We observed progressive Nlrp3-dependent Parkinson’s-
like motor abnormalities, progressive Nlrp3-dependent suppression of the chemokine eotaxin, 
and significant elevation of Cxcl1 during the time course of rotenone exposure. Post-mortem 



multiplex analysis of brain extracts also identified a significant elevation of Cxcl1 in WT mice 
exposed to rotenone. In vitro analysis identified a robust Nlrp3-dependent induction of Cxcl1 in 
mixed glial cultures. We determined that rotenone-induced Cxcl1 expression was limited to 
astrocytes in these primary cultures but that induction of astroglia Cxcl1 was enhanced in the 
presence of microglia after rotenone exposure. While Nlrp3 expression was detected primarily in 
CD11b+ microglia the canonical executors of inflammasome activity, IL1B and IL18, were not 
significantly induced by rotenone. Further experiments will be conducted to determine how 
microglia enhance astroglia Cxcl1 thereby improving our understanding of how environmental 
exposure to disease associated toxins could be translated into systemic and neurologic 
inflammation. 
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Abstract: Age is the highest risk factor for the development of neurodegenerative diseases (ND), 
such as Alzheimer’s disease (AD) and Parkinson’s disease (PD). As life expectancy increases, 
the incidence of ND and associated healthcare costs are projected to rise accordingly. Currently, 
no cure exists for ND and diagnosis occurs at advanced stages, which foreshadows a financial 
healthcare crisis. Therefore, early identification of patients at risk for ND may provide 
opportunities for more effective therapies. Since ND is associated with increased oxidative stress 
(OS) and inflammation, these markers could be used to identify patients at risk for ND. Multiple 
environmental factors can be an oxidative stressor, and thus exacerbate ND risk. One such 



environmental factor that increases OS is sleep apnea (SA). Severe SA has been well established 
as a common ND comorbidity. However, it is unknown if mild SA induces OS and associated 
neuroinflammation in areas associated with ND. To model mild SA in rats, chronic intermittent 
hypoxia was used. Male rats were exposed to six minute chronic intermittent hypoxia (CIH) 
cycles, during which oxygen levels were rapidly decreased from normal room air oxygen levels 
of 21% to 10% and held for 90 seconds. Oxygen levels were then rapidly returned to normal 
room air levels. This protocol repeated for eight hours a day during the light phase for seven 
days. Plasma and tissue from brain regions associated with ND were collected and tested for 
levels of OS and inflammation, using Advanced Oxidative Protein Products (AOPP) and 
multiplex immunoassays, respectively. Regions of interest were hippocampus (HIPP), entorhinal 
cortex (ETC), substantia nigra (SN), rostral ventrolateral medulla (RVLM), and solitary tract 
nucleus (NTS). Plasma OS markers and inflammation were elevated in rats exposed to CIH 
compared to control rats. Dysregulation of inflammatory markers was observed in the RVLM, 
NTS, and SN. This may contribute to an altered homeostasis, increasing the risk of ND. 
Increased inflammation was associated with OS in ETC, a brain region associated with early AD, 
whereas no effects were observed in the HIPP, a brain region associated with later stages of AD. 
Therefore, mild CIH can contribute to processes involved in early ND pathology by elevating OS 
and inflammation in critical brain regions. 
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Abstract: Microglia are myeloid cells derived from embryonic yolk sac and migrate into the 
CNS early in embryogenesis. Adult microglia participate in a variety of physiological processes 
and pathological responses in adult CNS. Two recent studies have demonstrated that 



pharmacological or genetic depletion of adult microglia invokes repopulation from a previously 
unknown Nestin expressing microglia progenitor population. Here we demonstrate that Nestin 
expressing CD11bpos/Iba-1neg microglia progenitors reside in the normal adult brain and 
constitute a substantial portion (10-15%) of the total resident myeloid population. Microglia 
progenitors can be cultured and further differentiated in vitro in a manner that recapitulates the 
molecular signatures observed during embryogenesis. Cultured microglia progenitors exposed to 
cytokines including interferon gamma, Interleukin-1 beta and tumor necrosis factor beta suppress 
Nestin expression and increase expression of mRNAs specifically associated with mature 
microglia. Nestinpos/CD11bpos/Iba-1neg cells were also isolated from the mixed glial cultures 
employed to generate cultured neonatal microglia, demonstrating that microglia progenitors in 
neonatal animals are similar to those observed in adults. To determine if inflammatory stimuli 
influence microglia progenitors in vivo, we performed 15 min. unilateral middle cerebral artery 
occlusion followed by reperfusion (MCAO/R), a stimulus known to induce an inflammatory 
reaction and ischemic preconditioning without infarction. Microglia progenitor proliferation was 
significantly induced ipsilateral to 15 minute MCAO/R 72 hours later. We observed an increase 
in the number of both microglia progenitors and differentiated microglia ipsilateral to MCAO/R 
at this time point. Microglia (CD11bpos/F480pos/CD45int) isolated from the cortex ipsilateral to 
MCAO/R also demonstrated gene expression profiles strongly associated with the induction of 
cellular proliferation. Taken together, these findings demonstrate that microglia progenitors are a 
distinct population of CNS cell that generate new microglia in vitro and can be recruited to 
participate in an in vivo inflammatory response. 
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Abstract: D- and J-series prostaglandins (PGs) are active in the central mechanisms of sleep, 
nociception, thermoregulation and inflammation. They represent one arm of the cyclooxygenase-
dependent synthetic pathways from PGH2, catalyzed by two terminal enzymes, lipocalin- and 
hematopoietic-prostaglandin D synthases (L- and H-PGDS, respectively). These enzymes are 
structurally and functionally distinct, and there remains uncertainty regarding their cellular 
localization and regulation in brain. Because prior studies in our laboratory implicated D/J-type 
PGs in anti-inflammatory interactions between vascular cell types in immune-to-brain signaling, 
we used immuno- and hybridization histochemical methods to clarify the PGDS distributions in 
rat and mouse brains. In rat, L-PGDS-immunoreactivity (ir) and mRNA were seen under basal 
conditions in the leptomeninges and associated with blood vessels throughout the brain. A 
majority of vascular cells and a minority of meningeal ones co-stained for the macrophage 
differentiation antigen, ED2, identifying them as perivascular and meningeal macrophages, 
respectively. Vascular L-PGDS+ cells never co-labeled for the endothelial cell marker, RECA1. 
Vascular and meningeal labeling for H-PGDS was also extensively colocalized with the ED2 
antigen in both meninges and vasculature, and was seen in activated Iba1-ir microglia 
surrounding a locus of mechanical damage (cannula track). Both enzymes’ expression was 
mildly upregulated in the early hours following an inflammatory challenge (100 µg/kg LPS, i.p.). 
A similar overall pattern of results was seen in mouse brain, except that we consistently failed to 
find evidence for vascular expression of H-PGDS mRNA or protein under either basal or 
stimulated conditions. These findings identify perivascular macrophages as a likely source of D/J 
prostaglandins in a position to engage in local, anti-inflammatory interactions with 
cerebrovascular endothelial cells in immune-to-brain signaling. 
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Abstract: The cembranoid (1S, 2E, 4R, 6R, 7E, 11E)-cembra-2,7,11-triene-4,6-diol (4R) is a 
natural compound found in tobacco leaves that has been shown to significantly decrease the 
infarct volume in a rodent model of ischemic stroke. There is evidence that this effect is 
mediated through alpha 7 nicotinic acetylcholine receptors (a7). The purpose of this study was to 
determine if 4R treatment decreases inflammatory cytokines and if a7 receptors are involved in 
this effect. This could explain 4R’s beneficial role in reducing brain damage after stroke. 
C57BL/6J wild type and a7 knockout (a7ko) mice received 6mg/kg of 4R dissolved in DMSO 
subcutaneously 90 min before an intraperitoneal injection of 1mg/kg LPS. Two hours later blood 
was collected and cytokines measured by flow cytometry. An LPS time-curve performed in wild 
type mice showed that TNFalpha peaked at 1 hr, while IL-6, IL-10, and MCP-1 peaked at 2 hrs. 
LPS treatment significantly increased the levels of all 4 cytokines in both wt and a7ko mice 
compared to mice receiving saline. Wt mice receiving either vehicle + LPS or 4R + LPS had 
significantly lower TNFalpha, MCP-1, and IL-10 cytokine levels compared to those receiving 
LPS alone. However, in the a7ko mice only the vehicle + LPS group had significantly lower 
levels of IL-6, TNF, MCP-1, and IL-10 compared to the LPS group. Cytokine levels in the 4R + 
LPS group were not significantly different from those in the LPS group in these mice. T-test 
analyses showed significant differences between wt and a7ko mice with regard to IL-6 (3,605 ± 
1340 versus 10,021 ± 5,100, respectively) and Il-10 (62 ± 36 versus 863 ± 200, respectively) 
cytokine levels. These data show that cembranoid 4R lowers LPS-induced TNF, MCP-1 and IL-
10 levels by an a7-dependent mechanism. 
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Abstract: After spinal cord injury (SCI) occurs, self-destructive mechanisms that cause 
immediate and chronic neurodegenerative process are triggered; they could harm motor, 
autonomic, and sensitivity functions. Several works have studied the effects of this inflammatory 
response and state that the balance between benefic and damaging effects depends in its 
intensity, in addition, mayor secondary damages occur during the acute phase. There’s no fully 
restorative therapy for SCI, but strategies for modulating inflammation provided evidence that 
rehabilitation after SCI may be possible. Monocyte locomotion inhibitor factor (MLIF) is a 
pentapeptide that regulates inflammatory molecules expression and increases the expression of 
proliferation, angiogenesis, vasculogenesis, and axonal guidance genes in vitro. In this context, it 
is necessary to know the effect of the MLIF on the expression in genes related to 
neuroprotection, degeneration, and inflammation, in an in vivo model. The aim of this study was 
to evaluate whether MLIF exerts a neuroprotective effect that promotes motor recovery by 
modulating the acute phase gene expression in rats subjected to SCI. Two experimental designs 
using 60 Sprague Dawley female rats divided in 5 groups: Sham; PBS; 1, 3 and 7 MLIF 
applications. All groups underwent a laminectomy at T9 level and a controlled moderated lession 
was followed by the application of MLIF or PBS as corresponding. The first application of MLIF 
(200 µg) or PBS were administered in the injury site and subsequent MLIF applications 
intraperitoneally every 24 hrs. In the first experimental design, the motor ability of the rats 
treated was tested during 8 weeks using the “BBB” scale. MLIF showed significant differences 
relative in comparison to the control group (α=0.01). Groups with multiple doses showed better 
motor recuperations than the group with only one dose. In the second experimental design, 3hrs 
after the last treatment in each group rats were sacrificed and 1 cm of spinal cord from the injury 
site was obtained; RNA was purified and microarray analysis expression studies were performed. 
The modification of expression of different gene families was observed. In qPCR, it was found 
that MLIF modulates DIVA, Pax6, and XIAP anti-apoptotic genes selectively in the three 
treatments; while, Casp3 had a lower expression and iNOS had a higher expression, however, it 
can be argued that when correlating the long-term behavior of individuals, the anti-apoptotic 
stimulus significantly promotes neuronal survival, thus improving the motor recuperation in rats 
subjected to a SCI model. 
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Abstract: Background 
Catecholamines, that are released early after acute spinal cord injury (SCI) as part of the 
sympathetic nervous system response to injury, stimulate splenic adrenergic receptors and 
promote monocyte migration into the injury site. Splenectomy immediately prior to SCI leads to 
reduced monocytes at the injury epicenter, decreased lesion size and better behavioral outcome 
(Blomster et al., 2013). Attenuation of the sympathetic response improves outcome in 
experimental stroke, another model of acute neurologic injury (Ajmo et al., 2009). 
Dexmedetomidine (DEX), a sedative that is commonly used for critically ill patients, including 
those with spinal trauma, is a sympatholytic agent by virtue of its highly selective alpha-2 
adrenergic agonist activity. We hypothesize that DEX can improve functional outcome after SCI 
by modulating the neuro-immune response. 
Methods 
Long-Evans female rats received i.p. injection of DEX (25 µg/kg) following unilateral C5 
contusion injury (75 kdyne) or C5 laminectomy only. DEX was given at 0, 2, 4, 6h following 
SCI on the first day and daily single dose on 2d, 3d, 4d and 5d thereafter. Animals were 
sacrificed at 6h, 24h or 7d after injury. Grooming score and forepaw placement tests were 
performed on 2d and 7d after SCI to evaluate behavioral recovery. In all groups, spinal cord, 
serum, and spleen tissues were harvested and analyzed for inflammatory markers. Flow 
cytometric analysis of peripheral leukocytes was also performed. 
Results 
Inflammatory markers were assessed in local injured spinal cord tissue at 6h, 1d and 7d post SCI. 
Compared to injury control, IL-6 was significantly reduced at all three time points, while TLR-4 
is down-regulated at 6h after DEX treatment. As a marker for macrophage and microglia, CD11b 



expression is decreased in DEX treated group. Further, DEX enhances the expression of 
Arginase-1 at both 6h and 1d, which suggests its ability to promote an anti-inflammatory 
response and tissue repair. In a time course study of blood monocyte using flow cytometry, 
percentage of peripheral CD11b/c positive cells are quickly elevated at 6h, peaked 1d after injury 
and slowly approach baseline over weeks. At 6h post SCI, these cells are significantly reduced 
by DEX. However, DEX seems to have no effect on these cells at later time points (1 and 7 
days). In behavioral tests, there is a trend of improvement in grooming score and weight support 
by ipsilateral forelimb in the DEX treated animals. 
Conclusions 
As a highly selective α2-adrenergic agonist and sympatholytic agent, dexmedetomidine seems to 
improve functional recovery after acute SCI and modulates both local and systemic immune 
responses. 
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Abstract: BACKGROUND: Stroke is one of the most disabled diseases and neovascularization 
is a promising strategy for acute ischemic stroke. To achieve a successful backward 
neovascularization from the external cranium with enriched environment, we simply combined 
mechanical barrier disruption (MBD) on the skull with systemic erythropoietin infusion under 
the brain ischemic condition. Therefore, this combination is hypothesized by two beneficial 
modes: (1) MBD is for a new vessel detour from the outside, (2) systemic erythropoietin (EPO) 
is a boosting drug for vessel maturation without regression. METHODS: Mild ischemic animal 
model was established by subjecting male Sprague-Dawley rats (250-270g) to bilateral internal 
carotid artery ligation (bICAL). They were intraperitoneally injected with recombinant human 
EPO (5000 U/kg) or saline for 3 days and were performed as a 2.5±0.5 mm burr-hole operation 
on the right side. MBD groups with or without EPO were compared in histology, gene 



expressions using quantitative real-time polymerase chain reaction, and postmortem angiography 
using the india ink stain at 3 phases: 4 (early, T1), 7 and 14 (intermediate, T2), 28 and 84 days 
(late, T3). RESULTS: Compared to contralateral side without MBD (left), ipsilateral side with 
MBD showed a successful neovascularization after 14 days (T2): Extra- and intracranial 
anastomoses were shown in a postmortem angiography at 14 days and vessel density (RECA-1+) 
was gradually increased since T2. Compared to contralateral MBD side during T1, ipsilateral 
MBD side showed an increase of pro-angiogenic (angiopoietin 2), inflammatory factors for 
vessel permeability, and activated M1 type microglia (Iba-1+/CD16/32+). However, there was a 
suppression of inflammatory responses (those with EPO) in T1. Compared to MBD without EPO 
group during T3, MBD with EPO group showed the increases of functional and structural vessel 
maturation (RECA-1+/SMA+/NG2+) along with upregulating relevant genes and activated M2 
type-microglia (Iba-1+/CD206+). Minocycline (45mg/kg) infusion for consecutive 4 days (MIC, 
inflammatory inhibitor during T1) showed a decreased expression of inflammatory factors and a 
decreased angiogenesis at T3, even in MBD with EPO group. CONCLUSIONS: Our data 
suggest that EPO contribute to a long-term stability for angiogenesis representing pro-angiogenic 
and anti-inflammatory properties, especially under the MBD status. This new method 
augmenting neovascularization without its regression can reflect a novel therapeutic strategy for 
ischemic stroke victims. 
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Abstract: Traumatic brain injury (TBI) is among the most common causes of acquired temporal 
lobe epilepsy (TLE). Multiple forms of synaptic reorganization occur in the dentate gyrus after 



brain injury, which may contribute to TLE development. A murine model of TBI using 
controlled cortical impact (CCI) injury was used to examine the effect of daily rapamycin 
treatment (3 mg/kg) on excitatory synaptic reorganization of dentate granule cells (DGCs) and 
CA3 pyramidal neurons after CCI injury. Increased doublecortin immunolabeling was observed 
in the ipsilateral DGC layer 2 weeks after CCI injury and mossy fiber sprouting was evident 8-13 
weeks post-injury in the ipsilateral hemisphere. Daily rapamycin treatment reduced both the 
increased doublecortin immunolabeling and mossy fiber sprouting in the ipsilateral dentate 
gyrus. Using mice that express GFP in a subset of inhibitory neurons (FVB-
Tg(GadGFP)4570Swn/J; i.e., GIN mice), whole-cell patch-clamp and on-cell recordings in vitro 
detected an increase in spontaneous EPSC frequency and action potential firing rate of surviving 
GFP+ hilar interneurons ipsilateral to CCI injury, relative to cells contralateral to the injury. 
Relative to CCI injury alone, daily rapamycin treatment for 8-12 weeks after CCI injury resulted 
in a reduction in the increase in sEPSC frequency and spontaneous firing rate of GFP+ hilar 
interneurons, but these measures were not normalized to control levels. After CCI injury, GFP+ 
hilar interneurons ipsilateral to injury exhibited increased evoked responses to glutamate 
photostimulation of both DGCs and CA3 pyramidal neurons, relative to contralateral and sham 
controls. Rapamycin treatment reduced responses of ipsilateral GFP+ hilar interneurons to 
glutamate photostimulation of DGCs, but did not reduce the increased response to glutamate 
photostimulation of CA3 pyramidal neurons. Rapamycin treatment therefore suppresses synaptic 
reorganization of DGCs, but not CA3 pyramidal cells after CCI injury. Ongoing experiments 
using glutamate photolysis will test the hypothesis that rapamycin treatment suppresses 
excitatory axon sprouting of DGCs, but not other neurons ipsilateral to CCI injury. 
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Abstract: Traumatic brain injury (TBI) is a leading cause of death and severe morbidity for 
infants who are born healthy. Despite the high prevalence and incidence of lifelong deficits from 
TBI suffered by infants, no targeted treatment currently exists to actively promote repair. Using a 
translatable preclinical model of infant TBI, we hypothesized that diffusion tensor (DT) 
magnetic resonance imaging (MRI) could be used to quantify outcomes and potential efficacy of 
the neuro-reparative agent erythropoietin (EPO). To this end, controlled cortical impact (CCI) 
was performed on postnatal day 12 (P12) rats of both sexes. Anesthetized rats underwent left 
parietal craniectomy and 0.6mm impact. On post-injury day (pid) 1, injured rats were 
randomized to 6 doses of intraperitoneal erythropoietin (EPO) 3000U/kg/dose or vehicle (sterile 
saline) over pid 1-8. Ex vivo MRI was performed on a 4.7T MRI scanner at P15, P45 and P90, 
and quantified by observers blinded to injury and treatment status. DTI investigation reveals 
bilateral widespread injury and significant abnormalities of functional anisotropy (FA), axial 
(AD) and radial diffusivity (RD) developing acutely from P15 through P45 in multiple gray and 
white matter structures following CCI. Specifically, FA is decreased, and AD and RD increased, 
in the corpus callosum, and hippocampus and thalamus ipisilateral to CCI compared to sham 
(n=6-8/group, p<0.05 for all). Notably, treatment with EPO reversed changes in AD and RD 
throughout the white matter, overlying cortex and AD in thalamus both ipsilateral and 
contralateral to CCI (two-way ANOVA with post-hoc correction, p=0.011 and p=0.029, 
respectively). Impaired diffusivity in white and gray matter was sustained at P90, with increases 
in AD and RD concomitant with reduced structural coherence in the corpus callosum, lateral 
white matter and cortex. Notably, EPO treatment provided sustained repair of AD and RD 
microstructural abnormalities bilaterally (i.e. corpus callosum RD: CCI-veh 4.0±0.29x10-4 vs. 
CCI-EPO 3.4±0.02x10-4 mm2/s, p=0.03). Together, these data indicate that EPO, administered in 
an extended post-injury dosing paradigm congruent with its mechanisms of action, proved 
efficacious in reversing microstructural and sustained diffusion abnormalities in developing rats. 
These data support the use of age-appropriate preclinical models with human clinical trial-
compatible imaging biomarkers and outcome measures. 
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Abstract: Traumatic brain injury (TBI) is a leading cause of death and severe morbidity for 
infants who are born healthy. No targeted treatment currently exists to actively promote repair 
after early TBI, despite the high incidence of chronic, debilitating deficits. Using a translatable 
preclinical model of infant TBI, we hypothesized that touchscreen cognitive testing could be 
used to quantify outcomes and potential efficacy of the neuro-reparative agent erythropoietin 
(EPO). Controlled cortical impact (CCI) was performed on postnatal day 12 (P12) rats of both 
sexes. Anesthetized rats underwent left parietal craniectomy and 0.6mm impact. On post-injury 
day (pid) 1, injured rats were randomized to 6 doses of intraperitoneal erythropoietin (EPO) 
3000U/kg/dose or vehicle (sterile saline) over pid 1-8. Similar to the Cambridge 
Neuropsychological Test Automated Battery (CANTAB) in humans, a touchscreen platform was 
applied to assess multiple cognitive domains. Beginning at P35, rats were trained on a 
touchscreen operant platform by blinded investigators. Following successful training, rats 
performed visual discrimination (VD) and reversal tasks to assess executive function and 
cognitive flexibility (n=6-8/group, two way ANOVA with Bonferroni correction). Results 
indicate that Sham, CCI and CCI-EPO rats are able to successfully perform VD with each group 
requiring a similar number of sessions to passing criteria and committing similar numbers of 
discrimination errors. However, when assessing reversal learning, only 57.1% of CCI animals 
successfully passed criteria compared to 100% of Sham and 83.3% of CCI animals treated with 
EPO. Notably, CCI animals committed significantly more errors and required more correction 
trials (1114±132) compared to Sham (730±95) and CCI-EPO (652±61, p<0.05 for all), 
concomitant with increased perseveration (all p<0.05). Reaction and magazine latencies were 
similar for each group and did not differ between VD and reversal platforms. Taken together, 
EPO treatment ameliorates deficits on a touchscreen platform, including error reduction and 
perseveration, and restores cognitive flexibility. To our knowledge, this is the first demonstration 
using the highly-translatable, sophisticated cognitive testing of the touchscreen platform for TBI. 
EPO, administered in an extended post-injury dosing paradigm congruent with its mechanisms of 
action, proved efficacious in reversing functional impairment after TBI in developing rats. 
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Abstract: Objective: Mesencephalic astrocyte-derived neurotrophic factor (MANF) and 
cerebral dopamine neurotrophic factor form a novel evolutionally conserved family of 
neurotrophic factors. Previous studies have shown that glial cell line-derived neurotrophic factor 
(GDNF) and MANF pretreatment reduce ischemic brain injury and promote behavior recovery, 
and that GDNF induces neurogenesis after striatal stroke. The purpose of this study was to study 
the effects of MANF, CDNF and GDNF treatments on neurogenesis in stroke rats. Material and 
Methods: Adult rats were subjective to 90 minutes middle cerebral artery occlusion (MCAO) 
and divided into four groups based on their neurological scores. Recombinant human MANF, 
CDNF, GDNF proteins (10 µg) or phosphate buffered saline (PBS) was administrated to rats via 
intraventricular injections on days 3, 7, 10 post-stroke. Proliferating cells were labeled with 5´-
bromo-2´deoxyuridine (BrdU) injections from day 4 to day 10. Fourteen days after stroke rats 
were perfused and brains collected for immunohistochemistry. Result: Stroke increased the 
number of doublecortin+ cells in the ipsilateral SVZ post-stroke. GDNF increased BrdU+ cells 
in ipsilateral SVZ and the number of doublecortin+ cells in the striatum. MANF did not have 
effect on number of BrdU+ cells in the SVZ but it increased number of doublecortin+ in the 
corpus callosum and the peri-infarction zone. We did not observe effects with CDNF. 
Conclusion: Taken together, these data suggest that intraventricular injections of MANF after 
post-stroke promoted the migration of endogenous neuroblasts from the SVZ to the lesioned 
cortex in adult rats of stroke. 
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Title: Promoting post-stroke plasticity with local delivery of brain-derived neurotrophic factor 
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Abstract: Stroke is a devastating neurological event, affecting approximately 5 million people 
each year. As there is currently no treatment that will regenerate damaged brain tissue, stroke 
survivors suffer from permanent disabilities and memory loss that greatly impact quality of life. 
Administration of a known agent of plasticity, Brain-Derived Neurotrophic Factor (BDNF), has 
the potential to facilitate the rearrangement necessary to compensate for stroke-induced 
deficiencies; however, delivery of this protein to the brain remains a challenge1. We have 
previously developed a biocomposite composed of a hyaluronan and methyl cellulose hydrogel 
(HAMC) and poly(lactic-co-glycolic acid) (PLGA) nanoparticles in order to circumvent the 
blood brain barrier and provide local, sustained release of therapeutics2. In this work, we 
optimize this biocomposite for the delivery of BDNF and evaluate efficacy of this delivery 
strategy in a rat model of stroke injury. 
BDNF was encapsulated in PLGA nanoparticles using a double emulsion technique. These 
nanoparticles were mixed with hyaluronan and methyl cellulose to create the PLGA-HAMC 
biocomposite and the release of BDNF from this system was studied in vitro. To measure the 
extent of penetration of locally delivered BDNF into stroke-injured brain tissue, endothelin-1 
was used to create stroke lesions in male Sprague-Dawley rats and the biocomposite was injected 
onto the surface of the cortex above the lesion. Animals were sacrificed at 13 and 20 days post-
injury and enzyme-linked immunosorbant assay (ELISA) was used to measure BDNF 
concentration in the tissue. 
In vitro, the release of BDNF from the HAMC hydrogel alone reached completion by three days, 



whereas BDNF release from the PLGA-HAMC system was sustained out to 28 days with no 
initial burst release. A dorsal root ganglion bioassay revealed that the BDNF released from this 
system was still bioactive at each sample time point. In vivo, BDNF diffused from the 
biocomposite on the surface of the cortex into the tissue and was detectable above endogenous 
levels at all depths tested. 
The PLGA-HAMC delivery system achieved sustained, local release of bioactive BDNF to the 
stroke-injured rat brain. Ongoing studies will evaluate the effect of locally 
delivered BDNF on synaptic plasticity and functional recovery in the endothelin-1 rat model of 
stroke. 
References: 
1. 
Cowansage, K. K., LeDoux, J. E. & Monfils, M.-H. Curr. Mol. Pharmacol. 3, 12-29 (2010). 
2. 
Cooke, M. J., Wang, Y., Morshead, C. M. & Shoichet, M. S. Biomaterials 32, 5688-97 (2011). 
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Abstract: Traumatic brain injury (TBI) is the recognized cause of disability in various 
population groups including military/veterans and athletes, and has long been known as a risk 
factor for neurodegenerative disorders such as Alzheimer’s disease (AD). Currently, there is no 
efficient treatment for TBI due to complex and diverse neuropathological processes occurring 
after injury. However, we propose that certain drugs which are used to ameliorate AD conditions 
may also show positive changes in TBI. For this purpose, we are testing nilvadipine, calcium 
channel blocker (CCB), in a mouse model of repetitive mild TBI (r-mTBI). Nilvadipine is known 



as an anti-hypertensive drug, but was also shown in our laboratory as AD preventive drug via 
reduction of Aβ accumulation, and is now under clinical trial, Phase III in Europe. To verify 
nilvadipine effects after r-mTBI, we are using aged htau mice (expressing all six isoforms of 
human tau) which show age-related tau pathological features. Animals subject to five hits with 
an inter-injury interval of 48hrs or r-sham in order to control for the effects of repeated 
anesthesia followed intraperitoneal (IP) injections of nilvadipine during 21 days. A battery of 
behavioral tests is currently ongoing to assess cognitive impairments. Rotarod showed positive 
performance of motor function in nilvadipine treated mice compared to vehicle only group. 
Barnes Maze and optomotor response were used to assess spatial memory and vision. Moreover, 
we are planning to collect brain samples 1 week after final injection for immunohistochemistry 
(IHC) analysis and to look at inflammation level using Iba1, GFAP and APP as biomarkers for 
activated microglia, astrogliosis and axonal damage, respectively. 
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Title: The aminopeptidase P2 inhibitor, ST-115, improves functional outcomes after 
experimental stroke. 
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Abstract: Stroke remains the fifth leading cause of death and the leading cause of disability in 
the US. Previous studies have shown that reperfusion injury is positively associated with the 
extent of stroke damage. There is an urgent clinical need for novel safe and efficacious therapies 
that prevent the deleterious effects of reperfusion injury. Apstatin is a selective aminopeptidase 
P2 blocker that has previously been shown to be highly effective in preventing cardiac 
reperfusion injury. Aminopeptidase P2 is localized at the luminal plasma membrane in 



endothelial cells, where it inactivates the peptide hormone bradykinin through hydrolysis. Here 
we tested the hypothesis whether the apstatin analog, ST-115, can prevent ischemia/reperfusion 
injury and improve functional outcomes and retinal degeneration in an experimental model for 
stroke. Male Sprague-Dawley rats (2 months of age) were subjected to experimental stroke 
surgery by transient (45 min) bilateral occlusion of the common carotid artery and unilateral 
occlusion of the middle cerebral artery, followed by either 48 hr or 2 wk of survival time. 
Animals received either saline, or the apstatin analog ST-115 (16 µg/kg), which is 1000-times 
more potent than apstatin (IC50 = 3.7 nM) by intravenous injection immediately prior to initiation 
of reperfusion. At 48 hrs, ST-115-treated animals showed a highly statistically significant 
improvement of acute neurological deficits as assessed by the NeuroScore paradigm, which tests 
abnormal forelimb posture, rearing, and weight bearing (2.3 ± 0.2 and 0.2 ± 0.2; P<0.01), and a 
statistically significant reduction in the volume of ischemia-induced lesions as quantified by TTC 
staining. In order to test long-term functional outcomes, we assessed the skilled forelimb 
reaching task in another cohort after 2 wk of survival. ST-115-treated animals performed 
significantly better than saline-treated controls (P<0.001) and showed no statistically significant 
difference in the reaching score from baseline (P=0.46). We further characterized retinal damage, 
which is clinically associated with stroke and ischemia/reperfusion injury. ST-115 reduced the 
number of apoptotic retinal ganglion cells (RGCs) from 62.1% to 40.5% (P<0.01), as assessed 
by fluorescent TUNEL staining on frozen sections. Similarly, ST-115 improved retinal thinning 
and reduced expression of astrocytic and microglial markers, glial fibrillary acidic protein 
(GFAP) and ionized calcium-binding adapter molecule 1 (Iba1). Our data provide strong proof-
of-concept and feasibility data supporting the development of apstatin analogs for targeted 
therapy against ischemia/reperfusion injury after stroke. 

Disclosures:   S. Kaja: C. Other Research Support (receipt of drugs, supplies, equipment or 
other in-kind support); K&P Scientific LLC, Experimentica Ltd.. E. Ownership Interest (stock, 
stock options, royalty, receipt of intellectual property rights/patent holder, excluding diversified 
mutual funds); K&P Scientific LLC, Experimentica Ltd.. F. Consulting Fees (e.g., advisory 
boards); Experimentica Ltd.. S. Tsai: None. A. Rockwell: None. E. Savarese: None. V. Rao: 
None. G.L. Kartje: None. W.H. Simmons: E. Ownership Interest (stock, stock options, royalty, 
receipt of intellectual property rights/patent holder, excluding diversified mutual funds); U.S. 
Patent US9212206 B1. 
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Title: A role for neuropeptide signaling in regulating C. elegans response to anoxia 
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Abstract: While the brain is 2% of the body’s mass, it utilizes 20% of all consumed oxygen to 
maintain its energy needs. As a result, the nervous system is very sensitive to oxygen 
availability, and neurons can alter their metabolic state and activity upon detecting a decrease in 
oxygen. Neuronal injury caused by reduced oxygen (hypoxia or anoxia) has severe implications 
in development and adulthood, leading to impaired brain function and even death. In this study, 
we use the nematode C. elegans to understand the molecular regulation of anoxic injury. The 
worm responds to hypoxia and anoxia using distinct molecular pathways, and while the genetic 
regulation of the hypoxic response has been well characterized in the worm, less is known about 
the response to anoxic environments. Here, we find a novel role for neuropeptide signaling in 
regulating a specific response to anoxia using genetic manipulations afforded by this model 
organism. Loss of function mutants in neuropeptide maturation (egl-3) as well as neuropeptide 
release (unc-31) have a significant survival advantage after 48hr anoxia compared to wild-type 
N2 animals. Tissue-specific loss of egl-3 demonstrates that the nervous system is necessary for 
this effect, confirming that neuropeptides, and not other peptidergic hormones, mediate this 
regulatory response. The role of neuropeptide signaling is also specific to anoxic stress as it does 
not protect against other stressors such as heat or ER stress. This response is independent of 
many canonical stress resistance factors (daf-16, hsf-1, skn-1). It is also independent other 
known genes involved in hypoxia and anoxia, such as hif-1 and nsy-1. Others have reported that 
the homolog of yeast longevity assurance gene 2 (hyl-2), a ceramide synthase, protects C. 
elegans from anoxia as hyl-2 mutants are very poor survivors of anoxic stress. We made double 
mutants to test whether loss of neuropeptide secretion is dependent on hyl-2 for its protective 
effect. Our results indicate that hyl-2 is indeed necessary for the protective effect conferred by 
loss of neuropeptide signaling. Ongoing work aims to describe the mechanistic link between unc-
31/egl-3 and hyl-2 in regulating this response. We are also working to define the specific 
neuropeptide(s) and the cell-types responsible for neuropeptide-mediated death under anoxia. 
This work sheds light on a novel and specific pathway regulating the response to severe oxygen 
deprivation, and could have implications for a variety of human conditions including, among 
others, hypoxic ischemic encephalopathy, stroke and injury to the brain. 

Disclosures:  S. Doshi: None. R.G. Kalb: None. 
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Abstract: Traumatic brain injury (TBI) is the leading cause of death and disability in the most 
active segment of the population. At present, no pharmacological agent is approved for the 
treatment of TBI. The enormous human suffering and financial burden of TBI provides a 
compelling rationale for the development of novel agents and approaches to TBI management. 
Using in vivo phage screening in an animal model of TBI, we have identified a novel brain injury 
targeting peptide (BIP) that, when systemically injected, specifically homes to sites of injury in 
penetrating and non-penetrating (controlled cortical impact) brain injury models. The target 
epitope for BIP peptide appears to be within a proteoglycan complex that is upregulated in 
mouse and human brain injuries. We have used BIP to enhance the accumulation of systemically 
administered molecules ranging from a drug-sized molecule to nanoparticles to sites of brain 
injury. BIP-coated nanoparticles containing silencing oligonucleotides provided first evidence of 
gene silencing in injured brain parenchyma by systemically administered siRNA. Importantly, 
BIP also showed selective binding to human brain injury lesions, which supports the potential 
application of this delivery strategy in humans. The effect of targeted delivery of therapeutics 
using BIP on brain injury is currently being investigated. Together, these findings present a 
readily accessible and effective targeting strategy for the delivery of therapeutics in clinical 
management of acute brain injuries. 
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Title: cPLA2 activation leads to lysosomal damage and autophagy impairment after TBI 
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Abstract: Autophagy, a lysosome dependent major cellular degradative process, plays important 
role in maintaining cellular homeostasis particularly in cells like neurons. Autophagic 
dysregulation has been implicated as one of the major causes of neuronal cell death in several 
neurodegenerative diseases. Recently we also have demonstrated impairment of autophagy 
following controlled cortical impact (CCI) induced traumatic brain injury (TBI) in mice. We 
observed block of autophagosome degradation mainly within neuron at early time point after 
TBI. Our data indicated that it is at least in part due to lysosomal dysfunction, as evidenced by 
lower protein levels and enzymatic activity of the lysosomal enzyme, cathepsin D (CTSD) in 
injured cortex at day 1 after TBI. In the current study we further explored the mechanism of 
lysosomal defect following TBI. We observed leakage of lysosomal content into the cytosol due 
to lysosomal membrane damage after brain injury. This correlated with the activation of 
cytosolic phospholipase A2 (cPLA2), an enzyme that cleaves fatty acyl linkage in the 
phospholipid of cellular membranes. We observed enhanced phosphorylation of cPLA2 within 
mouse cortex soon after injury. Furthermore, elevated level of cPLA2 was also observed within 



neurons where autophagosomes accumulate following brain injury. Consistently with the 
possibility that cPLA2 activity may damage lysosomal membranes and inhibit autophagy, block 
of autophagosome degradation was detected in vitro in H4 cells and rat cortical neurons treated 
with cPLA2 activator ceramide-1-phosphate (C1P). This was due to the lysosomal damage 
caused by cPLA2 activation as evidenced by lower lysotracker fluorescence in cells treated with 
C1P. SiRNA mediated knock down of cPLA2 or pretreatment of cells with cPLA2 inhibitor 
arachidonyl trifluoromethyl ketone (AACOCF3) substantially prevented autophagosome 
accumulation in C1P treated H4 cells and rat cortical neurons. In vivo, we observed significant 
decrease in accumulation of autophagosomal marker LC3-II and its substrate p62 in the injured 
mouse cortex when mice were treated before and after CCI with AACOCF3. Taken together 
these data indicate that cPLA2 activation leads to lysosomal damage causing autophagosome 
accumulation in the cortex and contributing to neuronal cell death after TBI. Thus we propose, 
that inhibiting cPLA2 mediated lysosomal damage early after TBI may restore autophagosome 
clearance and decrease neuronal cell loss. 
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Abstract: Traumatic brain injury (TBI) robustly increases the generation of adult-born neurons 
within the dentate gyrus of the hippocampus, a brain region critical for learning and memory. 
Under healthy conditions, constitutive neurogenesis is important for certain forms of learning 
and memory, although whether post-traumatic neurogenesis is beneficial or harmful to cognitive 
restoration has yet to be established. Benzodiazepines, which are frequently administered to 
severely head-injured patients during hospitalization, target receptors known to modulate 
constitutive neurogenesis. To investigate whether benzodiazepine administration after TBI 
affects post-traumatic neurogenesis, we administered diazepam continuously for one week via 
implanted osmotic pump immediately after a controlled cortical impact (CCI) injury was 
performed on 2-month old mice. Diazepam administration attenuated the TBI-induced increase 
in hippocampal neurogenesis without reducing neurogenesis below baseline levels, and did not 
affect neurogenesis in uninjured control mice. Cell proliferation three days after injury as 
assessed by bromodeoxyuridine incorporation into dividing cell nuclei was unaffected by 
diazepam, suggesting that the inhibition of post-traumatic neurogenesis by diazepam may be 
attributed to changes in survival or differentiation of cells generated after CCI. Neuronal activity 
within the hippocampus, however, was significantly decreased as assessed by cFos 
immunohistochemistry. Diazepam exposure also mitigated the dendritic abnormalities previously 
reported in TBI-induced adult-born neurons, but did not inhibit the enhanced outward migration 
of new neurons through the granule cell layer. As diazepam selectively attenuated the increase in 
neurogenesis without affecting baseline levels of neurogenesis, it may be a powerful tool to 
determine whether the increased generation of neurons born after injury is beneficial or harmful 
to cognitive recovery. 
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Abstract: Spasticity is a major health problem for patients with moderate to severe traumatic 
brain injury (TBI). Following TBI, the onset of spasticity and its secondary muscular and 
orthopedic sequellae is rapid, and can begin as early as one week following injury. These 
progressively developing motor disabilities often represent significant barriers for re-entry of 
TBI patients into the community. However, current federal guidelines preclude the use of ITB 
therapy for spasticity treatment during the first year following TBI due to insufficient data to 
determine potential risk associated with early therapies on cognitive function, balance, and motor 
recovery. Moreover, it is not clear, if acute ITB is safe or provides a therapeutic advantage when 
combined with locomotor therapy. Therefore, the objective of this preclinical study was to 
determine the safety and effectiveness of an experimental rehabilitation program that combined 
ITB and locomotor exercise. In these studies ITB (Lioresal® baclofen injection; 0.8µg/hr) and 
treadmill locomotor exercise (Tm) were initiated at one week after TBI (450g / 1.5 m), and then 
continued for 4 weeks. We recently reported that enduring spasticity, balance, anxiety and 
cognitive deficits were observed and quantitated in this TBI model (Bose et al., 2013). Spasticity, 
anxiety-like behavior, balance, cognitive, and home caged performances were measured using an 
elevated plus maze (EPM), rotorod, Morris water maze (MWM), and Noldus Phenotyper, 
respectively. One month of ITB and Tm combined treatment produced the most significant 
reduction in spasticity without detectable impact on cognitive, balance, anxiety or activity 
recovery. In fact, this combined treatment completely blocked early onset spasticity. More 
importantly, this significant therapeutic benefit persisted even after cessation of ITB therapy. 
Interestingly, the combined therapy group exhibited significantly reduced MWM latency at the 



fourth day of testing, and significantly less anxiety-like behavior in the EPM. Moreover, 12-hour 
video-tracked activity monitoring data (6pm through 6am) did not show any adverse effects. In 
fact, ITB+Tm group exhibited home caged behavioral patterns similar to normal animals. These 
observations indicated that initiating ITB at one week post-TBI was safe, feasible, and effective; 
and in combination with a Tm therapeutic exercise protocol provided the most effective 
rehabilitation. These studies also indicate that progressively, a broad spectrum of comprehensive 
data will reinforce confidence in the safety, feasibility, and efficacy of early intervention 
treatments with locomotor therapy for TBI-spasticity. 
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Abstract: Mild traumatic brain injury (mTBI) typically results from a closed-head insult after a 
primary blast shock wave, blow to the head, or head acceleration - deceleration during a 
collision. It is a frequent occurrence during military combat, sports, recreational activities, and 
vehicular accidents. MTBI can cause long lasting cognitive deficits. Depression and persevering 
fear are among the most commonly observed deficits in mTBI patients, and they have been 
reproduced in a focal cranial air-blast model of mTBI in mice (1, 2). Although these deficits 
strongly implicate neuropathology of the medial prefrontal cortex (mPFC) and the hippocampus, 
abnormalities in these brain regions after mTBI have not been confirmed. We used multi-
electrode, multi-site recording techniques in the focal cranial air-blast mouse model of mTBI to 
investigate the effect of mTBI on oscillatory neuronal activity, coherence and phase-amplitude 
coupling (PAC) in medial prefrontal cortex (mPFC), the primary somatosensory and primary 
visual cortex (S1/V1), and the hippocampal CA1 area. We also investigated the effect of mTBI 
on CA1 sharp wave ripples (SWR) and on SWR evoked responses in the mPFC. Coherence and 
PAC of neuronal oscillations require precise temporal coordination of neuronal activity within 
and/or between regions, and we hypothesized that they would be sensitive indicators of cortical 
and hippocampal connectivity disruption following mTBI (2, 3). MTBI caused increased 
coherence of oscillatory activity at theta to beta (4-30Hz) frequencies within the mPFC and 
S1/V1, enhanced theta-gamma PAC within the mPFC, caused a downshift of SWR frequency in 
the CA1 and reduced SWR-evoked LFP activity in the mPFC. Systemic treatment of mTBI mice 
with the cannabinoid type-2 (CB2) receptor inverse agonist SMM-189 for two weeks after blast 
rescued most deficits. In the brain, CB2 receptors are selectively expressed on microglia, and 
SMM-189 acts to bias microglia from the pro-inflammatory M1 state to the pro-healing M2 
state. Our findings link mTBI to specific deficits in oscillatory network activity and functional 
connectivity within mPFC, S1/V1 and hippocampus, and suggest targeting of neuroinflammatory 
processes as a promising route for the development of treatments for mTBI. 
1. Guley, N.G., Rogers, J., Del Mar, N., Deng, Y., Islam, R.M., D'Surney, L., Ferrell, J., Deng, 
B., Hines-Beard, J., Bu, W., et al. (2016) J. Neurotrauma 33, 403-422. 
2. Johnson, V.E., Stewart, W., and Smith, D.H. (2013) Exp Neurol 246, 35-43. 
3. Reiner, A., Heldt, S.A., Presley, C.S., Guley, N.H., Elberger, A.J., Deng, Y., D'Surney, L., 
Rogers, J.T., Ferrell, J., Bu, W., et al. (2015). Int. J. Mol. Sci. 16, 758-787. 
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Abstract: Excitotoxic oxidative stress and DNA damage causes excessive activation of the 
nuclear enzyme poly(ADP-ribose) polymerase-1 (PARP-1). This leads to mitochondrial 
dysfunction and neuron death, but the mechanisms of PARP-1-induced mitochondrial damage 
are poorly understood. Peroxisome proliferator-activated receptor gamma coactivator-1α (PGC-
1α) is a master regulator of mitochondrial biogenesis and respiration. PGC-1α activity is 
influenced by sirtuins, which are nicotinamide adenine dinucleotide (NAD+)-dependent class III 
histone deacetylases. Since PARP-1 consumes NAD+, we hypothesized that PARP-1 leads to 
mitochondrial dysfunction in neurons by inhibiting sirtuin activity and preventing support of 
mitochondrial function by PGC-1α. Primary cortical neuron cultures were exposed to the DNA 
alkylating agent, N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) to initiate pathological PARP-
1 activation. A Seahorse Flux Analyzer was then used to assess several facets of mitochondrial 
function. Beginning 4 hr after MNNG exposure, maximal respiratory rate, respiratory control 
ratio, and spare respiratory capacity were significantly reduced in a manner partially restored by 
PARP-1 inhibition (PJ34, 10 µM), PARP-1 deletion (parp-1-/- mice) or exogenous replenishment 
of NAD+. MNNG caused PARP-1-dependent depletion of NAD+ levels and commensurate 
inhibition of sirtuin deacetylase activity. Increased PGC-1α acetylation was also observed, 
corresponding with reduced PGC-1α binding to nuclear respiratory factor-1 (NRF-1), NRF-1 
association with mitochondrial transcription factor A (TFAM) promoter, and TFAM expression. 
In agreement, mitochondrial DNA copy number and total mass were significantly attenuated by 
MNNG by a mechanism sensitive to PJ34 or exogenous NAD+ replacement. Taken together, 
these data demonstrate that PARP-1 activation causes NAD+ depletion severe enough to inhibit 
PGC-1α-directed mitochondrial mass and respiratory capacity in neuron cultures. 
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Abstract: Traumatic brain injury (TBI) is a risk factor for neurodegenerative diseases and 
mortality worldwide. The therapeutic effects and time window of pomalidomide (Pom), an FDA 
approved immunomodulatory agent, were evaluated in a moderate to severe rat model of TBI 
induced by controlled cortical impact. Pom (0.5mg/kg, i.v.) or vehicle was administered at 5 or 7 
hr after TBI. Neurobehaviors were evaluated using swing test, adhesive removal, modified 
neurological severity scores and beam walking. Tissue levels of mRNA and protein of pro-
inflammatory cytokines such as tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6), 
interleukin-1β (IL-1β) were measured by reverse transcriptase-qPCR and ELISA, respectively. 
Our results indicate that post-injury treatment with a single Pom dose within 5 hr significantly 
alleviated functional impairments caused by TBI. Pom reduced the contision volume, augmented 
neuronal survival and provided anti-inflammatory effects. In addition, Pom concentration-
dependently ameliorated glutamate-mediated cytotoxic effects, H2O2-induced oxidative stress 
on cell viability and reduced microglial cell activation in vitro. Our data suggest that Pom has 
therapeutic effects to improve histological and functional outcomes after TBI and reduces 
neuroinflammatory responses. These findings strongly support the further evaluation and 
optimization of Pom for potential use clinically in TBI. (supported by MOST 104-2923-B-038-
001-MY3, Taiwan). 
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Abstract: Introduction: The typical antipsychotic drug (APD) haloperidol (HAL), a D2 receptor 
antagonist, has been shown to impede functional outcome after experimental traumatic brain 
injury (TBI). Furthermore, the deleterious effects persist for up to 3 months after drug 
withdrawal. Moreover, a recent study showed that HAL reduced the effectiveness of 
environmental enrichment (EE), a preclinical model of neurorehabilitation. Because agitation is 
common after TBI, patients are provided APDs so that they can be safely managed. However, 
many patients in rehabilitation will only experience agitation occasionally and thus will receive 
APDs intermittently. Hypotheses: Aripiprazole (ARIP), a partial D2 and 5-HT1A receptor 
agonist, will not impair recovery or reduce the effectiveness of EE regardless of whether 
administered once every day (i.e., chronic agitation) or once every other day (occasional 
agitation). Methods: Anesthetized adult male rats received a cortical impact of moderate severity 
or sham injury and were then randomly assigned to EE or standard (STD) housing. Treatments 
with ARIP (0.1 mg/kg; i.p.) or vehicle (VEH; 1.0 mL/kg; i.p.) began 24 hr after injury and 
continued once daily for 19 days, or once every other day for the same period. Motor (beam-
walk) and cognitive (spatial learning) outcome were assessed on post-operative days 1-5 and 14-
19, respectively. Results: Motor and cognitive function was significantly improved in the 
TBI+EE+VEH vs. TBI+STD+VEH group (p<0.05). Moreover, the TBI+EE+ARIP groups, 
regardless of dosing regimen, performed significantly better on all endpoints relative to the 
TBI+STD+VEH controls (p<0.05), but did not differ from one another or from TBI+EE+VEH 
(p>0.05). Conclusions: The data replicate previous work from our laboratory showing the EE 
improves functional outcome after TBI. Furthermore, ARIP, unlike HAL, did not impair 
recovery or reduce the efficacy of EE, which supports the hypothesis. Significance: ARIP is 
beneficial on its own and does not negate the benefits of rehabilitation (i.e., EE) and thus may be 
used to control TBI-induced agitation and aggression without compromising recovery. 
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Abstract: Preclinical studies have shown that chronic administration of the antipsychotic drugs 
(APDs), haloperidol (HAL) or risperidone (RISP), impairs neurobehavioral recovery after TBI. 
However, APDs are often administered intermittently rather than continuously to TBI patients as 
restlessness and agitation occur irregularly during the recovery phase. The goal of this study was 
to test the hypothesis that intermittent (1 or 3 times per week) administration of HAL and RISP 
would produce less deleterious effects on motor and cognitive recovery compared to chronic 
(daily) administration. Anesthetized adult male rats received a controlled cortical impact (2.8 
mm tissue deformation at 4 m/s) or sham injury and then were provided HAL (0.5 mg/kg; i.p.), 
RISP (0.45mg/kg; i.p.) or vehicle (VEH; 1 mL/kg; i.p.), with administration starting at 24 h after 
surgery and then either once daily (chronic), or 1 or 3 times weekly for 19 days. Beam-
balance/walk and Morris water maze performance were assessed on post-injury days 1-5 and 14-
19, respectively. The data revealed that the TBI groups administered HAL or RISP intermittently 
did not significantly differ from the VEH+TBI group in both motor and cognitive outcome, 
which is opposite to the chronic (once daily) treatment paradigm, which performed worse in all 



behavioral measures compared to the VEH+TBI group (p < 0.05). These findings replicate pre-
vious reports that chronic administration of HAL or RISP negatively impact motor and cognitive 
recovery after cortical impact. Additionally, the data expands the research by demonstrating that 
intermittent administration of HAL or RISP, regardless of whether once or three times a week, 
did not impair recovery as those groups did not differ from the TBI+VEH-treated controls. The 
potential clinical implications of these findings suggest that intermittent administration of the 
APDs HAL or RISP may be safely used to control agitation in TBI patients, without negatively 
impacting subsequent recovery. 
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Abstract: Traumatic brain injury (TBI) affects 2 million individuals in the United States each 
year, and many survivors endure long-lasting cognitive impairments associated with frontal lobe 
disturbances, while also being vulnerable to neuropsychiatric disorders. Clinical and preclinical 
research has highlighted the importance of chronic stress, particularly when presented in an 
unpredictable fashion, as a major risk factor for many psychopathological conditions. In the 



current study, we are beginning to assess clinically-relevant cognitive-behavioral and anxiety-
like dimensions sensitive to both TBI and chronic unpredictable stress (CUS). We hypothesized 
that moderate TBI produced by controlled cortical impact (CCI) injury, as well as CUS exposure 
will render cognitive impairments in male rats in an attentional set-shifting test (AST), reduced 
sucrose preference and open field exploration, as well as blunted weight gain. Isoflurane-
anesthetized adult male rats were subjected to a CCI (2.8 mm cortical tissue deformation at 4 
m/sec) or sham injury over the right parietal cortex. Following surgery, rats were randomly 
assigned to receive CUS (21 days starting 5 days post-surgery) or 30 sec of handling (CTRL). 
Upon cessation of stress, rats were tested for perceived state of anxiety (open field test) and 
anhedonia (reduced preference of 1% sucrose-water versus regular water overnight). At 4 weeks 
post-surgery, rats were then tested on the AST, which involves a series of increasingly difficult 
discriminative tasks to obtain food reward. Preliminary results demonstrate that CUS exposure 
leads to a 5-10% weight gain reduction compared to CTRL group, yet the combination of TBI 
and CUS does not seem to negatively impact center exploration in the open field, or sucrose 
preference (n=8-12/group). We anticipate that TBI will lead to cognitive deficits, as previously 
reported (Bondi et al., 2014, J Neurotrauma), which will be further augmented by CUS 
exposure. This ongoing project will provide novel outcomes pertaining to cognitive capability, as 
well as anxiety- and depressive-like symptoms following overlapping chronic stress exposure 
and the recovery phase of TBI. 
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Abstract: Stroke is one of the leading causes of adult disability in the United States. Physical 
therapy leads to modest improvements in motor recovery, but there is currently no drug regimen 
available to enhance recovery after stroke. Phosphodiesterases (PDEs) are the enzymes that 
degrade the intracellular second messengers, cAMP and/or cGMP. Accumulating preclinical 
evidence suggests that PDE inhibitors promote learning and memory and attenuate disease 
progression in several neurologic illnesses. Among the PDE families, PDE10A is unique in its 
restriction to the basal ganglia/striatum, a common site of human stroke. The use of a PDE10A 
inhibitor has not been examined in recovery after stroke. Our goal was to test if a PDE10A 
inhibitor developed with demonstrated effect on brain function leads to improved motor 
recovery. We hypothesized that a PDE10A inhibitor would promote recovery in striatal but not 
cortical stroke. Using a murine model of striatal and cortical ischemic stroke, mice were given 
once-daily intraperitoneal injections of a novel PDE10A inhibitor TAK-063 for 9 weeks starting 
day 5 post stroke. Behavioral testing was evaluated during the course of drug treatment. After the 
9-week drug regimen, the neuroanatomical tracer, biotinylated dextran amine, was microinjected 
into the motor cortex, and the motor cortical connections were mapped. Brains were also 
analyzed for relative degrees of gliosis and angiogenesis. In a parallel study, brains were 
harvested for measurement of brain-derived neurotrophic factor (BDNF), which is downstream 
of the cAMP signaling cascade. After treatment with 3 mg/kg of TAK-063, improvement in 
forelimb motor function and gait compared with stroke-only controls was exclusive to the striatal 
stroke model. No difference in behavior was observed in the cortical stroke model. Daily 
treatment with TAK-063 led to a significant increase in BDNF in the striatum when compared 
with stroke-only mice, normalizing BDNF levels to that seen in non-stroke mice. Differences in 
motor system connections (axonal sprouting) and gliosis and angiogenesis were not observed in 
either stroke model with TAK-063 treatment. Our findings demonstrate that treatment with 
TAK-063 has a differential effect on stroke recovery depending on stroke location, and studies 
are needed to examine potential therapeutic effects for striatial stroke in humans. 
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Abstract: Traumatic Brain Injury (TBI) is an increasingly common event affecting 1.7 million 
people annually in the USA alone. TBI is a significant cause of death and disability in the 
developed world, particularly among young adults. At present, no effective pharmaceutical 
therapies for TBI are available. Mild TBI (mTBI) is a common neurological event, which 
accounts for some 80% to 90% of TBI cases. Victims of mTBI frequently manifest cognitive, 
behavioral and emotional difficulties that can be long lasting. Previous experiments in our 
laboratory have shown that mTBI may lead to short and long-term cognitive and behavioral 
deficits as well as apoptotic processes in the brains of mice. The incretins glucagon-like peptide-
1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) are gastrointestinal hormones 
that induce glucose-dependent insulin secretion, promote β-cell proliferation and enhance 
resistance to apoptosis. GLP-1 mimetics are on the market as treatments for type II diabetes and 
are well tolerated. Both GLP-1 and GIP mimetics have shown neuroprotective properties in 
animal models of Parkinson's and Alzheimer's disease. Twincretin is a unimolecular, dual action 
co-agonist with balanced activity at both the GLP-1 and GIP receptors with optimized 
pharmacokinetics. In this study, we exposed male ICR mice to mTBI using a weight drop 
concussive head trauma device and administered twincretin in a 7-day regimen of subcutaneous 
injections starting 30 minutes after the injury. Subsequently, we investigated the effects of 
twincretin on the cognitive impairments and neuronal degeneration following mTBI. Twincretin 
ameliorated mTBI-induced visual and spatial memory deficits as measured in the novel object 
recognition paradigm and the Y-maze paradigm, respectively. These effects were observed at 
both 7 and 30 days post-mTBI. Using the elevated plus maze we assessed the anxiety-like 
behavior and well-being of the mice. There were no differences between the groups at both 7 and 
30 days following mTBI. These findings show that the results of the novel object recognition and 



Y-maze paradigms are not confounded by different levels of anxiety among experimental 
groups. In addition, neuronal loss was quantified immunohistochemically at 72 hours post-injury 
by the use of fluoro-Jade B and NeuN within the dentate gyrus on both sides of the brain. 
Twincretin demonstrated significant mitigation of mTBI induced neuronal degeneration in the 
dentate gyrus. These findings may offer a new potential therapeutic agent to treat the deficits 
caused by mTBI. Further studies will continue to investigate the neuroprotective effects and 
mechanism of action of twincretin. 
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Abstract: When given early, tissue plasminogen activator (tPA) increases functional recovery 
following acute stroke by clot lysis and vascular recanalization. However, to achieve efficacy, 
there is a narrow therapeutic time window in which tPA must be administered. In addition, not 
all patients respond to tPA, which suggests the need for antithrombotics for the treatment of 
acute stroke with mechanisms other than that of tPA. Numerous promising treatments that 
showed significant efficacy in preclinical animal models of acute ischemic stroke have failed 
clinical trials. A potential limitation of current preclinical studies is the utilization of rodents as 
the model species. Nonhuman primates are phylogenetically closer to humans than rodents, 
which could narrow the current translational shortfall between preclinical and clinical findings. 
Thus, the goal of the current study was to uncover a possible beneficial effect of a combination 
of argatroban, a thrombin inhibitor, with tPA in a nonhuman primate model of thromboembolic 
ischemia. A thromboembolic stroke was induced in cynomolgus macaques by injection of blood 



clots into the internal carotid artery. One hour following the induction of ischemia, either tPA 
(0.9 mg/kg) or vehicle was intravenously infused for 1 hour. After completion of tPA infusion, 
either argatroban (0.6 mg/kg) or vehicle was intravenously infused for 22 hours. Middle cerebral 
artery blood flow was monitored for 6 hours after ischemia. In addition, brain infarct volume 
(TTC staining) and functional assessment (Neurological Deficit Score; NDS) were determined 
24 hrs after ischemia. Tissue plasminogen activator significantly decreased occlusion time, brain 
infarct volume and NDS compared to vehicle treatment. Preliminary findings suggest that 
macaques treated with the combination of argatroban and tPA showed decreased occlusion time, 
similar brain infarct volume and similar NDS compared to tPA alone-treated macaques. The 
current study in a nonhuman primate model suggests that the addition of argatroban could 
enhance recanalization rates, but does not further enhance tissue or functional recovery from a 
thromboembolic stroke compared to tPA treatment alone. Additional macaques will be tested to 
confirm the current findings. 
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Abstract: Traumatic Brain Injury (TBI) is a major cause of death and disability worldwide. The 
mechanism of injury varies and includes motor vehicle accidents, falls, sport injuries, and 
gunshot wounds, etc. Among the different types of TBI, penetrating traumatic brain injuries 
produce the worst outcomes and highest mortality rates. TBI induces neurodegeneration and 
axonal damage, and the calcium-dependent protease, calpain has been shown to be involved in 
these events. However, while calpain inhibitors have been tested in several animal models of 
TBI, there has not been any clinical trial testing the efficacy of calpain inhibitors in human TBI. 
One important reason for this, could be the lack of knowledge regarding the differential 
functions of the two major calpain isoforms in the brain, calpain-1 and calpain-2 (aka µ- and m-
calpain). In this study, we used the controlled cortical impact (CCI) model in mice to test the 
specific functions of calpain-1 and calpain-2 in TBI-induced neurodegeneration. 
Immunohistochemistry with calpain activity markers performed at different time points after CCI 
in wild-type and calpain-1 KO mice showed that calpain-1 and calpain-2 were sequentially 
activated around the impact site. While calpain-1 was activated within 0-8 h after CCI, calpain-2 
activation was not significant until about 8 h after CCI, peaked at 24 h and was still present at 72 
h after CCI. TUNEL and Fluoro-Jade C staining showed enhanced neurodegeneration around 
impact site in calpain-1 KO mice after CCI, as compared to WT mice, suggesting that calpain-1 
is neuroprotective. Systemic injection of a calpain-2 selective inhibitor, NA101, at 1 h or 4 h 
after CCI significantly reduced calpain-2 activity and neurodegeneration around the impact site, 
and reduced the contusion volume. Our data indicate that calpain-1 activity is neuroprotective 
while calpain-2 activity is neurodegenerative after TBI and that a selective calpain-2 inhibitor 
can reduce TBI-induced neurodegeneration. 
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Abstract: Traumatic brain injury (TBI) is often accompanied by intracerebral and 
intraventricular hemorrhage. We have previously demonstrated that moderate TBI produced by 
lateral fluid percussion injury (LFPI) produces bleeding into the cerebrospinal fluid (CSF) in the 
ventricles, which activates Src family kinases (SFKs)1. In the current study we explored whether 
inhibition of SFKs could attenuate TBI-associated brain injury and behavioral deficits. Since 
several SFK subtypes including Fyn and Src have been reported in brain2-4, we targeted these 
SFK subtypes using a newly developed in vivo nanoparticle-based siRNA transfection system to 
inhibit the specific SFK subtypes. One day after injections of nanoparticle-siRNAs (100µg, 
i.c.v.) for SFK family members Fyn and c-Src into the left lateral cerebral ventricle, Fyn and c-
Src mRNAs decreased in rat hippocampus by 22% and 43%, respectively. As compared to 
vehicle treated TBI controls, the combined si-Fyn and si-c-Src decreased brain water content 
from 82.7% to 80.64% in ipsilateral cortex, and decreased sodium fluorescence concentration in 
brain homogenates from 2.4 to 1.5µg/ml (p<0.05) in the ipsilateral cortex at 24 hours after TBI. 
Additional studies are currently underway examining the effects of combined treatment with si-
Fyn and si-c-Src on cognitive function assessed at 12 through 16 days after TBI using the Morris 
Water Maze, and on survival of hippocampal neurons (NeuN+ cells) at 16 days after TBI. These 
data suggest that combined inhibition of Fyn and c-Src has the potential to improve outcomes 
following TBI. SFK inhibitors have been well tolerated in cancer patients in clinical trials and 
the FDA has approved the nanoparticle-based siRNA approach. We propose that combined 
inhibition of specific SFK subtypes Fyn and c-Src by nanoparticle-based siRNA might improve 
outcomes of patients with TBI. Acknowledgements: This study was supported by NIH grants 
R01NS089901 (DZL) and NS054652 (FRS). There were no conflicts of interest. 
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Abstract: The respective importance of PGD2 and its receptor DP1 in the vasculature, the blood, 
and the brain warrants additional examination of their role in intracerebral hemorrhage (ICH) 
under hyperglycemic condition. In this study, we first tested the role of hyperglycemia on ICH, 
and, then, tested the therapeutic potential of DP1 receptor inhibition on functional and 
anatomical outcomes following ICH in hyperglycemic mice. Wildtype (WT) and DP1-/- 
C57BL/6 mice were given 2g/kg glucose and then blood glucose and C-peptide levels were 
monitored up to 3h after the injection. In the second cohort, WT and DP1-/- mice were subjected 
to hyperglycemia and ICH was induced at 1h after glucose injection by giving a single 
intrastriatal injection of collagenase to induce ICH. In the third cohort, WT mice were subjected 
to hyperglycemia and ICH, as described above, followed by treatment with saline or the DP1 
receptor antagonist Laropiprant at 1h after ICH induction. Neurologic deficits, brain injury 
volume, and edema volume were determined at 72h. Furthermore, brain sections from these 
groups were subjected to Perls’ staining and Iba1 and GFAP immunoreactivity to determine the 
effect of Laropiprant on the modulation of iron levels and gliosis. Acute injection of glucose led 
to a significant increase in the glucose level in WT and DP1-/- mice. DP1-/- mice exhibited 
faster clearance of glucose overload compared with the WT mice. Also, WT mice treated with 
Laropiprant also exhibited faster clearance of glucose. Similar patterns were observed in C-
peptide levels of these groups. The injury volume in DP1-/- compared with WT was significantly 
lower (8.3±1.8 vs 19.3±5.6mm3; p<0.01). Moreover, WT mice treated with Laropiprant also 
exhibited significantly lower brain lesion volume (9.1±3.2 vs 19.3±5.6mm3; p<0.01). 
Interestingly, a significant decrease in Iba1 immunoreactivity and Perls’-labelled iron content 
was observed in hyperglycemic DP1-/- compared with the hyperglycemic WT mice. Together, 
the data suggest that blockade of the DP1 receptor improves glucose tolerance/clearance and 
ameliorate functional and anatomical outcomes following ICH in hyperglycemic condition. 
Ongoing studies are underway to further investigate optimal therapeutic conditions and 
mechanisms of action. 
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Abstract: Stroke is one of the most common causes of adult disability and death and is 
pathologically associated with oxidative stress, protein damage, and neuronal loss. We 
previously reported that overexpression of a ubiquitin-like protein, ubiquilin-1 (Ubqln), protects 
neurons against oxidative stress and ischemia-caused brain injury, while knockout of the gene 
exacerbates cerebral ischemia-caused neuronal damage and delays functional recovery. Although 
these observations indicate that Ubqln is a therapeutic target, transgenic manipulation-caused 
overexpression of Ubqln occurs before the event of ischemic stroke, and it remains unknown 
whether delayed Ubqln overexpression in post-ischemic brains within a clinically relevant time 
frame is still beneficial. To address this question, we generated lentiviruses either overexpressing 
mouse Ubqln or mouse Ubqln-shRNAs. Adult mice were subjected to middle cerebral artery 
occlusion (MCAO) for 90 minutes and then reperfused for 6 hours before intracerebral injection 
of the lentiviruses was performed. Mouse motor and sensory behaviors were evaluated at day 1, 
3, 5 and 7 days following the ischemia/reperfusion. Our data indicate that post-ischemic 
overexpression of Ubqln significantly reduces neuronal injury and promotes functional recovery. 
In contrast, downregulation of Ubqln expression delays functional recovery and increases 
neuronal injury. To further understand the mechanisms underlying how Ubqln functions, we also 
isolated protein aggregates from the ischemia/reperfusion insulted mouse brains and found that 
Ubqln was present in the aggregates. These observations suggest that Ubqln may be a useful 
candidate for therapeutic intervention for stroke. 
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Abstract: Impact-accelerated forces to the head causes rapid stretching of the axons through out 
the brain termed traumatic axonal injury (TAI). Long myelinated axons within white matter 
tracts are especially vulnerable to the injury and accordingly, chronic myelin loss is a common 
occurrence after such traumatic brain injury (TBI). While axon pathology associated with TBI 
has been well elucidated, the molecular efficacy of mechanical force on myelin and 
oligodendrocyte is not fully understood. Using an in vitro TAI model, we investigated the effects 
of stretch injury on differentiated oligodendrocytes. Differentiated oligodendrocyte cultures were 
established on deformable silicone membrane, which was then stretched using computer-
controlled air pressure. Within 24 hours after injury, oligodendrocytes at the site of injury lost 
membrane arborization and MBP expression or exhibited aberrant MBP accumulation. Cell 
death was not observed indicating that the injury response was induced in viable 
oligodendrocytes. Stretch injury also induced calcium-dependent Erk1/2 activation in 
differentiated oligodendrocytes. In vivo, experimental TBI on rat induced Erk1/2 activation in 
white matter oligodendrocytes within 4 hours after injury, suggesting that Erk1/2 may play a role 
in mediating the oligodendrocyte response to TBI. To directly assess the impact of Erk1/2 
activation on myelin, we generated oligodendrocytes harboring a constitutive active mutant of 
MKK1 (CA-MKK1), which expression is induced by doxycycline. The CA-MKK1 
oligodendrocytes were co-cultured with neurons and allowed to generate myelin, after which 
Erk1/2 was activated in oligodendrocytes with myelin by doxycycline. Erk1/2 activation resulted 
in myelin degeneration in viable oligodendrocytes and down regulation of myelin protein 
expression. In differentiated oligodendrocyte cultures, Erk1/2 activation induced loss of the 
differentiated phenotype, which was followed by the oligodendrocyte re-entry into the cell cycle. 
Altogether, our results suggest a role of Erk1/2 in mediating oligodendrocyte response and 
myelin loss following mechanical injury. 
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Abstract: The novel neuroprotectant SP-8203 (Shin PoongPharm. Co. Ltd, South Korea) 
extends the therapeutic time window of tPA in embolic stroke rats by reducing the adverse 
effects caused by delayed tPA treatment. SP-8203 has successfully completed a Phase 1 clinical 
trial and is undergoing a Phase 2a clinical trial in ischemic stroke patients. The preclinical and 
clinical toxicity/safety profiles of SP-8203 are reported here. General toxicity tests in Sprague 
Dawley rats and Cynomolgus monkeys were performed by MPI Research (USA), Toxikon 
(USA) and Phase 1 clinical trial by Asan Medical center (Korea). The NOAEL of 4 week 
repeated dose of SP-8203 was 40 mg/kg/day in rats and 12 mg/kg/day in monkeys. There was no 
specific safety concerns noted in the preclinical program. A Phase I, single-center, randomized, 
double-blind, placebo-controlled study to assess the safety, tolerability, and pharmacokinetic of 
single ascending doses (SAD) and multiple ascending doses (MAD) of SP-8203 was conducted 
in healthy subjects. For the SAD assessment (n=48), cohorts of 8 subjects were randomly 
assigned to receive a single dose of either SP-8203 (n=6) or placebo (n=2). The doses were from 
10 mg with incremental escalation up to 240 mg. For the MAD assessment (n=24), cohorts of 8 
subjects were randomly assigned to receive one dose of either SP-8203 (n=6) or placebo (n=2) 
daily for 7 consecutive days, and the doses of SP-8203 were 30 mg, 60 mg, and 120 mg. Mild 
adverse events (AEs) occurred in 4 out of 48 subjects (8.3%) and no serious adverse events 
(SAEs) occurred, in the SAD assessment. Additionally, AEs were observed in 7 (29.1%) out of 
24 subjects in the MAD again with no SAE, demonstrating the safety and tolerability of SP-
8203.The pharmacokinetics of SP-8203 has been described in healthy subjects where no 
accumulation of SP-8203 was demonstrated with repeated dosing. SP-8203 was metabolically 
most stable in human. Taken together, the series of toxicity/safety assessments showed that SP-
8203 is safe and well tolerated at the doses which will be used in the study of SP-8203 treatment 



for the cerebral ischemic stroke in man. A Phase 2a proof-of-concept study is underway to 
evaluate the safety and exploratory efficacy of SP-8203 in combination with tPA in patients with 
acute ischemic stroke. (HYS and W-KK equally contributed) 
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Abstract: Activation of acid sensing ion channels (ASICs) during cerebral ischemia has been 
implicated in stroke induced brain damage. Estrogen is known to be neuroprotective against 
many neurological disorders and stroke. We hypothesise the involvement of ASICs in the 
estrogen mediated neuroprotection against stroke. We found that while ASIC1a exacerbates 
ischemic cell damage, ASIC2a subtype is neuroprotective. Increase of ASIC2a expression 
possibly increases the population of ASIC1a and 2a containing heteromeric channels which have 
much lower activation pH than homomeric ASIC1a. Thus, shifting of pH50 to lower values 
renders the channel ineffective at the moderate drop of extracellular pH during ischemia. We 
detected an up-regulation of ASIC2a levels in female mice with intact ovaries following 
experimental stroke, whereas the levels of ASIC1a went down. This pattern however was not 
seen in male and ovariectomised mice. Estrogen supplementation in ovariectomised mice 
reinstated the ASIC2a levels and decreased ASIC1a. This substantiates our hypothesis that 
estrogen exhibits neuroprotective properties by regulating ASICs. 
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Abstract: We have previously demonstrated that striatal deep brain stimulation (DBS) can 
enhance functional recovery of mice in a sub-acute phase of traumatic brain injury. We found 
that brain injured mice, receiving precisely timed stimulation at the reinforcement period of the 
task, performed significantly better then sham mice on a spatial memory task after 2 days and 
also reached the same performance level of uninjured mice after 6 days. With the observation of 
changes in performance occurring on a relatively fast time-scale, we evaluated dynamic neural 
mechanisms with a short time-constant. Converging evidence suggests that spatial memorization 
during the reinforcement period relies on early activation of synaptic receptors, which induces 
structural modifications in pre- and post-synaptic neurons that alters synaptic function. 
Accordingly, immunohistochemical analysis from our study revealed that stimulated mice had 
upregulated levels of synapsin-1 and GAP43. The promotion of these proteins with striatal 
stimulation could therefore be enhancing signal propagation through the striatum and 
hippocampus, leading to enhanced spatial memory function. In line with this, we utilized 
molecular biology techniques across multiple control groups to further assess modification of 
synaptic proteins from punch outs of the striatum, prefrontal cortex, and hippocampus, 
elucidating if DBS in the striatum is important to altering synaptic plasticity across multiple loci. 
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Abstract: Transcranial direct current stimulation (tDCS) is a safe and non-invasive brain 
stimulation technique with the potential to improve upper limb function after stroke. Based on 
the interhemispheric competition model, ipsilesional primary motor cortex (M1) excitability can 
be increased with anodal tDCS, contralesional M1 excitability can be decreased with cathodal 
tDCS or both can be used simultaneously (bihemispheric). The impact of these different 
electrode arrangements on the efficacy of tDCS, and whether changes are due to callosal 
connections between cortices, is unclear. This study therefore aimed to investigate the effect of 
tDCS electrode arrangement on within-session change in upper limb function in chronic stroke 
survivors and change in transcallosal inhibition (TCI). 24 stroke survivors (range 3 - 124 months 
post-stroke, 34 - 81 years of age) with persistent upper limb impairment received 20 minutes of 1 
mA tDCS while performing a motor sequence learning task. This involved reaching movements 
with the paretic arm to targets on a monitor in a repeated order. Four tDCS conditions were 
studied in a crossover design; i) anodal to the ipsilesional M1, ii) cathodal to the contralesional 
M1, iii) bihemispheric and iv) sham. Upper limb function was assessed before and after tDCS, 
using the Jebsen-Taylor hand function test (JTT). Changes in TCI were assessed as the duration 
of the ipsilateral silent period, using transcranial magnetic stimulation. Performance of the motor 
sequence learning task was unaffected by tDCS. There was a significant effect of tDCS condition 
on upper limb function as unilateral tDCS (anodal or cathodal) improved JTT time compared to 
sham (p < 0.05), but bihemispheric did not (Fig. 1). There was no effect on TCI (p > 0.5), and no 
relationship between changes in TCI and upper limb function. This indicates that unilateral, but 
not bihemispheric, tDCS improves upper limb function but that the response to tDCS does not 



appear to be driven by changes in TCI. These results have implications for the use of tDCS 
during upper limb rehabilitation after stroke. 
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Abstract: Background: Repetitive transcranial magnetic stimulation (rTMS) coupled with motor 
training may improve post-stroke motor recovery. The influence of rTMS on ipsilesional 
corticospinal excitability is usually assessed using ipsilesional motor evoked potentials 



(IpMEPs). However, nearly 40% of individuals with stroke do not have an elicitable IpMEP and 
are excluded from study samples. Thus, the efficacy of rTMS in this population is unknown. This 
study explores the influence of primed rTMS in a single subject with no baseline IpMEP 
amplitude ≥50 µV through the use of functional magnetic resonance imaging, transcranial 
magnetic stimulation and motor function tests. Methods: The human subject (45 year old male, 
six years post left pontine stroke) received two randomly applied interventions in a cross-over 
design with a one-month washout. Active rTMS+training included active 6-Hz priming of active 
1-Hz principle rTMS followed by one hour of paretic finger tracking training. Sham 
rTMS+training included sham 6-Hz priming of sham 1-Hz principle rTMS to the contralesional 
primary motor area (M1) followed by one hour of paretic finger tracking training. Outcome 
measures were M1 and primary sensory area (S1) laterality indices, the probability of eliciting an 
IpMEP following single pulse and interhemispheric inhibition protocols, box-and-block score 
and finger tracking score. Due to the single-subject nature of this study, visual analyses were 
used for all outcomes. Results: Following active rTMS+training, the M1 laterality index moved 
closer to zero, reflecting a trend toward decreasing activation of contralesional M1. The S1 
laterality index shifted from positive to negative during non-paretic finger tracking. Box-and-
block and finger tracking scores did not change. Following sham rTMS+training, the M1 
laterality index shifted from negative to positive, reflecting greater cortical activation of 
ipsilesional M1. The S1 laterality index, box-and-block and finger tracking scores did not 
change. For both interventions, the probability of eliciting an IpMEP decreased. Conclusions: 
Neural activation changed its laterization from contralesional to ipsilesional M1 following five 
days of paretic finger tracking without adjunctive rTMS (i.e. with sham rTMS). However, there 
was no accompanying functional improvement, possibly because of the short training time. 
Including active rTMS as an adjunct to motor training did not improve motor function or 
likelihood of eliciting an IpMEP. We conclude that there was no benefit of coupling 
contralesional rTMS with motor training in this single subject with no elicitable IpMEP ≥50 µV. 
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Title: Deep brain stimulation of the entorhinal cortex rescues memory in a rat model of global 
ischemia 
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Abstract: Deep brain stimulation (DBS) is a well-established therapeutic modality for the 
treatment of movement disorders. Stroke is among the most frequent cause of disability in adults 
worldwide and often results in long-term neurological deficits in various functions including 
memory. Recently, the potential beneficial effects of DBS have been reported for memory 
enhancement in rodents and humans. Despite these promising results, DBS has not yet been 
tested for its ability to improve memory impairments following global ischemia. Using 
stimulation parameters analogous to clinical high-frequency DBS, we hypothesized that 
stimulating the neural circuits that underlie learning and memory might improve memory 
impairments observed in a rat model of global ischemia (GI). Two weeks after the GI induction, 
rats were bilaterally implanted with electrodes in the entorhinal cortex (EC) and underwent high 
frequency stimulation for 1 hour. Six weeks after DBS treatment, rats were assessed for changes 
in locomotor activity in the Open Field and learning and memory using the Morris water maze 
(MWM). Four different groups were studied: sham-stroke animals with DBS off (CTL-CTL), 
sham-stroke animals that received DBS (CTL-DBS), GI rats with DBS off (GI-CTL) and GI rats 
that received DBS treatment (GI-DBS). No differences were observed in the Open Field, 
suggesting that GI and DBS did not affect locomotion. GI led to a dramatic loss of neurons in the 
CA1 subregion of the hippocampus, which are known to be essential for spatial learning and 
memory. GI-CTL rats exhibited memory impairments when tested in the Morris Water Maze. 
However, when treated with DBS, GI rats crossed the platform area significantly more and spent 
more time in the quadrant area than GI-CTL rats, suggesting that the memory impairment caused 
by GI was improved with DBS treatment. Moreover, there was no difference between GI-DBS 
and CTL-CTL or CTL-DBS groups during the probe test, indicating that DBS of the EC can 
rescue some memory deficits induced by global ischemia. These results indicate that DBS may 
be a potential new approach to treat patients suffering from stroke. 
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Title: Revisiting interhemispheric imbalance in chronic stroke: a tDCS study 
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Abstract: At the chronic stage of stroke patients with moderate-severe upper limb (UL) 
impairment rely on descending commands from the contralesional motor cortex (M1) for 
controlling both ULs. Although this may seem maladaptive, recent studies have shown that 
down-regulation of contralesional M1 excitability produces neurophysiological or behavioral 
deficits. We examined whether anodal transcranial direct current stimulation (a-tDCS) would 
increase contralesional M1 excitability and improve paretic UL coordination in a circle drawing 
task. We also explored associations between behavioural change scores and potential biomarkers 
derived from clinical, neurophysiological and neuroimaging variables. Patients were clinically 
assessed on measures of UL impairment, function and spasticity, then received a-tDCS, cathodal 
(c-tDCS) or sham stimulation in randomised order across separate sessions. The target electrode 
was positioned over contralesional M1 (1 mA, 20 cm2, 15 min). Contralateral and ipsilateral 
corticomotor pathway excitability was examined using transcranial magnetic stimulation and 
motor evoked potentials (MEP). Fractional anisotropy within the posterior limbs of the internal 
capsules, and basal gamma-amino butyric acid (GABA) concentration in each M1, were assessed 
with magnetic resonance imaging (30 diffusion directions, b=2000) and spectroscopy (MEGA-
PRESS) respectively at 3T. For the group, chronicity was 113 (14-192) months, impairment on 
the UL Fugl-Meyer scale was 27 (9-58, max 66), Action Research Arm Test scores were 21 (0-
57, max 57) and spasticity on the Modified Ashworth Scale ranged from 1-3. Both contralateral 
(P = 0.017) and ipsilateral (P = 0.092) MEPs were facilitated after a-tDCS, and accompanied by 
a trend toward improved circle drawing (aspect ratio, AR) with the paretic UL (P = 0.085). The 
effect of a-tDCS on AR was associated with chronicity (R = 0.88, P = 0.002) and spasticity (R = 
0.70, P = 0.036) such that those with greater chronicity and spasticity achieved the most benefit 
from contralesional a-tDCS. The effect of c-tDCS on AR was associated with baseline motor 
performance (R = 0.80, P = 0.01) and GABA:Cr ratio within ipsilesional M1 (R = 0.75, P < 
0.013). Contralesional c-tDCS did not suppress corticomotor excitability (P > 0.24) or influence 



AR (all P > 0.80). These findings indicate that further increasing contralesional excitability may 
benefit some patients. This study identifies potential biomarkers that may be useful for 
identifying patients who are suitable for contralesional tDCS. 
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Title: The contribution of intact hemisphere dorsal premotor cortex to paretic arm motor 
performance after severe stroke 
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Abstract: Stroke affects almost one million Americans every year and many are left with long-
term effects. One such effect is chronic post-stroke arm impairment, which can drastically affect 
independence in activities of daily living and quality of life. Existing treatments are of limited 
efficacy, particularly for patients with relatively severe post-stroke arm impairment. We 
examined how transcranial magnetic stimulation (TMS) perturbation of several sites within the 
intact hemisphere [dorsal premotor cortex (PMd), primary motor cortex (M1), and dorsolateral 
prefrontal cortex (DLPFC)] during a reaching task affected reaching performance. Chronic 
stroke patients who had not recovered active wrist or finger extension in the affected arm, but 



had partial shoulder/elbow movement, participated in the study (n=15). Patients were instructed 
to, upon seeing a visual ‘Go’ signal, reach forward as quickly as possible with the affected arm 
to contact a target placed at approximately waist height and oriented in the horizontal plane. 
TMS (double-pulse; ISI 25 ms; 120% of resting motor threshold for unaffected biceps) was 
delivered over M1, PMd, or DLPFC of the intact (i.e. ipsilateral) hemisphere during the reaction 
time period between the ‘Go’ signal and the onset of movement. Analysis of hand-path 
kinematics in trials with vs. without TMS perturbation revealed that perturbation of PMd resulted 
in a significantly greater reduction in speed of reaching (movement time) than occurred with 
perturbation of M1 or DLPFC (p<0.05). Analysis of hand path parameters showed that 
stimulation of PMd, but not M1, resulted in a longer overall trajectory of movement (p<0.05), a 
greater decrease in the smoothness of the movement (p<0.05), and a larger increase in endpoint 
error (p=0.05). Taken together, these results suggest that PMd of the intact hemisphere can 
contribute to the speed and trajectory of affected arm reaching movements in patients with severe 
arm impairment. 
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Title: High-frequency rTMS improves functional recovery and promotes neurogenesis through 
BDNF signaling pathways in a rat model of ischemic stroke 

Authors: J. LUO1, L.-Y. ZHANG1, Z. PEI2, *H. LIANG3, W.-J. GAO3, F. LI4, X.-Q. HU1;  
1Dept. of Rehabil. Med., the Third Affiliated Hospital, Sun Yat-sen University, Guangzhou, 
China, Guangzhou, China; 2Dept. of Neurol., the First Affiliated Hospital, Sun Yat-Sen 
University, Guangzhou, China, Guangzhou, China; 3Drexel Univ., Philadelphia, PA; 4Dept. of 
Neurobio. and Anat., Zhongshan Col. of Medicine, Sun Yat-Sen University, Guangzhou, China, 
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Abstract: Objective: This study was performed to investigate whether high-frequency rTMS can 
improve functional recovery or promote neurogenesis, and to examine the role of BDNF-TrkB 
pathways in high-frequency rTMS-induced effects in a rat model of middle cerebral artery 
occlusion (MCAO). 
Methods: A total of 56 adult Wistar rats with MCAO operation were randomly divided into four 
groups: 20Hz group (n=16), iTBS group (n=16), control group (Sham stimulation group, n=16) 
and sham-operated group (n=8, filament was not inserted into the artery). The rats were 
sacrificed 7 or 14 days after evaluating the neurological function. In addition, neurogenesis 
around the peri-infarction region was examined with immunecytochemical stainings of several 
specific markers, including Ki67,Nestin,DCX,CD31 and NeuN. Some brain tissues were also 
used to detect protein levels of BDNF and TrKB with Western blots. 
Results: The results showed that 20Hz rTMS and iTBS significantly improved neurological 
function (p<0.05) and reduced infarct volume (p<0.05). Moreover, both treatments promoted 
neurogenesis as evidenced by the increased Ki67/Nestin-positive and Ki67/DCX-positive cells in 
ischemic hemisphere. These beneficial effects were in conjunction with significant elevated 
BDNF and TrkB protein levels. 
Conclusions: High-frequency rTMS improves functional recovery and promotes neurogenesis 
possibly through BDNF signaling pathways in ischemic rats. 
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Abstract: Deep brain stimulation (DBS) of the lateral cerebellar nucleus (LCN) has been shown 
to improve motor recovery after ischemic stroke in preclinical models when stimulation is 
delivered chronically, independent of motor behavior, during the animal’s active period. We 
hypothesize that efficacy may be improved further by pairing stimulus delivery to specific 
epochs in relation to a rehabilitative motor task. The goal of the present study was to develop a 
task that would enable activity dependent stimulation in a rodent model. Long-Evans rats were 
trained on a modified version of the isometric pull task. Rats were trained to wait in front of a 
slot with the forepaw resting on a capacitive plate before reaching through the slot to grasp and 
pull a stationary handle. In the first stage of training, with the handle retracted fully out of reach, 
rats were trained to activate the capacitive plate for progressively longer periods of time prior to 
receiving a reward. Next, the handle was introduced inside the cage and the rats received a 
reward only after activating the capacitive plate for a sufficient period of time before interacting 
with the handle. In subsequent stages, the handle was retracted step-wise out of the cage to its 
final position and the force threshold required to receive a reward was adaptively increased. 
Once trained to a pre-specified criterion, rats underwent stroke induction via endothelin-1 
injection in the primary motor cortex and electrode implantation in the contralesional LCN. 
Animals were assigned to receive no stimulation, continuous stimulation, or activity-dependent 
stimulation (initiated when the rat lifted its forepaw from the capacitive plate and terminated 
upon handle release). Assessments were performed over a period of four weeks. Sixteen rats 
were trained on the task. Training to criterion required 37.75±1.2 days (Mean ± SEM). The first 
stage of training on the capacitor lasted 21±2 days. After introducing the handle, the time 
required to reach criterion for stroke induction was 16.75±0.5 days. Four animals were excluded 
and did not undergo stroke induction; 2 for failure to meet criterion, and 2 for interacting with 
the capacitor with the nose, rather than the forepaw. Following a two week post-stroke recovery 
period, animals successfully resumed execution of the task. Rats were successfully trained on a 
multi-step behavioral task that enabled delivery of activity-dependent stimulation. Ongoing 
studies are aimed to determine if DBS applied only during a critical period of reaching behavior 
is capable of improving post-stroke motor impairment. 
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Title: A method for the quantification and visualization of stroke volume lesion using MRI 
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Abstract: Determination of stroke volume is an important parameter to be taken into 
consideration while evaluating behavioral performance during ongoing experiments, such as 
those in rodent models. The methods we describe below would allow for the quantification and 
visualization of an ischemic lesion using only free, open source software. Ischemic stroke was 
induced in a Long-Evans rat by the injection of endothelin-1 in the vicinity of the middle 
cerebral artery. Several days after stroke induction the subject died, at which time the brain was 
extracted and preserved in 4% paraformaldehyde. Following preservation, the brain was imaged 
with the Bruker Biospec 70/20 7T MRI system using the mouse brain array coupled with the 
standard 86 mm coil (Bruker Corp). Axial, three-dimensional T2 Turbo RARE images were 
acquired using the following parameters: TE = 40 ms, TR = 1800 ms, SA=1; Image size = 
150x150x150 and resolution = 0.173x0.173x0.173 mm. Following image acquisition, stroke 
volume was calculated using ImageJ (NIH). The image was first aligned within the standard 
viewing planes and resized. Next, the stroked hemisphere of the brain was reflected across the 
midsagittal plane. Using the image calculation tool, the two hemispheres were overlaid by 
subtracting the stroked hemisphere from the healthy hemisphere. Outside of the lesion, this 
resulted in a null image due to the subtraction of voxels of similar intensity. In the ischemic 
lesion, however, significant atrophy had taken place resulting in a low intensity signal which did 
not appreciably change the intensity of the corresponding healthy hemisphere following image 
subtraction. As a result, in the image resulting from the subtraction of the healthy and stroked 
hemispheres, the remaining signal corresponded to the stroke lesion volume. The resulting stroke 
volume image was then saved in the Analyze file type. Volview 3.4 (Kitware Inc, Clifton Park, 
NY) was then used to visualize the resulting stroke volume. The original T2 Turbo RARE image 
was first loaded. Next, using the “Merge Volumes” utility, the stroke volume was merged with 
the original image. False coloring of the stroke volume then allowed for visualization of the 



stroke volume in both 2D and 3D. Further refinement of the stroke volume measurement is 
underway with the implementation of (a) slice-by-slice co-registration, (b) acquisition of higher 
resolution data sets (or images), and (3) evaluation of alternate MRI sequences (e.g. 
T1_FLASH_3D). 
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Abstract: The availability of sensitive and meaningful tools to measure functional recovery after 
neurological disease is critical to the success of preclinical neurorehabilitation models. The pasta 
matrix task is a commonly utilized task that our lab has used to measure the rehabilitative effect 
of deep brain stimulation of the lateral cerebellar nucleus after stroke. Here, we describe a 
complementary task to the pasta matrix that was designed to require a similar motor pattern, 
while presenting a greater challenge to the animal and compare it to the more established pasta 
matrix task. Rats were trained on both the pasta matrix task and a lab-built pellet tray task. Both 
tasks require the animal to reach through a narrow aperture to grasp and retrieve pasta or pellets 
with the paw contralateral to the presented food. Pasta is presented upright in a grid pattern and 
must be broken to be retrieved, while pellets must be grasped and retrieved without dropping. 
Individual performance in naïve animals was significantly correlated between the tasks. Animals 
then underwent a small, endothelin 1-induced cortical ischemic injury. Following stroke, rats 
showed a significantly greater deficit on the pellet tray task compared to the pasta matrix task 
across the 15 subsequent post-stroke assessment days, and performance on the two tasks was no 
longer correlated. The pellet tray task can be constructed from easily attainable and inexpensive 
components and provides a sensitive supplemental or alternative measure of post-injury motor 
deficit. 
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Abstract: Unilateral spatial neglect (USN), a common neurological syndrome following right 
hemispheric lesions, has become evident as a widespread attention network disorder. We 
previously revealed hyperactivity of the frontal cortex as a neural mechanism underlying the 
compensatory strategy during recovery process after USN. While an optimal level of 
compensatory strategy is necessary to avoid neglect behavior in daily life, excess attention bias 
toward neglected space may lead adverse effects, such as reduced tolerance and suppression of 
the bottom-up attention. The subject of this case study was a 42-year-old man who had suffered 
extensive infarction of the right hemisphere by the obstruction in internal carotid artery 10 
months earlier. In spite of a severe neglect in the daily living, the patient gradually recognize his 
neglect behavior. At the participation of this study, he clearly had excess attention bias toward 
neglected space. In order to optimize an involvement of compensatory strategy, we here 
attempted to apply combined intervention of temporo-frontal transcranial direct current 
stimulation (tDCS) and visual stimuli on PC display. We hypothesized that neuromodularoty 
intervention of tDCS induce elicitation of ventral attention network, and might result a reduction 
of the excess frontal activity. Anodal and cathodal electrodes were placed at right temporal and 



frontal cortex, and the stimulus intensity was set to 2mA. Based on the BAB design (two weeks 
of each phase), the B/A phase consists of visual stimuli real/sham tDCS for 20 minutes in a 
session. In order to evaluate an extent of gaze and it's cortical mechanisms, EEG was recorded 
when the patient performed eye pursuit-based choice reaction task. At the beginning of 
intervention, the patient clearly showed extensive leftward gaze shift which accompanied with 
the increased in theta-band power in the frontal cortex even at rest. Interestingly, degrees of 
leftward gaze shift was improved after neuromodulatory intervention, and these alteration 
accompanied the reduction of frontal theta-band power. The present results imply that task-
dependent and tDCS-induced elicitation of the ventral attention network might activate bottom-
up attention and then effectively work to reduce excess frontal activity. 

Disclosures:  Y. Takamura: None. K. Ikuno: None. S. Fuji: None. S. Ohmatsu: None. S. 
Morioka: None. N. Kawashima: None. 

Poster 

608. Brain Stimulation and Recovery After Stroke 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 608.12/BB11 

Topic: C.08.Stroke 

Title: Analysis of visual search pattern during free viewing of horizontally flipped image: Novel 
approach for the evaluation of visuospatial neglect 

Authors: *S. OHMATSU1,2, Y. TAKAMURA1,2, M. IMANISHI2, M. OSAKA2, T. 
TOMINAGA2, S. MORIOKA1, N. KAWASHIMA3,1;  
1Kio Univ., Nara, Japan; 2Murata hospital, Osaka, Japan; 3Res. Inst. of Natl. Rehabil. Ctr. for 
Persons with Disabilities, Tokorozawa, Japan 

Abstract: Eye tracking has been regarded as one of effective tool for identifying the behavioral 
aspect of unilateral spatial neglect (USN) which is a common neurological syndrome following 
right hemisphere lesion. In the present study, we attempted to develop an intuitive evaluation for 
USN behavior with the analysis of gaze distribution during free viewing of a pair of horizontally 
flipped images. 26 patients with right hemisphere damage participated in this study, and was 
divided into with and without neglect symptom (USN group: n=12, RHD group: n=14) based on 
the score of behavioral inattention test (BIT). The patients were asked to view nine pairs of 
horizontally flipped images represented on eye tracker mounted PC display (Tobii TX60, Tobii 
Inc., Sweden). Since a pair of flipped image has, one hand, similar consisting elements, the other 
hand, the right-left-reversed spatial location of the include item, we tested if the neglect symptom 
affect to a symmetry of the gaze distribution between a pair of image. In order to quantify an 



extent of gaze shift, pixel from left end to right end was normalized as from -1 to 1, and then 
calculated asymmetry index (AI) as the median of eye trajectories of a pair of flipped images for 
the first 0.5 seconds (AIfirst) and later 4.5 seconds (AIsearch). The results clearly revealed that USN 
group showed significantly larger extent of rightward gaze shift (AI tended close to 1) as 
compared to RHD group. Both of AIfirst and AIsearch showed statistically significant correlation 
with BIT score, suggesting that (1) the analysis in free viewing of flipped image effectively 
demonstrate neglect behavior and (2) initial fixation point largely affected to later "biased" visual 
search. Our proposed method would be a simple and effective method for the evaluation of an 
extent of neglect behavior. 
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Abstract: Unilateral spatial neglect (USN) is a common neurological syndrome following 
predominantly right hemisphere damage. While USN is classically regarded as a parietal 
syndrome, it has become evident as a widespread attention network disorder. We here aimed to 
propose a dissociative evaluation between spatial neglect and attention deficit based on the 
characteristics of the spatial distribution of the reaction time. We also focused on the aspect of 
the ventral attention network disruption which cannot be evaluated by paper-based 
neuropsychological test. 144 right-brain-damaged patients participated, and were categorized 
into three subgroups based on the score of the behavioral inattention test (BIT): (1) USN++ 
(n=47) with a BIT score below the cut-off (<131); (2) USN+ (n=59) with a BIT score above the 
cut-off (>131) but with experience of neglect in daily life and/or a previous history of USN; (3) 
RHD (n=38) with a right hemisphere disorder without neglect. Trail marking test A (TMT-A) 



was also evaluated. The subjects were asked to perform a touch panel-based pointing task toward 
circles (7 columns x 5 rows) on a PC monitor, and the reaction time to each object was recorded. 
In order to quantify the spatiotemporal characteristics of the reaction time, the total average of all 
objects (RTmean) and the ratio between right and left side (L/Rratio) were calculated. The result 
demonstrated that RTmean has a strong relevance to TMT-A (r=.56, p<0.01), and L/Rratio has a 
statistically significant correlation with BIT (r=-.31, p<0.01). Since BIT reflect not just neglect 
but attention deficit, there was a strong correlation between BIT and TMT-A (r=-.73). On the 
other hand, L/Rratio showed weak correlation with RTmean (r=.24), suggesting that these two 
parameters distinctly reflect the aspect of neglect and attention deficit, respectively. Interestingly, 
increase of L/Rratio (prolongation of reaction time for left targets) was clearly shown in most of 
patients in USN+ groups, suggesting that our proposed method have potential as a sensitive 
probe to judge subtle neglect that cannot be detected by a paper-based neuropsychological test. 
These results suggest that spatial distribution of reaction time might be a useful tool not only for 
the evaluation of USN, but also for the dissociative evaluation between neglect and attention 
deficit. 
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Abstract: Introduction. Stroke is the leading cause of permanent and long-term disability 
worldwide, and it is crucial to develop strategies to improve rehabilitation. Recent work from our 
lab has found that perilesional low frequency (LF) oscillatory dynamics were abolished after 
stroke and then reinstated after motor rehabilitation. Importantly, a subset of the animals did not 
experience recovery and continued to have persistent deficits. This study aimed to further 
characterize and develop a method to therapeutically modulate LF dynamics in animals with 
poor recovery. Direct current stimulation (DCS) has been used to modulate ongoing neural 
dynamics and excitability. We thus examined the hypothesis that DCS can boost task-related LF 
dynamics and enhance motor function, by testing the effects of brief on-demand DCS delivered 
to the perilesional cortex in animals with poor recovery. 
Method. Long Evans rats were trained on a skilled forelimb reach-to-grasp task. After 
performance stabilized, we induced a focal photothrombotic stroke in the forelimb motor cortex. 
We then implanted microwire arrays in the rostral perilesional cortex, and recorded local field 
potential (LFP) and single unit activity during motor rehabilitation to investigate the associated 
oscillatory dynamics. We assessed the neural effects of DCS by recording neural activity during 
epidural DCS under anesthesia in healthy Long Evans rats. To probe behavioural effects of DCS, 
we induced stroke in a separate group of rats and compared performance with DCS, no 
stimulation, sham and alternating current (AC) stimulation applied during motor execution (i.e. 
after recovery had plateaued). 
Results. Recovery after stroke was associated with an increase in power, inter-trial coherence 
and spike-field coherence (SFC) in the LF band. DCS was effective at modulating LF dynamics, 
increasing LF power and SFC in anesthesized rats. Furthermore, DCS, compared to no, sham and 
AC stimulation, improved task performance in rats with chronic motor deficits after stroke. 
Importantly, these animals had achieved a plateau with low levels of success even after extensive 
practice and DCS increased performance beyond this plateau level. 
Conclusion. Low frequency oscillations are important markers of recovery after stroke, and can 
be targeted to enhance motor function during rehabilitation. We demonstrate here a novel, easily-
translatable stimulation paradigm to modulate ongoing neural dynamics and to improve motor 
performance. 
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Abstract: Upper extremity deficits can profoundly affect independence post stroke. Recovery of 
dexterous hand function has been found to be particularly recalcitrant to intervention, and the 
neurophysiological mechanisms underlying functional improvement remain unclear. Evidence 
from human and animal investigations suggest the first month after stroke is a critical time for 
synaptic plasticity in peri-infarct zone when impairment focused training may be most effective. 
The objective of this ongoing pilot study is to investigate the effect of focused intensive hand 
therapy in the acute stage post-stroke. Following informed consent 11 subjects (4 female, 
61.4±15.7 years, 15.3±11.6 days post stroke) received 60 minutes of training 5 days/week for 
two weeks in addition to their on-going in/out-patient physical, occupational and speech therapy. 
Subjects were randomized to receive either traditional repetitive task practice training (RTP) or 
training using virtual reality gaming simulations (VR). To assess the impact of the intervention 
subjects underwent a battery of clinical, kinematic and neurophysiological testing prior to (PRE), 
immediately following (POST), and 1 month following training (RET). Both groups improved 
PRE to POST on the Box and Blocks Test (BBT) and Fugl-Meyer (FM) score, however the VR 
group showed greater improvement at RET. Transcranial magnetic stimulation was used to 
measure excitable cortical territory (area) for selected intrinsic (FDI, APB, ADM) and extrinsic 
(EDC, FDS) hand muscles. Ipsilesional hemisphere excitable area increased for the intrinsic 
hand muscles across sessions, with little change in extrinsic muscles. Excitable area on the 
contralesional hemisphere was unchanged with training for all muscles. Changes in cortical 
motor topography did not differ between groups. Across groups increase in excitable cortical 
territory from PRE to 1M was significantly correlated with improvement in BBT (r=0.795, p 
=0.003) and FM (r=0.753, p=0.007) for the FDI muscle. These promising preliminary data 
suggest intensive hand rehabilitation in the acute phase post stroke can promote functional 
recovery, and training using VR increases retention 1 month following intervention. Across all 
groups improvement in clinical and kinematic measures was associated with expansion of the 
lesioned hemisphere excitable cortical territory for the intrinsic hand muscles. Recruitment of a 
larger patient population will answer questions regarding role of VR in intensive hand 
rehabilitation in the acute phase post stroke, and identify the utility of excitable cortical area as a 
biomarker of recovery. 
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Abstract: Aim: 
Intracranial pressure (ICP) monitoring has been a standard of care in neurosurgery for trauma, 
neoplastic, neurovascular patients. The recent advances in calculation of cerebral perfusion 
pressure (CPP), pressure reactivity (PRx), optimal CPP (optCPP) has been beneficial for patient 
care and these indices are built on multiple parameters, including the ICP. The clinical 
significance of ICP reading remains substantial. 
Pressure drift, the deviation of pressure readings over time, is occasionally encountered 
clinically. One factor to consider in the interpretation of ICP may be the atmospheric pressure 
fluctuation. The traditional extra-ventricular drainage is exposed to atmosphere and reflects the 
real-time ICP with the fluid level of the CSF drained. On the other hand, some digital ICP 
sensors are zeroed upon insertion and absolute value of ICP are measured with respect to the 
atmospheric pressure upon insertion throughout its duration of implementation without 
reconsidering the influence of the atmospheric fluctuation. To optimize accuracy of ICP readings 
and its interpretation using other variables such as CPP, PRx, optCPP, we consider the influence 
of atmospheric pressure fluctuations and its relevance to digital ICP readings. 
Methods: 
Range of atmospheric pressure fluctuations is first calculated with data downloaded from public 
domain. We then analyzed of atmospheric pressure readings for Taipei, New York, London and 
Berlin. Also, we investigated the relevance of meteorological atmospheric pressure readings to 
ICU atmospheric readings using data from Taipei and compared to readings within ICU at Taipei 
Medical University Hospital demonstrated. Lastly, Porcine models were then utilized to 
demonstrate the correlation between hyperbaric pressure and digital ICP recordings. 



Results: 
The atmospheric pressure fluctuations revealed that fluctuations at Taipei, New York, London 
and Berlin were beyond 5mmHg within 5 days were 18%, 75%, 72%, and 69%, respectively. 
Also, relevance of ICU atmospheric pressure were strongly correlated with ICU atmospheric 
pressure, and readings revealed a 2.24±0.22 mmHg increase in ICU atmospheric pressure over 
the meteorological atmospheric pressure reading. Lastly, porcine model using a hyperbaric 
chamber revealed consistent correlation between atmospheric pressure and ICP fluctuations. 
Conclusion: 
Atmospheric pressure fluctuation is a significant phenonmenon. Its influence on reading of 
digital ICP sensors is substantial and its role in clinical decision-making process should be 
further validated with additional animal studies and clinical trials. 
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Abstract: Intracranial hemorrhage (ICH) is a cerebrovascular disease with a high mortality rate. 
Among the main consequences arising from it is the production of edema, that in turn increases 
cell volume. As a mechanism to preserve its volume, cell activates regulatory mechanisms, such 
as the eflux of osmolytes like taurine. Previous studies, have related levels of taurine to 
cerebrovascular diseases, due to their increasing after the establishment of an injury and their 
reduction after a medical treatment. A relationship between Taurine and edema and their 
potential use as biomarker to predict a poor outcome in patient who suffered subarachnoid 
hemorrhage (SHA) has been reported too. However, association between taurine levels and 
edema in ICH hasn´t been directly characterized yet. In the present study, we quantified the 
concentration of taurine and other amino acids in plasma and cerebral tissue, in an ICH model in 
rat. We injected collagenase type VII intrastriatally in male Wistar rat in order to reproduce an 



ICH model. After the administration of the enzyme, rats developed neurological deficits 
(ipsilateral circling behavior, inability to tun to the non injured side and inability for walking 
along the beam). Animals showing no deficit were discarded. We quantified the concentrations 
of taurine in plasma and in the whole injured hemisphere at different times after injection: 3, 24, 
48, 72 and 96 hours(hrs), while a control group of rats was administrated with saline solution. 
There were no changes in the plasmatic leves of taurine in any of the groups, having similar 
levels of concentration as the control group at all times evaluated. Other amino acids related to 
cerebral injury as glutamate and glutamine, showed no change in plasma when compared with 
the control group. In tissue, concentration of taurine showed an increased starting at 24 to 96 hrs, 
when compared to control group. For glutamate, same increasing pattern was observed, being 
statistically significant at 96 hrs when compared to control group levels. Glutamine also showed 
increasing levels, with statistically significant at 72 and 96 hrs. After measuring the percentage 
of water, we observed a slight increase in the content of water up to 48 hrs, decreasing at 72 hrs. 
Hematoma area was measured by microscopy at the site of collagenase administration, showing 
the highest levels of hemorrhage at 24 hrs and its partial re-absoption 96 hrs latter. Increase of 
amino acids such as taurine, glutamate and its precursor glutamine might be considered as 
potential biomarkers of disease. 
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Abstract: Aim of Investigation: JY-505,317 is an N-Methyl-D-aspartic acid receptor (NMDAR) 
modulator that acts as a functional glycine-site partial agonist. The present studies examine the 



effect of JY-515,317 in multiple rat models of neuropathic pain. Methods: The analgesic effects 
of JY-515,317 were evaluated in the rat Bennett model (chronic sciatic nerve constriction), the 
Taxol model of chemotherapy-induced pain, the streptozotocin (STZ) model of diabetic 
neuropathy, the formalin model of persistent pain, and the tail flick model of acute pain. 
Potential sedative / ataxic effects were also examined in the rota-rod test. Results: A single oral 
dose of JY-515,317 produced a rapid-acting (1 hr post-dosing) and long-lasting (24 hrs and 1 
week post-dosing) mechanical and thermal analgesia in the Bennett model (mechanical EC50 = 
0.3 mg/kg PO; thermal EC50 = 0.4 mg/kg PO), and mechanical analgesia in the STZ model (EC50 
= 0.3 mg/kg PO) and Taxol (EC50 = 5 mg/kg PO) models. In contrast, the gabapentin (150 mg/kg 
PO) positive control was not analgesic in the Taxol model, and only produced analgesic effect 1 
hr but not 24 hr or 1 week post-dosing in the Bennet and STZ models. JY-515,317 also reduced 
flinching in the late phase of the formalin test 1 hr post dosing (EC50 = 0.2 mg/kg PO) to a 
similar degree as gabapentin (150 mg/kg PO). JY-515,317 (1 mg/kg PO) was ineffective the tail 
flick model of acute pain. Lastly, JY-515,317 (1-100 mg/kg PO) did not induce a sedative / 
ataxic effect in the Rota-rod test when measured up to 2 hr post-dosing, whereas a therapeutic 
dose of gabapentin (150 mg/kg PO) did produce sedative / ataxic effects at 1 hr and 2 hrs post-
dosing. Conclusions: These data show that JY-515,317 has therapeutic potential as a rapid acting 
and long-lasting therapeutic for the treatment of a variety of neuropathic pain conditions with no 
sedative or ataxic effects. 
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Abstract: Hypothalamic-pituitary dysfunction causes anxiety and lowered circulating 
testosterone concentrations in soldiers experiencing traumatic brain injury (TBI) from 
improvised explosive devices. It is unknown if increased anxiety and reduced testosterone occurs 
in rodents following exposure to multiple (two) dorsal-oriented blasts or a single frontal-oriented 
overpressurization blast (OB). PURPOSE: Determine anxiety and the circulating testosterone 
concentrations following a TBI resulting from a closed-head OB to the dorsal or frontal 
orientations of the skull. METHODS: Male Sprague-Dawley rats aged 2 months were 
randomized to receive one of three treatments: 1) closed-head dorsal-oriented OB injury to the 
skull on day 7 (psi=78.70±2.14 SEM) and day 14 (psi=77.83±2.47 SEM) (n=17), 2) closed-head 
frontal-oriented OB injury to the skull on day 7 (psi=38.60±1.44 SEM) (n=5), or 3) sham OB 
injury (balloon pop at 90 decibels) on day 7 and day 14 (n=6). Elevated plus maze (EPM) was 
used to assess exploratory behavior and anxiety-like behavior in open and closed arms for 300 
seconds pre and post OB(s). Blood was acquired 14 days after TBI and plasma testosterone 
measured via ELISA. Open arm EPM times and testosterone concentrations were compared 
using one-way ANOVA with post-hoc Holm-Sidak measurement. RESULTS: Open arm EPM 
times were 97% lower after dorsal-oriented OB injury (0.71±0.63 SEM sec, p=0.004) compared 
to pre-injury (24.33±7.67 SEM sec), 99% lower after frontal-oriented OB injury (0.32±0.32 
SEM sec, p=0.027) compared to pre-injury (30.42 ±11.10 SEM sec), while no significance 
difference was observed for the control group (4.05±3.37 SEM sec, p=0.394) compared to pre-



sham (10.45±5.33 SEM sec). Testosterone was 45% lower after dorsal-oriented OB injury 
(2.34±0.31 SEM ng/ml, p=0.029) compared to sham OB (4.28±5.33 SEM ng/ml), while no 
significant difference was observed for the frontal-oriented OB injury (2.71±1.70 SEM ng/ml, 
p=0.168). CONCLUSION: Increased anxiety seen in the dorsal and frontal oriented OB injuries 
following the first injury. Lower circulating testosterone observed in male rodents following 
multiple (two) dorsal oriented OB injuries to the skull. Single frontal oriented OB injury did not 
appear to reduce circulating testosterone (despite a similar magnitude of reduction), perhaps 
because the primary blast vector was directed toward occipital region of skull, animals received a 
single blast injury, or the smaller sample size. Future research evaluating the duration of the 
testosterone deficit and cortisol concentrations after closed-head OB injury and the functional 
consequences after TBI is warranted. 
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Abstract: Hypoxic damage to the developing brain is a major consequence of premature birth 
and is associated with long-term neurological impairment and permanent neurodevelopmental 
disabilities. Hypoxia predisposes the developing brain to diffuse white matter injury, a 
debilitating condition characterized by ventriculomegaly, decreased white matter volume, and 
disturbances in myelination. Oligodendrocytes, the myelin-forming glia that ensheath axons in 
the central nervous system, have been found to be highly susceptible to hypoxia-induced 
oxidative stress in both humans and rodents. Recent clinical studies have demonstrated that 
social, family, and environmental factors contribute to improve cognitive outcomes in premature 
children. However, it is unknown if the environment can modulate the outcome of hypoxia-
induced white matter brain injury. This study uses environmental enrichment - enhanced 
stimulation at multiple cognitive, sensory, social, and motor levels to facilitate recovery in the 
developing brain. Using a rodent model of preterm birth – perinatal chronic hypoxia - we find 



that continuous enrichment of the environment implemented within a few days after hypoxic 
insult promotes cellular, ultrastructural, and functional white matter recovery. By enhancing the 
endogenous reparative response to hypoxic brain injury, we demonstrate that environmental 
enrichment attenuates the effects of perinatal hypoxia and is therefore a promising avenue to 
restore developmental white matter integrity and function after injury. 
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Abstract: Introduction: Cortical spreading depression (CSD) is a reversible depolarization wave 
that propagates across the brain surface at low velocity. In neurological disorders, CSD may play 
a key role as a pathophysiological mechanism in brain damage. Focal brain cooling (FBC) 
reduces neuronal damage and promotes recovery in models of epilepsy, cerebral ischemia, and 
trauma. Based on the above results, we assume that generation and propagation of CSD can be 
inhibited by FBC. 
Methods: Male Sprague Dawley rats were anesthetized and subjected to craniotomy that was 
made to establish two operation areas. One area was used to induce CSD by the drop of 1M KCl. 
Another area was used to observe brain activities. Changes in neuronal and vascular modalities 
were evaluated using the multimodal recording which can record the simultaneous changes of 
Brain temperature (BrT), direct-current (DC) to alternating current (AC) range of 
electrocorticogram (ECoG), and laser speckle imaging of cerebral blood flow (CBF) in the same 
brain region. Our experiment was designed to identify relative differences between the cooling 



(CL) and the non-cooling (NC) group (n = 7 each). We perfused warm or cold saline to control 
brain temperature at around 37 or 15 °C in each group, respectively. We also measured the 
effects of FBC on protein levels of endothelial NO synthase (eNOS) using western blot analysis. 
Results: In the NC group, KCl predominantly exhibited repetitive CSD events (propagation of 
hyperemia and depolarization and AC suppression of ECoG; mean frequency = 11.57). In the CL 
group, FBC increased the duration of all CSD events thereby the frequency of CSD was 
gradually reduced (mean frequency = 0.86). Moreover, eNOS was decreased in the cooled brain 
region compared with that in the NC group. 
Discussion: K+ concentration increase due to the application of KCl to the brain surface causes 
depolarization and spreading away from a site of KCl application point. When FBC is applied, 
cooled neurons depolarize the membrane potential to stay of voltage gated Na+ channel 
inactivation and vasodilation induced by NO is impaired under the cooling condition. The results 
obtained show that FBC has an impact on the characterization of CSD such as depolarization and 
eNOS expression. 
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Abstract: Our laboratory has shown that dietary supplementation with pomegranates, which 
have a high concentration of bioactive phytochemicals (plant-based compounds such as 
polyphenols), can improve memory function in humans following open heart surgery, ameliorate 
neuropathology and spatial learning/memory deficits in tg2576 mice, promote neurogenesis in 
wildtype mice, and improve rotarod performance in male (but not female) wildtype mice. We 
have also previously reported that exposure to 2 Gy of proton radiation induced depression-like 
behaviors in the tail-suspension test that were ameliorated by pomegranate supplementation. In 
this same study (Dulcich & Hartman, 2013), we showed that irradiation did not impair 
performance in the water maze, a test of spatial learning and memory. However, a number of 
other studies (e.g., Janus, 2004; Brody & Holtzman, 2006) have shown that mice can use several 



strategies to “solve” the water maze. In the present study, we assessed search strategies from the 
mice in the Dulcich & Hartman (2013) paper to determine whether irradiation, diet, and/or 
gender affected the use of strategies to solve the water maze. Swim paths during the water maze 
trials were digitized and visually categorized into one of seven search strategies (spatial direct, 
spatial indirect, focal correct, focal incorrect, scanning, random search, and repetitive looping). A 
discriminate function analysis demonstrated that experimental group predicted search strategy 
use, correctly identifying 66% by gender, 61% by irradiation status, and 54% by diet. 
Furthermore, cell counts showed that females had more cells in the subgranular layer of the 
hippocampus, and that a higher cell count in the dentate gyrus was significantly correlated with 
increased use of a focal incorrect search strategy. These data demonstrate that the water maze 
can generate a much richer data set than simple escape latency and/or swim distance, and that 
different experimental groups can achieve similar performance on this test by the use of a 
number of different search strategies. 
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Abstract: Aim of Investigation: JY-515, 317 is an orally bioavailable small molecule NMDA 
receptor modulator. The present studies detail the in vitro and in vivo characteristics of JY-515, 
317. Methods: Functional glycine-site agonist effects were measured using an in vitro [3H]MK-
801 binding assay in membrane extracts prepared from human NMDAR2A-2D subtype-



expressing HEK cells. NMDA current was measured in pharmacologically isolated NMDA 
currents in Schaffer collateral-evoked EPSCs in CA1 pyramidal neurons using whole-cell patch 
clamp recordings. Long-term potentiation (LTP) was measured at Schaffer collateral CA1 
synapses in rat hippocampal slices following acute bath application of JY-515, 317 as well as 24 
hours post-dosing in vivo. Learning and memory as well as behavioral effects were measured in 
the rat positive emotional learning, Morris water maze, and Porsolt tests. Sedative / ataxic effects 
were measured in the rat Rota-Rod test. Oral bioavailability was measured in rat plasma by LC-
MS/MS. Results: In recombinant human NMDAR2A-2D -expressing HEK cells, partial agonist 
activity of JY-515, 317 was demonstrated at all 4 receptor subtypes, with greater potency at 
NMDAR2B (EC50 of 55 pM, 28 Fm, 11 pM, 55 pM and % maximal activation relative to glycine 
of 41%, 47%, 63%, and 58% for NMDAR2A, NMDAR2B, NMDAR2C, NMDAR2D, 
respectively). JY-515, 317 also increased NMDA current in hippocampal slices at concentrations 
between 100-500 nM, but not at 5 µM. Similarly, in the hippocampal LTP assay, JY-515, 317 
facilitated LTP at concentrations between 100-500 nM, but not at 2 µM. JY-515, 317 (1 mg/kg 
PO) facilitated ex vivo hippocampal LTP 24 hrs post-dosing. JY-515, 317 (1 mg/kg PO) 
facilitated Morris water maze learning from 1 hr to at least 5 days post-dosing. JY-515, 317 also 
produced an antidepressant-like effect in the Porsolt test (EC50 = 6 µg/kg PO) and facilitated 
positive emotional learning (EC50 = 3 µg/kg PO) 1 hr post-dosing. JY-515, 317 (1-100 mg/kg 
PO) did not show sedative / ataxic effects in the Rota-Rod test when measured up to 2 hr post-
dosing. JY-515, 317 showed ~50% oral bioavailability (IV vs PO plasma AUC). Conclusions: 
These data demonstrate that JY-515, 317 is an orally bioavailable NMDAR modulator that acts 
as a functional glycine-site partial agonist. JY-515, 317 facilitates LTP and NMDA current 
through its interaction with the NMDA receptor where it has affinity for all 4 NR2B subtypes. 
JY-515, 317 shows efficacy in multiple learning and memory models as well as behavioral 
models without sedative or ataxic effects. 
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Abstract: Traumatic brain injury (TBI) is a major cause of morbidity and mortality in the United 
States and is a primary public health concern. Injury to the brain may result in serious behavioral 
and neurological deficits. A consequence of TBI is the development of posttraumatic epilepsy 
(PTE) where recurrent spontaneous seizures occurs after a brain injury. The pathophysiology in 
which trauma to the brain leads to spontaneous seizures is unknown and clinically relevant 
models of PTE are key to understanding the molecular and cellular mechanisms underlying the 
development of PTE. Current models of PTE have focused on using pentylenetetrazole (PTZ) for 
testing seizure susceptibility. For example, injured animals injected with a subdose of PTZ were 
more susceptible to generalized seizures and displayed a decrease in latency to the first spike of 
an epileptiform discharge as compared to control animals. Diffusion MRI have also associated 
hippocampal damage to decreased seizure susceptibility in animals that have undergone a TBI, 
however, a correlation between cortical damage and seizure susceptibility was not observed. In 
our study, we utilized optical coherence tomography (OCT) to detect changes in tissue dynamics 
in a controlled cortical impact (CCI) injury mouse model of severe TBI (sTBI). Additionally, 
animals underwent in vivo intrahippocampal electrical stimulation for the assessment of 
electrographic seizure threshold (EST) and electrographic seizure duration (ESD). OCT imaging 
revealed structural changes within the cortex after sTBI and injured animals had a lower EST 
compared to sham controls. Altogether, our data suggest that EST and ESD can be quantitatively 
determined and OCT can be a potentially powerful imaging tool for optical biomarker detection 
in our model of PTE. 
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Title: Lysophosphatidic acid as a key initiating factor in premature infantile post-hemorrhagic 
hydrocephalus 
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Abstract: Post-hemorrhagic hydrocephalus (PHH) is a common neurological disorder associated 
with intraventricular hemorrhage. It presents with increased intracranial pressure leading to 
ventriculomegaly, severe cognitive disability, and possible death. Current treatment options are 
limited to palliative neurosurgical interventions following development of chronic disease. 
Previous studies have linked the bioactive lipid lysophosphatidic acid (LPA), signaling through 
cognate G protein-coupled receptors (LPARs), to the initiation of PHH during embryonic life. 
LPA circulates within the blood, demonstrating elevated concentrations following hemorrhage or 
trauma. Here, we present a novel mouse model of PHH that implicates LPA signaling at a 
development period correlated to premature human infants, a group with high risk for 
hemorrhage and subsequent PHH. Neonatal mice, approximating infants born at 20-32 weeks, 
were injected intracranially with LPA or vehicle to simulate intraventricular hemorrhage. These 
injections cause early disruption of ventricular ependymal cells, resulting in dramatic loss of cilia 
within 24 hours. Allowing 7 days for PHH progression results in severe ventriculomegaly, 
continued disruption of the ependymal lining, and increased intracranial pressure. These effects 
can be ameliorated by LPAR knockout. Importantly, this mechanism is distinct from fetal PHH 
based on affected cell populations and LPAR expression patterns. Ongoing studies include 
characterization of chronological receptor-mediated events along with efforts to determine the 
efficacy of LPAR-targeted pharmacological agents as a preventative measure against PHH 
development. 

Disclosures:  N.C. Stoddard: None. Y.C. Yung: None. M. Merete: None. J. Nhan: None. J. 
Chun: None. 

Poster 

609. CNS Injury and Damage: Non-TBI 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 609.11/CC7 

Topic: C.09. Brain Injury and Trauma 

Support: grant-in-aid for scientific research on innovative areas. No. 24116007 

 Intramural Research Grant. No. 21-9 



Title: Gene expression changes in the microglia during fear memory processing 
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Abstract: Post-traumatic stress disorder (PTSD) is a complicated central nervous system (CNS) 
syndrome that characterized by recurrent trauma-related memories. Maintenance of excessive 
fear states (reconsolidation) or failed to erase fear memories (extinction) could be considered a 
pathology of PTSD. Animal behavioral study indicates that re-exposure to contextual fear 
conditioning in a short time influence reconsolidation, and prolonged re-exposure facilitated 
extinction. Evidence suggested that immunological mechanisms might be involved in the 
pathophysiology of PTSD. Murine studies showed that microglia, the major CNS immune cells 
that produced inflammation cytokines could influence contextual fear memory, which suggested 
microglia as modulator of memory formation. However microglial functions on the fear memory 
reconsolidation and extinction function remains poorly understood. Herein, we used microarray 
experiment that base on murine contextual fear extinction model, in order to investigate the 
activation of microglia on reconsolidation and extinction. Our results show that transmission of 
nerve impulse relevant genes were significantly over-represented among fear memory 
consolidation and reconsolidation induced genes, whereas among fear memory extinction 
reduced genes. M1 microglial production of inflammation cytokines was significantly decreased 
and anti-inflammation cytokines were significantly increased during extinction compared with 
fear memory reconsolidation. Our findings indicate that activated microglia may be involved in 
fear memory consolidation and extinction. Microglia expression neurotransmitter receptors and 
product inflammation cytokines as a complex interacting network that can effect on fear 
memory. 
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Abstract: Background: JY-505,317 is an N-Methyl-D-aspartic acid receptor (NMDAR) 
modulator that acts as a functional glycine-site partial agonist. In recombinant human 
NMDAR2A-2D -expressing HEK cells, partial agonist activity of JY-515, 317 was demonstrated 
at all 4 receptor subtypes, with the greatest potency at NMDAR2B. JY-515, 317 also enhanced 
whole cell NMDA current in CA1 pyramidal neurons in hippocampal slices at concentrations of 
100-500 nM but not at 5 µM. Similarly, JY-515,317 enhanced the magnitude of long term 
potentiation (LTP) at Schaffer collateral-CA1 synapses in rat hippocampal slices at 
concentrations of 100- 500 nM but not 2 µM. JY-515, 317 (1 mg/kg p.o.) also facilitated ex vivo 
hippocampal LTP and significantly increased the number of mature dendritic spine morphologies 
24 hrs post-dosing. JY-515, 317 is an orally available compound that has also shown efficacy 
after PO administration in several animal models of learning and memory without demonstrating 
side effects. JY-515, 317 has approximately 50% oral bioavailability in rats (i.v. vs p.o. plasma 
AUC). JY-515, 317 (1 mg/kg p.o.) facilitated Morris water maze learning from 1 hr to at least 5 
days post-dosing. JY-515, 317 (1-100 mg/kg p.o.) did not show sedative/ataxic effects in the 
Rota-Rod test. 
Methods: Blast-induced brain injury was caused following the protocol of Goldstein modified 
for use in rats (Goldstein et al., 2012). Briefly, an aluminum shock tube (183 x 61 cm; L-3 
Applied Technologies, USA) was positioned 10 cm from the head of the rat. Rats received a 
single ~45 PSI blast of helium generated by puncturing 0.014 inches of polyester film. Sham 
controls were placed outside of the blast radius. Animals were dosed with JY-515, 317 (1 mg/kg 
PO) or 0.5% Na-CMC in 0.9% sterile saline vehicle (1 ml/kg p.o.) 1, 2, 6, or 24 hrs post-blast. 
Latency to recover from anesthesia was recorded. Recovery was defined as displaying eyeblink 
and righting reflexes, and normal ambulation. Rats were tested in a learning task 48 hrs post-
blast to evaluate potential neuroprotective effects. In addition, changes in tau phosphorylation 
were assessed immunohistochemically in the hippocampal formation. 
Results: A neuroprotective effect was observed in rats treated with JY-515, 317(1 mg/kg, p.o.) 
up to 24 hours post-blast. In rats dosed 1 hour post-blast, JY-515, 317 produced a 
neuroprotective effect between 0.1-10 mg/kg with an EC50 = 0.2 mg/kg. Increases in phospho-
tau (pSer202 + pThr205) staining were observed in the hippocampal formation in vehicle-treated 
controls whereas no increase in staining was observed in the JY-515, 317 -treated rats. 
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Abstract: Traumatic brain injury (TBI) has become recognized as an invisible wound of modern 
warfare. The employment of improvised explosive devices by enemy combatants exposes our 
warfighters to both primary blast wave-induced brain injury as well as secondary concussive 



injuries. The majority of reported TBI cases from recent conflicts are mild with sleep-wake 
disturbances being among the most common clinical complaints. The objective of the current 
study was to assess the acute effects of concussive brain injury (CBI) and blast wave-induced 
brain injury, separately. Male C57BL/6J mice (approximately 10 weeks old) were randomly 
assigned to receive CBI, which was delivered via a Leica ImpactOne controlled cortical impact 
device; be exposed to blast overpressure of approximately 15 psi in the Advanced Blast 
Simulator (ABS); or undergo sham procedures for each injury model. Injured animals and their 
respective shams were further divided into the following subgroups: 24-hour survival in standard 
housing, 72-hour survival in standard housing, and 72-hour survival in Any-Maze cages 
(Stoelting, Co.). The Any-Maze cages were used to continuously monitor home cage activity. 
Mice from each group were tested in an open field, and on the y-maze test for spontaneous 
alternation behavior (working memory) before brain tissue was collected for analysis of 
immunoreactive orexin-A neurons. This group of hypothalamic neurons was previously 
implicated in sleep-wake disorders. Preliminary results showed that both CBI and ABS caused 
significant, but transient decreases in home cage activities, including wheel running and 
ingestive behaviors 24 hours postinjury. Furthermore, ABS resulted in general hypoactivity in a 
20-minute open field session at both time points for standard-housing animals, but not for Any-
Cage-housed animals. This decrease in activity was accompanied by a reduction in orexin-A 
hypothalamic neurons. In contrast, CBI did not result in hypoactivity in the open field nor did it 
cause a reduction in orexin-A positive neurons. Instead, mice subjected to CBI spent more time 
in the center of the open field with no difference in the overall distance travelled during a 20-
minute open field session relative to their sham controls. The increase in activity in the center of 
the open field suggested that CBI mice demonstrated less anxiety than their sham controls. The 
differential effects of CBI and ABS may speak to the heterogeneous presentation of patients 
suffering from mild TBI, who often report no or very minor symptoms. 
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Abstract: Introduction: The glymphatic system is a dynamic pathway for clearance of protein 
and other macromolecules from brain. Normal variation in glymphatic flux occurs under 
physiologic conditions, e.g. sleep, and recently inefficient or overwhelmed glymphatic flux has 
been implicated in neurological disease, e.g. amyloid- and tau-opathies. We capitalized on the 
colorimetric and fluorescent properties of Evans blue labeled albumin in order to evaluate 
glymphatic flux in rodent models of neurological disease. Methods: 25 µl of 1% Evans blue 
albumin was injected into the CSF of anesthetized postnatal day (PND) 17 rats via intracisternal 
(i.c.) injection. This concentration results in complete binding of Evans blue to albumin, thus 
movement of albumin rather than unbound Evans blue can be traced. Serum was collected and 
brains harvested at several time points after i.c. injection. Brains were immersed in 3 ml 10% 
formamide for 3d to extract Evans blue. Evans blue was quantified spectrophotometrically 
(620nm) against a standard curve. Transit of Evans blue from CSF to blood was monitored 
qualitatively using intravital multiphoton microscopy and multilabel immunohistochemistry 
(excitation 530-550nm/emission 590nm). Results: The concentration of Evans blue albumin in 
serum was 2.1±0.9, 4.3±0.1, 2.0±0.3, and 0.4±0.2 µg/ml; and in brain was 12.2±2.2, 13.3±3.7, 
9.2±1.7, and 4.5±1.1 µg/ml at 1, 4, 24, and 72h, respectively (n=4/group). Peri-arteriolar Evans 
blue albumin was detected using intravital multiphoton imaging at 1h after CSF injection in live 
PND17 rats. Sagittal sections from rats 2h after i.c. injection showed extravasation of Evans blue 
albumin from ventricles and leptomeningeal spaces. This extravasation appeared markedly 
increased when intracranial pressure was increased to 40mmHg in the rats. Conclusion: Injection 
of Evans blue albumin can be used to dynamically assess protein flux from CSF to brain to 
blood. This technique may be useful for the study of glymphatic flux in both physiologic and 
pathophysiologic conditions, including elevated intracranial pressure. 
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Title: Multiple neonatal anesthetic exposures has more severe effects on adult rodent behavior 
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Abstract: Background: Anesthesia administration during neuronal development results in an 
increase in the number of neurons undergoing apoptosis in the mammalian brain. We previously 
used proton magnetic resonance spectroscopy (1HMRS) to demonstrate that growth of N-acetyl-
aspartate (NAA), a marker for neurons, is more severely impaired with multiple anesthesia 
exposures than with a single exposure, even when total anesthesia duration is the same. Given 
this, we hypothesized that multiple neonatal exposures would cause a more severe effect on 
behavior compared to a single neonatal exposure. 
Methods: On post-natal day (PND) 5, male rat pups were divided into three groups designated 
as ‘single exposure’, ‘multiple exposure’, and ‘unexposed’. For the single exposure group, the 
pups were exposed to 6 hours of sevoflurane anesthesia on PND 7 only; for the multiple 
exposure group, the pups were exposed to 2 hours of sevoflurane anesthesia each on PND 5, 7, 
and 10; while the unexposed group received no anesthesia. The pups were then assessed through 
a series of behavioral tests after PND 35, specifically by open field and novel object recognition 
(NOR) testing. 
Results: We had 10 rats per group for behavior testing, with a total of 30 rats. Open field testing 
demonstrated multiple significant differences between the groups, with the multiple exposure 
group showing the greatest deviation from normal, see Fig. 1. Results of NOR testing is seen in 
Fig. 2, indicating a trend for exposed animals to spend less time with the novel object, with the 
multiple exposure group spending the least time with the novel object, however, not statistically 
significant. 
Discussion: 1HMRS data from previous work indicated that brain maturation, as measured by 
NAA, is more severely impeded, with longer lasting effects, by multiple exposures than by 
single exposure. Here we have demonstrated that multiple exposures to anesthesia also have a 
more profound effect on animal behavior than a single anesthesia exposure, even though the total 
exposure duration was the same for both groups. 



 

Disclosures:  R. Makaryus: None. J. Robinson: None. A. Jan: None. T. Fletcher: None. G. 
Enikolopov: None. H. Benveniste: None. 



Poster 

609. CNS Injury and Damage: Non-TBI 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 609.16/DD1 

Topic: C.09. Brain Injury and Trauma 

Title: Delayed onset spinal epidural hematoma with development of Brown-Séquard syndrome 

Authors: *S. D. ALBANO, B. W. BERMAN;  
Neurosurg., Desert Regional Med. Ctr., Palm Springs, CA 

Abstract: Background: 
Spinal epidural hematoma makes up a minority of spinal injuries. The disease process also 
represents a challenge in diagnosis when not apparent on initial computerized tomography (CT) 
scan as the mechanism of injury and force of impact do not directly correlate with incidence of 
spinal epidural hematomas. Further adding to the diagnostic challenge is the fact that 
posttraumatic spinal epidural hematomas are rarely associated with fractures2. 
Case Report: 
A 74 year old female with a history of transient ischemic attack on Plavix and aspirin 81mg 
daily, presented for non-radiating upper back pain after a fall from approximately four foot 
height. No preceding weakness, headache, lightheadedness. Post fall, no loss of consciousness, 
blurry vision, tinnitus, post nasal drip, otorrhea, loss of bowel or bladder control, nausea, 
vomiting, motor weakness or paresthesias. However in hospital patient developed episodes of 
vomiting. Initial physical exam demonstrated 5/5 motor strength and sensation to purposeful 
touch intact in upper and lower extremities. Initial CT scans showed no intracranial hemorrhage 
or skull fractures. Cervical spine demonstrated multiple osteophytes from cervical 4-cervical 7. 
Patient progressed to develop urinary retention and motor deficits. MRI demonstrated spinal 
epidural hematoma. Patient was taken for emergent decompressive laminectomy. Post 
operatively patient exhibited Brown-Séquard Syndrome. Motor deficits improved with physical 
therapy. 
Conclusions: 
Many options exist for diagnosis of spinal epidural hematoma to include CT scan, myelogram, 
and MRI. As demonstrated in this case spinal epidural hematoma does not need to be associated 
with a fracture of the vertebra and can be occult on CT scan. Therefore in the setting of 
progressive neurologic decline an MRI is indicated and can better elucidate disease process. 
Treatment options include high dose steroids and observation. However the standard of care in 
progressive neurologic decline is still emergent decompression. 
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Abstract: Repeated stress exposure can increase neurotoxic signals leading to neural 
dysfunction alongside with alterations of neurotransmitter and neuromodulator release in the 
synapse. These misregulated environments can cause dysfunction of neurovascular coupling 
units. We previously reported that 3-week chronic stress decreased hemodynamic response and 
vascular reactivity and further induced changes in neuronal population and vasomodulatory 
system in rat restraint stress model. In the present study, we investigated chronic stress effects on 
the cerebrovascular structure in the mice brain cortex using in vivo two-photon imaging method. 
Two-photon (2p) microscopy provides 3-D vascular structural images in the deep tissue of live 
animal. Utilizing a chronic cranial window, we could trace the longitudinal vascular structural 
changes under chronic stress in the same animal. For in vivo 2p imaging of the brain, the mice 
had a cranial window surgery 4-6 weeks prior of imaging session. Before stress protocol, the 
baseline vascular image was obtained by intravenous injection of texas-red conjugated dextran. 
After 3-week immobilization stress (6hr/day) session, we found that chronic stressed group 
showed alterations in cerebral vasculature compared to control group. In stressed group, there 
was a reduction in both number and volume of larger vessels than capillaries. Also, stressed 
animal exhibited weakened blood brain barrier integrity, resulting in increased extravasation of 
fluorescent dye. These results suggest chronic stress may affect cerebrovascular system and their 
structural solidity. These effects eventually elevate the risk of neurovascular dysfunction. 
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Abstract: We investigated the effect of chronic stress on neuronal activation in the sensorimotor 
cortex of mice, an important top-down circuit in attentional and sensory processes. Three weeks 
of physical immobilization was used to make stress animal model. Membrane voltage changes 
and blood volume changes from one hemisphere upon the whisker deflection were measured 
using voltage sensitive dye imaging (VSDI) and optical intrinsic signal (OIS) imaging 
techniques. Changes of voltage to whisker stimulation started from the barrel cortex and 
expanded to the motor cortex in normal animals because of the innate connection between 
sensory and motor cortices. However, the extent of membrane change in stress mouse was 
smaller, not just in amplitude but in the size of conducted area, suggesting compromised 
sensorimotor network. Supportive anatomical data for the disruptive connection between the 
barrel and motor cortices was obtained from immunohistochemical staining using microtubule-
associated protein 2 (MAP-2), a neuron-specific cytoskeletal protein. We found the reduction of 
MAP-2 stained processes in the barrel cortex of stressed animals. In accordance with VSDI 
results, blood volume changes to whisker deflection were tended to decrease in awake stress 
mouse. Local field potentials that were recorded in the barrel cortex showed smaller oscillating 
power in gamma range (30-80hz), compared to control animals. Reduction in the number of 
parvalbumin (PV) interneurons, which is redeemed as the important neuronal substrate in 
generating gamma oscillation in the barrel cortex, was observed in stressed animals. Considering 
the function of gamma oscillation in attention and synchronization between cortices, the reduced 
gamma power can explain the attentional sensory integrative problem under chronic stress. Our 
findings reveal the systematic effect of chronic stress on sensorimotor circuit, including cellular 
death and damaged connectivity between barrel and motor cortices, and explain the neural 
substrate of stress induced attentional problems. 
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Abstract: The regulation of microcirculation in the brain via neurovascular coupling is crucial 
for meeting the metabolic demands of neurons and glia. A complex interplay of excitatory and 
inhibitory neurons, and astrocytes is thought to control neurovascular coupling. Emerging 
evidence indicates, in pathological conditions, disruptions of this tight interaction leads to the 
failure of adequate delivery of oxygen and glucose, accelerating disease progression. However, 
the exact sequence of events that leads to abnormal neurovascular coupling under pathological 
conditions remains poorly understood. Here, utilizing acute brain slices, which allow better 
control of complex signaling from neurons and glia, we investigated the interactions of neurons, 
glia and blood vessels in somatosensory cortex in chronic stress paradigm. To induce chronic 
stress, 8-weeks-old male C57BL/6 mice were immobilized for 6 hours per day for 3 weeks. The 
effect of restraint stress on anxiety-related behavior was assessed using the elevated plus maze 
before all experiments. In our anatomical experiments, we observed an increase in the number of 
small diameter vessels (< 9 µm in luminal diameter) in chronic stress group compared to control 
group. In addition, in chronic stress, the number of Parvalbumin(PV)-expressing interneurons as 
well as Thy1-positive pyramidal neurons decreased, while the number of reactive astrocytes 
increased. Our functional imaging of arterioles (5 - 10 µm in luminal diameter) with focal 
electrical stimulation showed both vasodilation and vasoconstriction with a small set of no 
response in both groups. However, vasoconstriction was more prevalent in chronic stress 
compared with controls (25% vs 62.5%) and changes in vessel diameter were greater (8.1 ± 0.9% 
vs 20.6 ± 2.1%). Vasodilation was observed more often in control (62.5% vs 25%), while the 
degree of dilation was similar in two groups (11.4 ± 1.5% vs 12.7 ± 2.2%). In contrast to focal 
electrical stimulation, NMDA stimulation induced only vasodilation in arterioles from control 
and chronically stressed animals with no difference in degree of dilation (14.0 ± 1.2% vs 15.9 ± 
4.3%). These results show that the vascular response to neural activity is not uniform, but 
chronic stress shifts vessel responses toward constriction. Together, our results indicate that 



chronic stress remodels the interaction between excitatory and inhibitory neurons accompanying 
vascular structure, which may be a key step in the development of stress-induced mental 
disorders and cerebrovascular diseases. 
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Abstract: Over the past 30 years, research has linked moderate and severe traumatic brain injury 
(TBI) to a greater risk of developing Alzheimer`s disease (AD) or other types of dementia years 
after the original head injury. TBI is a focal injury that results in cerebral contusions at specific 
location or diffuse axonal injury over a widespread area, probably due to shear forces. 
Intriguingly, axonal transport, including microtubule tracks, is subject to injury also during aging 
and in several diseases such as AD, however, mechanisms linking TBI to neurodegeneration, and 
vice versa, remain to be elucidated. To advance our understanding of the mechanisms underling 
TBI we have designed an in vitro system that allows real-time assessment of axonal response to 
injury. More specifically, we have developed a system that consists of a specifically designed 
microfluidic chamber coupled to an electronically controlled syringe pump and a confocal 
mycroscope. Briefly, human neurons were first differentiated from neural stem cells and seeded 
in the proximal chamber with their axons elongating through a series of parallel channels ending 
in the distal chamber. Perpendicularly to the axonal grid an additional channel goes from side to 
side of the chamber. This channel is connected to a syringe controlled by an electronical device, 
which sets the pressure of the syringe and ultimately controls the flow through the channel. This 
setting is mounted on the microscope stage and allows real time visualization of axonal transport 
by taking advantage of fluorescently labeled surrogate markers of axonal transport. To generate 



acute shear stress on the axon we fine-tuned the applied force and duration of the flow. We first 
examined axonal structural markers for the extent of damage caused by different flow forces. We 
next evaluated transport dynamics of APP vesicles, mitochondria and lysosomes before, during 
and after injury. To this end we analysed proportions of anterograde, retrograde stationary 
movement, mean velocities, direction of reversions and density of all the particles. Changes in 
the dynamics immediately after the injury were observed and point toward specific mechanisms 
involved in TBI. 
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Abstract: Mitochondria play a variety of functional roles in cortical neurons, from metabolic 
support and neuroprotection to the release of cytokines that trigger apoptosis. In dendrites, the 
structure of mitochondria is closely linked to their function, and fragmentation of the normally 
elongated mitochondria indicates loss of their function under such pathological conditions as 
stroke and brain trauma. Using in vivo two-photon microscopy in mouse brain, we quantified 
mitochondrial fragmentation (fission) in a full spectrum of cortical injuries ranging from severe 
to mild. Severe global ischemic injury was induced by bilateral common carotid artery occlusion, 
while severe focal stroke injury was induced by Rose Bengal Photosensitization. A moderate and 
mild traumatic injury was inflicted by focal laser lesion and by mild photo-damage, respectively. 
Dendritic and mitochondrial structural changes were tracked longitudinally using transgenic 



mice expressing fluorescent proteins localized either in cytosol or in mitochondrial matrix. In 
response to severe injury, mitochondrial fragmentation developed in parallel with dendritic 
damage signified by dendritic beading. Unlike dendritic beading, mitochondrial fragmentation 
spread beyond the injury core in focal stroke and focal laser lesion models. In moderate and mild 
injury, mitochondrial fragmentation was reversible with full recovery of structural integrity after 
1-2 weeks. The transient mitochondrial fragmentation observed in the mild photo-damage model 
was associated with an increase in dendritic spine turnover without any signs of dendritic 
damage. Our findings indicate that alterations in neuronal mitochondria structure can be 
reversible in ischemic and traumatic injuries and point to mitochondrial fragmentation as an 
early sensitive indicator of neuronal damage. 
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Abstract: Ischemic stroke is the third most prevalent cause of death and the leading cause of 
long term disability with direct and indirect costs amounting to 36.5 billion annually in the 
United States. Following acute cell death resulting from excitotoxic conditions, secondary 
damage can occur to surrounding tissues in the peri-infarct region. We have demonstrated that in 
wild type (WT) mice, ischemia initiates astrocytic gliosis within 6 hours following stroke. Glial 
fibrillary acidic protein (GFAP) positive astrocytes exhibit pronounced hypertrophy in the peri-
infarct region visible within 3 days following injury. Astrocyte mediated gliosis is known to be 
an acute regulated process that initially aids in the formation of a barrier around brain injury to 



limit the spread of noxious chemokines, excitotoxic and inflammatory factors. A mature glial 
scar comprising of astrocytes can be observed within 7 days following stroke. Since the G 
protein-coupled receptor GPR37 has recently been reported to mediate neuroprotective and 
glioprotective effects, we examined the role of GPR37 in ischemic brain damage by evaluating 
astrocytes and the development of gliosis after cerebral ischemia in WT vs. GPR37 knockout 
(KO) mice. Adult WT and GPR37KO mice were subjected to a focal cerebral ischemia affecting 
the right sensorimotor cortex. Mice were sacrificed 3 days following ischemia and histological 
examinations were performed on frozen 10 µm thick sections. Histological analysis of cell death 
was quantified using terminal deoxyribonucleotidyl transferase-mediated dUTP nick end 
labeling (TUNEL). Astrocytes were stained using GFAP and cell nuclei were labeled using a 
Hoechst dye. Robust reactive astroglia activation and scar formation around the infarct area were 
observed in WT animals. Reactive astrocytes accumulation was seen at 6 hours following 
ischemia and the number of astrocyte processes increased significantly by 7 days. A glial scar 
border marked by GFAP staining appeared by 48 hours following ischemia. In contrast, a glial 
scar failed to form after the ischemic insult in GPR37KO mice. The number of astrocytes present 
in the peri-infarct region was significantly reduced by about 50% compared to WT mice (n=3, 
p=0.0106). Consistently, the mean GFAP fluorescence intensity was significantly weaker in the 
peri-infarct region of GPR37 KO animals (0.41 ± 0.16 n=5) compared with matched WT mice 
(2.158 ± 0.3, n=4). These preliminary data suggest that GPR37 protein plays a critical role in 
astrocyte activation and the formation of glia scar following ischemic insults to the brain. 
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Abstract: Cells akin to astrocytes act as adult neural stem cells (aNSCs) in specific neurogenic 
niches of the adult mammalian brain and are characterized by self-renewal and generation of 
differentiated progeny. While in vivo these cells self-renew for a limited number of cell divisions 
and are bilineage, generating neurons and astrocytes (Calzolari et al., 2015; Encinas et al., 2011), 
in the neurosphere assay in vitro they self-renew for a long time and are multipotent, giving rise 
to neurons, astrocytes and oligodendrocytes. Astrocytes outside the neurogenic niches do not 
proliferate or generate neurons under physiological conditions, but invasive injury triggers both 
proliferation in vivo and activation of NSC potential in vitro in a subset of reactive astrocytes 
(RAs) in the cerebral cortex gray matter (GM) (Buffo et al., 2008; Sirko et al., 2013). Of note, 
while in vivo RAs undergo only a single cell division, generating two astrocytes (Bardehle et al., 
2013), a subset of RAs shows long-term self-renewal and multipotency in vitro. The aims of this 
study were to assess i) whether and to which extent RAs could be stimulated to proliferate 
several times in vivo; and ii) whether cortical RAs could generate different cell types when 
relocated to a neurogenic environment, such as an aNSC niche. Therefore, we analyzed the 
proliferative behavior of RAs through their response to repetitive pathological stimuli in the 
adult murine cerebral cortex GM. To follow cycling cells in the injured GM at different time 
points after stab wound injury, we used a dual-labeling method by combining two thymidine 
analogues, 5-bromo-2'-deoxyuridine (BrdU) and 5-ethynyl-2'-deoxyuridine (EdU). Quantitative 
analysis of in vivo-labeled cycling cells showed that repetitive pathological stimuli induced 
marked changes in the proliferative behavior of RAs and other glial cells (NG2-glia and 
microglia), and led a subset of RAs to reenter the cell cycle. To analyze the differentiation 
capacity of RAs in vivo we transplanted cortical RAs or aNSCs from the subependymal zone of 
adult actin-GFP mice cultured as neurospheres heterotopically into the adult dentate gyrus and 
the embryonic brain. Taken together, RAs can show a larger proliferative potential in vivo while 
their progeny remains more restricted compared to aNSCs. 
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Abstract: Blast-induced neurotrauma is a complex, multisymptomatic condition that affects both 
military personnel and civilians. Exposure to primary blast induces acute cellular changes in the 
brain that precede chronic deficits in memory and behavior. Glial reactivity, particularly in 
astrocytes, is a prominent hallmark of acute injury. Astrocyte reactivity is primarily characterized 
by increased intermediate filament protein expression and hypertrophy. While evidence exists to 
suggest that glial reactivity is both protective and disruptive in the injured brain environment, 
definitive mechanistic links between acute cellular responses and chronic deficits remain to be 
elucidated. Moreover, the secondary injury mechanisms of blast neurotrauma that drive astrocyte 
reactivity are not well defined. This study aimed to characterize acute cellular response to short-
duration overpressure through the use of in vitro models. Both astrocyte-rich cultures and mixed 
cell cultures with neurons and astrocytes were prepared from cortices of Sprague-Dawley rat 
pups. Cells were exposed to short-duration overpressure using a custom in vitro shock wave 
generator. At 24 hours, viability of astrocytes was assessed using an MTT assay. Furthermore, 
alterations in expression of structural proteins were analyzed using reverse transcription real-
time polymerase chain reaction and Western blotting techniques. Specific targets of interest were 
cytoskeletal proteins, including actin, vinculin and intermediate filaments, as well as membrane 
proteins necessary for cell-cell communication. Astrocytes were viable at 24 hours post-exposure 
to overpressure. Results indicated that astrocytes in the presence of neurons become reactive by 
the 48 hour time point as assessed by significant upregulation of glial fibrillary acidic protein 
(GFAP) compared to a sham group (p-value<0.05). Furthermore, astrocyte-rich cultures also 
displayed significantly higher GFAP protein levels at 48 hours post-exposure compared to sham. 
These results imply that astrocytes can become activated by mechanical stimulus alone. 
Transient alterations in gene expression for ezrin and connexin-43 occurred at 24 hours post-
exposure, suggesting potential avenues for secondary injury mechanisms that affect cell-cell 
communication and astrocyte function in the acute stages of injury. The results of this study 
provide evidence of structural alterations in glia as a result of short-duration overpressure 
exposure as well as implications for further investigations into secondary injury mechanisms 
involved in blast neurotrauma. 
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Abstract: Blast-induced traumatic brain injury (bTBI) is a worldwide health problem. Even 
those experiencing low-level blast explosions can develop neurocognitive symptoms without 
evidence of neurotrauma, but the cellular mechanisms of this phenomenon are unknown. We 
developed a pneumatic device that simulates an explosive blast by producing pressure transients 
similar to those observed in a free field explosion, using cell cultures of human brain cells in 
combination with live-cell Ca2+ imaging. Here we show that calcium waves induced by a 
simulated blast propagate primarily through astrocyte-dependent, purinergic signaling pathways 
that are blocked by P2 receptor antagonists. In addition, we found increased expressions of a 
reactive astrocyte marker, glial fibrillary acidic protein (GFAP) and a protease, matrix 
metallopeptidase 9 (MMP-9). Since human astrocytes differ from rodent and other primate 
astrocytes structurally and physiologically, their response to simulated blast may also differ. By 
comparing responses to rat astrocytes, we found that human astrocytes had an increased 
integrated calcium response and prolonged calcium wave propagation kinetics. This differential 
sensitivity is an important consideration in studies of TBI treatments and countermeasures, 
suggesting that greater forces may be needed in rodent model systems to replicate comparable 
damage to human astrocytes. 
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Abstract: Triggering receptor expressed by myeloid cells-2 (TREM2) is a surface receptor 
present on microglia and macrophages. It was first described as a receptor of the innate immune 
system which bound pathogens and led to their phagocytosis. TREM2 deficiency leads to 
dementia, and we recently showed that its deficiency leads to worsened outcome after 
experimental stroke. Thus, TREM2 may be an important molecule in the clearance of injured 
cells paving the way towards recovery and repair. Here, we explored whether TREM2 might also 
play a role in experimental brain trauma TBI. Male TREM2 knockout (TREM Ko) or wildtype 
(Wt) mice (n=12/group) were subjected to controlled cortical impact (CCI), then assessed for 
neurological function at 1, 3, 7 & 14 d later. Mice were assessed for neurological deficit 
(Bederson score), lateralization on an elevated body swing test, and foot faults from a ladder test. 
Brains were then harvested for histology. TREM Ko mice had worsened neurological recovery 
compared to Wt on all three functional studies (p<0.05) and had markedly increased lesion 
volumes (2x larger than Wt, p<0.01). This was also associated with reduced resorption of injured 
brain tissue amongst Ko mice. We also studied Neuro2a cells in combination with BV2 
microglia. Microglial treatment with IL-4 induced a M2 (anti-inflammatory) phenotype as 
determined by arginase 1, CD206 & YM1 induction, and also increased TREM2 expression. 
When TREM2 was silenced using siRNA, arginase1 induction was decreased while iNOS (M1, 
pro-inflammatory) was increased. TREM2 silencing in BV2 cells also decreased neuronal 
phagocytosis in response to microglial activators. These results indicate that TREM2 deficiency 
worsens outcome from experimental TBI, and that TREM2 plays a role in the phagocytosis of 
injured brain cells, and leads towards a M2 phenotype. 
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Abstract: Glioblastoma (GBM) is the deadliest astrocytoma. The mean survival time for GBM 
patients is approximately 14 months under the gold standard, temozolomide (TMZ). There are 
three of the main reasons that make the GBM treatment difficult to surpass: 1) the constitutive 
activation of important signalling pathways involved in the GBM’s proliferative capability, 
namely the protein kinase C (PKC); 2) the presence of a population of cells with stem-like cell 
properties (GSCs), which are known to be chemo- and radioresistant; and 3) the existence of the 
blood-brain-barrier (BBB), that limits the delivery of therapeutic agents. 
To overcome these difficulties, we intended to: 1) use a targeted drug delivery liposome that 
allows BBB passage and reduces the systemic side effects of chemotherapeutics and 2) combine 
with lower doses of specific drugs, namely tamoxifen (TMX), inhibitor of PKC, and TMZ, that 
cross the BBB, to potentiate the effect. For that, we used a F3-peptide-targeted sterically 
stabilized pH-sensitive liposome, which recognizes cell-surface nucleolin (NCL), an 
overexpressed receptor presented in tumor cells, allowing a drug-specific delivery. These 
liposomes contained doxorubicin (DXR), an anti-tumor drug with multiple effectiveness, high 
systemic toxicity and that can not cross the BBB by its own. 
Herein, NCL expression and stem-like cell markers were assessed, by flow cytometry, in two 
GBM cell lines, U87 and GBM11. We also determined the ability of GBM cells to specifically 
uptake the F3 peptide-targeted liposomes, and further correlated with the expression of stem-like 
cell markers, by flow cytometry. We assessed the effect of the combined therapy, TMX and 



TMZ, with F3 peptide-targeted liposome containing DXR, on PKC expression, by western blot. 
The cytotoxicity of liposomes combined with TMX and TMZ was further assessed by the MTT 
assay. 
Our results showed that the F3 peptide-targeted liposomes successfully targeted U87 and 
GBM11 cells, particularly GSCs, but the effect seems to be associated with the NCL 
overexpression. This approach enabled intracellular delivery of DXR with high specificity, 
inducing cell cytotoxicity and reducing cell proliferation, when in comparation with non-targeted 
liposomes. The cell proliferation was further reduced when F3 peptide-targeted liposomes were 
associated to the TMX and/or TMZ combination.  
In this study we showed that liposomes can induce a drug-specific delivery, depending on NCL 
expression, which emphasized the importance of a personalized therapy. Also, the combination 
of liposomes with TMX and /or TMZ is a potential strategy to treat GBM. 
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Abstract: Traumatic brain injury (TBI) affects about 1.9 million Americans every year with 
many more cases going unreported. Blast traumatic brain injury (bTBI) has been labeled the 
signature injury of the wars in Iraq and Afghanistan, and the physiology is similar to that of a 
TBI sustained in automobile accidents and recreational activities such as American football. TBI 
can lead to dizziness, loss of motor skills, rapid mood swings, and memory loss. Current 
treatments for TBI are lacking with most seeking to ameliorate the symptoms of TBI but doing 
little to actively repair the neuronal damage near the site of injury. This project investigated the 
hypothesis that stromal vascular fraction (SVF), a rich source of adipose derived and 



hematopoietic stem cells, can assist in functional and histological post-TBI recovery. Human 
SVF was obtained from patient donors via elective liposuction in accordance with Cell Surgical 
Network protocols and consent of the patients. After extraction, adipose tissue was incubated in a 
closed sterile container with collagenase for enzymatic digestion of the extracellular matrix. The 
sample was washed with sterile saline and centrifuged to isolate the SVF. We utilized the 
acoustic wave technology of the Storz-D-Actor to induce a closed head TBI in adult Rowett 
Nude (RNU) immunosuppressed rats. A 5.0 bar acoustic wave was delivered to the left frontal 
cortex in a closed head procedure. Within one hour post-TBI, the freshly harvested SVF 
containing approximately 500,000 cells suspended in sterile 0.5 ml lactated Ringers solution was 
incubated with Qtracker 625 cell labeling solution and was administered into the RNU rats via 
the tail vein. We utilized a second group of RNU rats that received the same bolus of SVF into 
the tail vein 72 hours post-TBI. Lactated Ringers solution was also administered via tail vein 
injection into control RNU rats. Rotarod and water maze assays were used to monitor post-TBI 
symptoms of declining motor skills and spatial memories, respectively. Rats treated immediately 
after TBI with SVF showed no signs of diminishing motor skills and memory. SVF treatment 72 
hours post-TBI helped the rats return to their motor skills baseline only, while control rats treated 
with Lactated Ringers solution showed a 25% decrease in their motor skills and memory tests 14 
days post-TBI. Histological analysis showed the presence of Qtracker labeled cells within the 
infarct in both SVF treatment groups. However, Qtracker labeled cells were roughly twice as 
numerous in the group treated with SVF immediately following TBI. Our study suggests that 
SVF could serve as a potential therapeutic agent in treating patients recovering from TBI. 
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Abstract: BACKGROUND: Multitrauma involves injury to at least two body regions, and is 
prevalent worldwide. Traumatic brain injury (TBI) and bone fracture are two of the most 
common components of multitrauma. We have recently demonstrated that this injury 
combination in mice results in worse TBI-related outcomes than an isolated TBI, and that this 
occurred in the presence of an exacerbated neuroinflammatory response involving significantly 
elevated levels of interleukin-1β (IL-1β). Accordingly, here we aimed to determine if treatment 
with an IL-1 receptor antagonist (IL-1ra) would reduce neuroinflammation and improve 
outcomes in mice given multitrauma. METHODS: 12 weeks old Male C57Bl/6 male mice were 
randomly allocated to sham (SHAM) or multitrauma (weight-drop TBI and internally-fixated 
tibial fracture; MULTI) groups. Mice received subcutaneous injection of either 100 mg/kg of the 
IL-1ra or vehicle (VEH) at 1-, 6-, 24-hours and then daily for 1 week post-injury. A portion of 
mice were killed at 48 hours, and the remaining mice were given a 12-week recovery period. 
Cerebral edema and markers for neuroinflammation were assessed in all mice. Behavioral 
testing, magnetic resonance imaging (MRI), and pentylenetetrazole (PTZ) challenge tests were 
also conducted in the 12-week recovery mice. RESULTS: IL-1ra-treated MULTI mice displayed 
less cerebral edema and cortical neutrophils/monocytes infiltration at 48 hours post-injury 
compared to their VEH-treated counterparts. Preliminary behavior findings suggest that the 
VEH-treated MULTI mice had social impairments in the 3-chamber task, while the IL-1ra-
treated MULTI mice did not. Additional behavior, MRI and PTZ analyses are ongoing. 
CONCLUSIONS: These preliminary findings indicate that IL-1ra may be an effective treatment 
in multitrauma featuring TBI and long bone fracture. Studies are ongoing to determine the 
influence of IL-1ra treatment at additional acute time points and on long-term behavior, 
neurodegeneration, epilepsy-related outcomes, and fracture healing following multitrauma. 
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Abstract: Corticospinal tract is a major descending pathway mediating voluntary movements. 
The loss of cortical input due to injuries or stroke leads to severe deficits with limited recovery. 
Objective of the current study was to examine transmission from motor cortex to individual 
neurons in cervical C4-C5 spinal cord and to forelimb muscles in non-injured and in animals 
after acute lesion of sensorimotor cortex. We performed systematic quantitative evaluation of 
synaptic transmission to individual spinal neurons bilaterally and its correlation with responses 
recorded from forelimb muscles. Number of spinal neurons receiving synaptic inputs from the 
motor cortex and the ratio of excitatory and inhibitory synaptic inputs were determined in intact 
and in animals immediately after unilateral lesion of SMC. Results demonstrate that in response 
to electric stimulation of one hemisphere neuronal responses were recorded bilaterally from 
cervical spinal cord. Motor evoked potentials (MEPs) form both forelimbs were present in 
response to the same stimulation, although ipsilateral responses required higher stimulation 
intensity. On the contralateral to stimulation side the majority of responses were EPSPs with 75.9 
± 0.8% out of all responses, 20.7 ± 0.7% of responses were being IPSPs and small number 3.3 ± 
0.4% of responses were mixed responses containing both IPSP and EPSP inputs. On the 
ipsilateral to stimulation side the distribution of recorded responses was different: number of 
recorded EPSPs was higher and number of IPSPs was lower compared to contralateral side (90.8 



± 0.1% for EPSP and 8.4 ± 0.1 % for IPSP). After unilateral acute lesion of SMC, neither MEPs 
nor the distribution of intracellularly recorded synaptic responses were significantly changed at 
the contralateral to stimulation (i.e. ipsilateral to injury) side. However, injury significantly 
affected both synaptic responses and MEPs recorded from the ipsilateral to stimulation (e.g. 
contralateral to injury) side. MEPs recorded from contralateral to injury forelimbs were 
diminished. Importantly neurons on the contralateral to the lesion side of the cord were still 
responsive to ipsilateral SMC stimulation; however number of these neurons was significantly 
decreased and the ratio of inhibitory vs excitatory inputs was changed. Inhibitory inputs were 
decreased compared to before injury. Spared ipsilateral projections to individual spinal neurons, 
which sustain after unilateral cortical lesions, is a novel observation. These projections are 
promising candidates for future research and strengthening of these projections may be a target 
for treatment development after TBI and stroke. 
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Abstract: More than 5 million Americans suffer from traumatic brain injury (TBI), resulting in 
an approximate social and medical management cost burden of over $800 million per year, 
however the cellular and molecular mechanisms that mediate recovery from TBI are poorly 
understood. We previously developed a penetrative brain injury model with a behavioral output 



using the visual system of Xenopus laevis. Focal ablation of part of the optic tectum in Xenopus 
tadpoles results in increased neurogenesis, however the extent to which newly born neurons are 
integrated into the tectal circuit, and their role in the circuit’s recovery are unclear. NMDA 
receptors (NMDARs) play an important role in synaptogenesis and network maturation in many 
systems. To test the requirement of NMDARs in new neuron integration and functional recovery 
in our injury model, we used pharmacological and molecular techniques to block GluN2B-
containing NMDARs. Using electrophysiology, we found that blockade of GluN2B with 
ifenprodil significantly impairs normal synaptogenesis. Using in vivo time-lapse imaging to 
evaluate the structural plasticity of individual optic tectal neurons, we found treatment with 
ifenprodil significantly reduced dendritic arbor elaboration. Injury to the optic tectum results in a 
quantifiable loss of visually-guided behavior in the Xenopus tadpole. Recovery of behavior takes 
5-7 days and is dependent on cell proliferation. We tested the requirement of GluN2B-containing 
NMDARs for behavioral recovery by using morpholinos to acutely knockdown GluN2B-
containing NMDARs. We found that loss of GluN2B significantly slowed the time course of 
behavioral recovery from injury. Our data indicate that GluN2B-mediated activity is required for 
normal integration of new neurons into the tectal network and is important for the recovery of 
circuit function after injury. 
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Abstract: TBI is a major clinical and social concern that contributes to one third of all injury 
related deaths in the US. Secondary mechanisms of injury in TBI, such as inflammation, are 
points at which intervention may improve functional recovery. Current treatment strategies for 
TBI are supportive, and the pathophysiology is not fully understood; however, evidence suggests 
that reactive oxygen species (ROS) and oxidative stress propagate blood-brain-barrier (BBB) 
hyperpermeability and inflammation following TBI. Such inflammation is associated with 
activated microglia that have been shown to persist for years after injury in the human brain. The 
novel use of endothelial-targeted catalase in TBI is hypothesized to quench ROS at their source 
to limit inflammatory activation and protect BBB function. Preliminary data demonstrates a 
consistent time dependent increase in vascular expression of endothelial ICAM-1 after TBI. To 
evaluate targeted antioxidant enzyme efficacy in TBI, catalase was conjugated to anti-ICAM-1 
antibodies and administered to 6wk old C57BL6 mice 30min after moderate controlled cortical 
impact injury. Results suggest that administration of catalase targeted to ICAM-1 reduces 
neuroinflammatory indices and BBB permeability. Specifically, the study of microglia in situ by 
multiphoton microscopy following TBI revealed that treatment with anti-ICAM-1/catalase 
attenuates microglia transition to an activated phenotype. These results demonstrate an effective 
proof-of-concept approach to acute TBI management that may also be applicable to other 
neuroinflammatory conditions. 
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Abstract: Nervous system is generally hard to regeneration, and the brain subjected to damages 
such as stroke and trauma results in loss of motor and/or sensory functions. It is also recognized 
that neonatal brain in infants often exhibits remarkably functional recovery even if they 
subjected to severe damages. However, it is unclear why the neonatal brain recover the neuronal 
functions. Here, we compared the differences of forelimb motor function, neuroanatomical 
recovery and gene expressions between infant and adult brain after left cerebral hemisuction. 
C57/BL6 strain infant (postnatal day7) and young adult (8-10 weeks) mice were subjected to left 
cerebral hemisuction under sevoflurane inhalation. Then, the mice were examined ladder 
walking test, which counted the slipping from ladder on forelimb, 4, 8, and 12 weeks later. After 
that, Fluoro-gold (FG), a retrograde neural tracer, was injected into the grey matter of right C5 - 
C6 vertebrae for histological evaluation. Another animals were removed the contralateral 
hemisphere 1 and 4 weeks after injury to survey their transcriptome with a 8 × 60 K mouse 
whole genome Agilent DNA chip. 
In the behavioral test, the neonatal brain hemisuction mice (NBH) gradually improved the 
walking in a time-dependent fashion although adult brain hemisuction one (ABH) did not. The 
percentages of the foot slip in NBH were significantly lesser than those in ABH at all time 
points. FG signals in the contralateral hemisphere well recognized in the forebrain area of 
neocortex and were greater in the NBH. The transcriptome analysis was determined that 193 and 
61 genes in NBH, and 1703 and 98 genes in ABH increased >1.5-fold at 1 and 4 weeks, 
respectively. Conversely, 990 and 2161 genes in NBH, and 2595 and 1022 genes in ABH 
decreased <0.75-fold, respectively. These results suggest that the brain in NBH was higher 
plasticity than that in ABH, and the compensatory neuronal projection from contralateral 
hemisphere might be important for the motor functional recovery. Now, we have been analyzing 
the genes that relate to the neuronal projection. 
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Title: Angiotensin receptor type 1 deficiency or inhibition improves outcome after experimental 
traumatic brain injury 
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Abstract: Angiotensin II receptor type 1 (ATR1) mediates vasoconstriction, and its inhibition 
has been widely used to treat hypertension; however, recent work has suggested that it may also 
modulate apoptosis, and neuroinflammation. Thus, treatment with already available ATR1 
blockers may have additional neuroprotective value. We explored the contribution of ATR1 to 
neuroprotection and brain hemorrhage in a model of TBI. Male, wildtype (Wt) and ATR1 
knockout (Ko) mice were subjected to TBI using controlled cortical impact (CCI). Sensorimotor 
function (adhesive removal & elevated body swing tests), brain hemorrhage and lesion size were 
assessed out to 14d post insult. Wt mice were also treated with an ATR1 inhibitor (candesartan, 
0.1mg/kg IP). ATR1 deficient mice were protected from CCI as evidenced by decreased lesion 
volumes (decreases of ~40% in lesion size amongst Ko mice, n=6/group, p<0.05), improved 
neurobehavioral outcomes (n=6/group, p<0.05) and fewer activated microglia in Ko mice 
(p<0.05). This was also associated with decreased TNF-alpha and IL-6 cytokine expression 
relative to Wt. Further, the ATR1Ko mice suffered less brain hemorrhage (p<0.05) and this was 
correlated to reduced MMP-9 expression (p<0.01). Candesartan similarly protected against brain 
injury, brain hemorrhage and improved neurological outcome out to 14 days post CCI 
(n=6/group, p<0.05). Candesartan, while often used to treat hypertension in humans, did not 
reduce blood pressure in mice at the dose studied. These data are consistent with the notion that 
ATR1 contributes negatively to traumatic brain injury, and its inhibition or deficiency leads to 
improved outcomes and decreased immune responses. Considering the clinical availability of 
ATR1 inhibitors, this approach may be a promising novel therapeutic target against TBI and 
related conditions. 
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Abstract: Mild traumatic brain injuries (mild TBIs) comprise over seventy-five percent of head 
traumas in the United States each year, and usually occur in settings of stress (sports, warfare, 
domestic violence, etc.). Symptoms can persist for weeks, months or even years in some victims, 
and can include memory difficulties, mood changes, and often generalized anxiety. Both males 
and females are at risk for mild TBI, but differential outcomes have been observed between 
males, naturally cycling females, and females taking hormonal contraceptives. Women using 
pharmacological doses of estradiol and progesterone were found in a 2013 study to experience 
fewer negative symptoms after injury than women who did not, as well as fewer than males. Our 
study utilized a rat model to explore the mechanisms behind this sex difference, and any 
potential benefits ovarian hormones may offer for concussion victims. Male and naturally-
cycling female adult rats received a mild TBI via a weight drop mechanism, immediately 
following an episode of social defeat. This model of paired stress with injury effectively mimics 
the neurological environment in which most mild TBIs occur. Following assessment of anxiety-
like behavior (elevated plus maze, EPM), perfused brains were taken and labeled using 
immunocytochemistry for serotonin, dopamine and GABA receptors. These neurotransmitters 
are known to be responsive to changes both in estradiol and progesterone levels. It was found 
that male rats reliably experience anxiety symptoms following mild TBI, but only females in the 
diestrus phase of their estrus cycle on the day of testing replicate this. Females in metestrus, 
estrus and proestrus appear protected, and spend similar times in the EPM open arms to those of 
uninjured controls. Mechanisms underlying this behavior may involve interactions between 
ovarian sex hormones and monoamine receptors in the brain. Recognizing this connection and 
the potential for therapeutic benefit, progesterone (4mg/kg) was administered 3 hours following 
injury, and then once per day for 5 days afterward. Progesterone treatment did not improve 
anxiety-like behavior of male rats exposed to mild TBI, suggesting that while progesterone might 
be protective in females, it may not restore psychosocial symptoms following mild TBI in males. 
Future work should test different combinations and timings of ovarian sex steroids to determine 
whether these can prevent psychosocial symptoms from developing following mild TBI in males 
and females. 
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Abstract: Traumatic brain injury (TBI) is a common event occurring in civilian and military 
environments as a result of falls, full contact sports, automobile accidents, acts of violence and 
shockwaves generated by the detonation of high explosives. Primary brain injury includes brain 
tissue deformation and/or damage. Secondary brain injury involves neuronal excitotoxicity, 
oxidative stress and inflammatory processes. Currently there is no FDA approved drug for the 
management of secondary injury events following TBI. Our prior work described cellular and 
behavioral benefits and reversals of numerous TBI-induced hippocampal gene expressions by the 
glucagon-like peptide-1 (GLP-1) receptor agonist exendin-4 in both concussive and blast TBI. 
Here we describe the actions of a sustained release form of exendin-4 (PT302) on TBI-induced 
behavioral deficits in a closed head weight drop model of TBI. Concussive mild TBI (mTBI) was 
induced by dropping a 30 g weight from a height of 80 cm onto the heads of anesthetized male 
mice. Sub-sets of mice were administered a single subcutaneous administration of PT302 (0.024, 
0.12 and 0.6 mg/kg) 1 hr after TBI. Pharmacokinetic studies illustrated sustained plasma 
Exendin-4 levels, biphasically peaking at 2 hr and then 14 days following PT302 dosing, which 
matched levels observed in human subjects. Assessment of cognitive and anxiety-like behavior 
was undertaken 7 days post-injury using the Novel Object Recognition, Y-maze and Elevated 
Plus Maze paradigms. In mTBI+vehicle animals, cognitive deficits were observed while PT302 
treatment 1 hr post-injury ameliorated these TBI-induced impairments. Further studies are 
evaluating dose-dependence and optimization to support the clinical evaluation of PT302 in 
human TBI. 
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Abstract: Revealing the cellular and molecular pathways underlying neuronal cell death and 
degeneration after traumatic brain injury (TBI) is critical to identifying novel therapeutics. 
Eph/Ephrin family members are repulsive to process outgrowth and inhibiting Eph function or 
expression enhances recovery after spinal cord injury. However, whether blocking Eph receptors 
signaling promotes regeneration after TBI has not been explored. Our data demonstrate that 
EphA6 receptor is expressed in the adult brain and is upregulated in the hippocampus following 
the lateral fluid percussion (LFP) model of TBI. In uninjured EphA6 knockout (KO) mice, 
neurons grow abnormally exuberant processes, suggesting that EphA6 normally restricts growth 
of axons and dendrites. In the current study, we have used EphA6 KO mice to examine cellular 
and behavioral recovery following LFP injury in adult male mice. We have demonstrated that 
EphA6 KO mice have significantly less neuronal cell death and glial scarring following LFP 
compared to wildtype (WT) animals as indicated by activated caspase-3 and GFAP 
immunohistochemistry, respectively. Using EphA6 KO mice crossed to transgenic Thy1-YFP 
mice to visualize axons, we have determined that the absence of EphA6 signaling enhances 
regeneration in the cortex. For a more clinically relevant treatment paradigm, we have used 
soluble antagonist EphA6-Fc or control IgG administered to cortex of WT mice via mini-osmotic 
pumps for 7 d following LFP. EphA6-Fc treated mice exhibited less cell death and degeneration 
as demonstrated by FluorojadeC staining relative to IgG treated mice. The mice given EphA6-Fc 
also had a longer latency to fall on the rotarod 21 d after injury indicating improved motor 



function compared to control mice. One ligand for the EphA6 receptor is Ephrin-A5 and there is 
high expression of Ephrin-A5 in the hippocampus and cortex of adult mice. We have shown that 
clustered Ephrin-A5 is also inhibitory to process outgrowth in vitro. Furthermore our studies 
indicate that a protein phosphotyrosine phosphatase inhibitor can rescue growth cone collapse 
induced by clustered Ephrin-A5. This compound is currently being tested in vivo to determine if 
it can mimic the effects of the EphA6 KO and EphA6-Fc on cell death and motor function. We 
are also using clustered EphrinA5-Fc, which acts as an agonist to the EphA6 receptor to see if 
there are exacerbated cellular and behavioral outcomes after LFP. Together these studies will 
yield insights into the role of Eph/Ephrin pathways in injury and demonstrate the therapeutic 
potential of intervention of EphA6 signaling via Fc fusion proteins and pharmacological agents 
for the treatment of TBI. 
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Abstract: Distal injury of long pyramidal tracts remodels cortical circuitry and leads to 
enhanced neuronal excitability, thus influencing recovery following injury. The neuron-specific 
contributions to this retrograde injury-induced hyper-excitability remain unclear due to the 
complex cellular composition and connectivity of the CNS. We developed a novel microfluidics-
based in vitro model system to examine intrinsic synaptic remodeling following distal axotomy 



of long projection pyramidal neurons. We found that distal axotomy of rat pyramidal neurons 
caused dendritic spine loss at synapses onto the injured neurons followed by a delayed and 
persistent retrograde trans-synaptic enhancement in presynaptic excitability. Further, this hyper-
excitability involved the specific elimination of inhibitory presynaptic terminals formed onto 
dendritic spines. We found that these changes required differential gene expression and axotomy 
decreased mRNA expression of the secreted factor netrin-1 coinciding with spine loss. 
Exogenous netrin-1 applied two days after injury normalized this presynaptic hyper-excitability 
and restored the fraction of inhibitory inputs onto injured neurons. These findings provide new 
insights of neuron-specific mechanisms that contribute to synaptic remodeling and demonstrate a 
novel model system for studying the response of pyramidal circuitry to axotomy. 
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Abstract: Neural stem cells (NSCs) hold promise to promote brain repair by replacing lost cells 
and/or interacting with host cells to modulate the immune response and stimulate endogenous 
regenerative capacity. Transplantation strategies are challenging for traumatic brain injury (TBI) 
due to diffuse rather than focal lesions. Therefore, an intracerebroventricular delivery route may 
be advantageous in TBI patients, and designed via external ventricular drains implanted to 
control intracranial pressure. To test this concept, NSCs were isolated from adult mouse 
subventricular zone (SVZ) and transplanted into the lateral ventricle of adult mice at two weeks 
post-TBI (subacute stage) followed by analysis at four weeks post-TBI. TBI produced reactive 



astrogliosis and microglial activation in the corpus callosum (CC) that was significantly reduced 
by NSC transplantation. We then examined in vivo activation of the Sonic hedgehog (Shh) 
pathway. Shh has important regenerative roles and Gli1 transcription is an effective readout for 
canonical Shh signaling. Mouse reporter lines were generated for induced genetic fluorescent 
labeling of cells actively transcribing Shh or Gli1 in vivo. Transplanted NSCs from 
ShhCreERT2:RosamTmG mice showed rare Shh expression in vivo. In host 
ShhCreERT2:RosaTdTomato mice, Shh was primarily expressed in neurons, including CC 
axons. TBI did not induce Shh expression in reactive astrocytes or microglia. 
Gli1CreERT2:RosaTdTomato host mice demonstrated only rare Shh activation in CC cells, even 
after TBI or NSC transplantation. Additionally, NSC transplantation did not activate Shh 
signaling in host SVZ cells. Therefore, intracerebroventricular NSC transplantation in subacute 
stage TBI did not stimulate Shh-mediated regeneration yet did significantly suppress 
neuroinflammation. 
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Abstract: Each year about 1.5 million people in the United States and 2.5 million in Europe 
suffer traumatic brain injury (TBI). Life-compromising functional impairments develop in about 
43% of injured patients. These impairments can result in several dentate gyrus-regulated 
disabilities, including memory impairment, depression, and epilepsy. The progression of post-
TBI secondary pathology and the evolution of impairments can continue for months. Almost 
nothing, however, is known about the chronic molecular changes after TBI, and their potential as 
treatment targets. The present study tested the hypothesis that chronic transcriptional alterations 
after TBI are under micro RNA (miRNA) control. Expression of miRNAs and their target 
mRNAs in the dentate gyrus was analyzed using microarrays at 3 months after TBI induced by 
lateral fluid-percussion injury in adult male Sprague-Dawley rats. Altogether 654 genes were 
upregulated and 212 downregulated (p<0.05). Of 305 miRNAs present on the miRNA-array, 12 
were downregulated (p<0.05). In parallel, 75 of their target genes were upregulated (p<0.05). A 
bioinformatics analysis of miRNA targets highlighted the dysregulation of the transcription 
factor NOTCH1 and 39 of its target genes (NOTCH1 interactome). Spearman Rank analysis 
showed a correlation between miRNA downregulation and the upregulation of Notch1. 
Validation assays confirmed dysregulation of the NOTCH1 interactome, including 
downregulation of miR-139-5p, upregulation of Notch1 and its activated protein form (NICD), 
and positive enrichment of NOTCH1 target gene expression in the microarray dataset. These 
findings demonstrate that miRNA-based interventions targeting the NOTCH1 interactome have 
therapeutic potential against dentate gyrus pathology-related morbidities, even in the chronic 
post-TBI period. 
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Abstract: Experimental models of traumatic brain injury (TBI) reproduce cognitive impairments 
and secondary injury sequela reported in TBI patients. Our previous work suggests that 
reductions in the soluble N-ethylmaleimide-sensitive factor attachment protein receptor 
(SNARE) complex, the machinery facilitating vesicular fusion, contribute to impaired 
neurotransmitter release. TBI significantly reduces cysteine-string protein α (CSPα), an 
important chaperone protein that facilitates SNARE complex formation. Lithium treatment in 
naïve rats reportedly increases expression of CSPα. Lithium-treated TBI-injured rats exhibit 
improved outcome, but the mechanisms mediating the improvement have not been elucidated. 
The objective of this study was to evaluate the effect of lithium on SNARE protein abundance, 
evoked striatal neurotransmission, cortical contusion volume, and neurobehavioral function after 
controlled cortical impact (CCI). Sprague-Dawley rats received CCI (2.7mm) or sham injury, 
and injected daily (i.p.) with vehicle or 1.0mmol/kg/ml lithium chloride for up to 14d, beginning 
5 minutes post-injury. The brains were dissected at 1, 3, 7, 14d post-injury and processed as 
whole cell or synaptosomal lysates for immunoblotting (n=6/group). Evoked-dopamine release 
was evaluated using microdialysis at 7d post-injury (n=6-7/group). Lesion volume was assessed 
at 14d post-injury (n=6/group). Cognitive function was assessed at 10-14d post-injury (n=14-
16/group). Lithium significantly attenuated CCI-induced reductions in CSPα and SNARE 
complexes at multiple time points. Assessment of contusion volume revealed that lithium did not 
reduce cortical cell loss. At 7d post-injury, lithium significantly improved striatal high-potassium 
evoked dopamine release. Lithium significantly improved Morris water Maze acquisition and 
probe trial performance. Taken together, lithium improves SNARE protein abundance, 
neurotransmission, and cognitive performance following TBI. These findings highlight that 
lithium increased the abundance of important synaptic proteins that facilitate neurotransmission 
and promoted functional recovery after TBI. 
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Abstract: Rationale: The mechanisms of cytotoxic edema remain unclear. We investigated the 
relationship between acute neuronal necrosis and secondary neuronal injury and swelling in 
neighboring neurons.  We studied how acute necrosis of a single neuron affected the chloride 
concentration in the cytoplasm of surrounding neurons. Methods: We used two photon 
microscopy and the transgenically-expressed chloride fluorophore Clomeleon to explore 
consequences of death of a neighboring neuron on the intraneuronal chloride ([Cl-]i) in 
hippocampal pyramidal cells in organotypic slice cultures. Two photon laser irradiation to the 
soma of single CA1 pyramidal neuron exclusively lysed the targeted cell. Cell damage was 
assessed by morphological changes as well as caspase activation using FLICA staining. Results: 
Lysis of the target neuron was followed by an immediate [Cl-] increase in surrounding neurons; 
sub-lytic radiation had no effect on neighbors. The time course of [Cl-]i elevation differed from 
neuron to neuron, with some neurons exhibiting large increases that persisted over 60 minutes 
concomitant with caspase activation. The [Cl-]i increase and subsequent cell damage was 
exclusively triggered by ionic influx because they were never observed under the perfusion of 
NaCl free solution. When extracellular NaCl was replaced by Nagluconate, lysis of the target 
neuron did not cause [Cl-]i increase or swelling of neighbors, although caspase was activated in 
cells near the target. In contrast, low Na+, high Cl- solutions or NaCl + kynurenic acid had only 
modest effects on post-lytic [Cl-]i increase in neighbors. These results highlight the critical role 
of Cl- influx for cytotoxic cell swelling and damage after nearby neuronal lysis. The influx 
pathway of Cl- is still being elucidated. Pharmacological blockade of GABAA receptor, cation-
chloride co- transporters, and Cl- channels including sulfate transporters did not reduce the [Cl-]i 
increase. The Cl- channel blockers NPPB and DIDS actually increased neighboring neurons’ [Cl-

]i increase and cell volume. Conclusion: This novel, readily-studied model demonstrates that 
cytotoxic edema and injury can occur as purely secondary phenomena in initially 
uncompromised neurons after acute brain injury. Pharmacological results indicate that swelling 



occurs via Cl- influx pathways that are distinct from known Cl- channels or transporters. Ion 
substitution experiments indicate that [Cl-]i increase is independent of Na+ influx, suggesting that 
the counter ion may be potassium. We will continue to utilize this model to explore mechanisms 
of cytotoxic edema in hopes of developing new therapeutic approaches. 
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Abstract: Several lines of evidence has shown that the prolonged activation of the classic pro-
inflammatory (M1) phenotype of microglia may facilitate brain injury progression, and is 
critically involved in the secondary injury following traumatic brain injury (TBI). Therefore, 
therapies targeted to skew the microglia polarization toward an alternative, anti-inflammatory 
(M2) phenotype could provide a potential new therapeutic opportunity for treatment of the 
injured brain. In the present study, we demonstrated that NADPH oxidase 2 (NOX2) is elevated 
at 4- and 7-day post TBI in the murine model of controlled cortical impact. To elucidate the role 
of NOX2 in the regulation of microglia polarization dynamics after TBI, RT-PCR, 
immunofluorescence staining and flow cytometry for M1 and M2 markers were performed using 
brain samples collected from wild-type (WT), NOX2-knock out (NOX2-KO), and NOX 
inhibitor (apocynin)-treated mice following TBI. Our results revealed that at 4- and 7-day post 
TBI, the NOX2-KO and apocynin-treated mouse brain showed an increase of the anti-
inflammatory M2-like microglia and a corresponding decrease of the pro-inflammatory M1-like 
microglia in the cortex, as compared to the WT vehicle treated animals. In addition, the NOX2-
KO and apocynin-treated mice displayed marked down-regulation of the classical NF-κB 
pathway in microglia, and reduced production of pro-inflammatory cytokines, TNF-α and IL-1β 
at 4 and 7-day after TBI. Using an in-vitro microglia and primary neuron co-cultures system, we 



found that microglia from the brain of adult mice at 7-days after TBI show much higher 
neurotoxicity than the microglia from control and sham mice. Furthermore, the neurotoxicity of 
microglia from NOX2-KO and apocynin-treated mice is significantly decreased compared with 
that from WT vehicle-treated mice. Altogether, our results indicate a key role of NADPH 
oxidase and the NF-κB pathway in regulating the polarization dynamics of microglia and their 
neuronal toxicity after TBI, and suggest that targeting NADPH oxidase and the NF-κB pathway 
may be an effective way to ameliorate inflammation and improve outcome following TBI. 
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Abstract: Traumatic brain injury (TBI) is a leading cause of death in Europe and the US and a 
challenge to develop new strategies for therapeutical treatments. Processes of functional 
reorganization and adaptation of neurons following TBI are still not fully understood. The 
present study evaluated the effects of an unilateral TBI on long-term synaptic plasticity at the 
border of the lesion after a survival time of 1-2 days in the ipsilateral and contralateral 
hemisphere. In parallel, we studied protein homeostasis post-TBI by evaluating changes in 
protein degradation systems. TBI was induced by a controlled cortical impact (CCI) in 
somatosensory cortex of anaesthetized mice (P18-P21). Acute brain slices of the somatosensory 
cortex were prepared after a survival time of 1-2 days. A perforated 32 channel-multielectrode 
array (pMEA) system was used to stimulate and record extracellular field potentials (FPs) in 
acute brain slices. Late long-term potentiation (L-LTP) was induced by theta-burst-stimulation 



(TBS) and recorded for 3 hours. Immunohistochemistry and Western blots were performed to 
evaluate alterations in the expression of specific autophagic marker proteins LC3, p62 and 
BAG3. The autophagic flux was measured by incubating acute brain slices with the lysosomal 
blocker chloroquine and subsequent detection of accumulated LC3II. We also tested the 
proteasomal activity as well as the expression of plasticity-related proteins (PRP). The MEA 
recordings revealed a strongly impaired L-LTP in the ipsilateral cortex at 1-2 days post-lesion 
compared to sham-operated controls. L-LTP was not affected in the homotopic area of the 
contralateral hemisphere. Interestingly, the expression of PRPs (CaMKIIα) was significantly 
reduced in the ipsilateral hemisphere of TBI animals. In parallel we observed an increased 
autophagic flux and a reduced proteasome activity in the ipsilateral hemisphere. Interestingly, 
FPs recorded with the pMEA in untreated control mice and in presence of autophagy activators 
(rapamycin) and/or blockers of protein degradation pathways (MG132) mimicked the missing L-
LTP of TBI treated animals. These data indicate that TBI in somatosensory cortex impairs L-
LTP after 1-2 days, and it is associated with a dysregulation in the expression of CaMKIIα and 
an altered activity of protein degradation systems. Our pharmacological experiments indicate that 
the homeostatic regulation of the somatosensory cortex after TBI by the bilateral change in the 
activity of autophagy and proteasome pathways could mediate the altered L-LTP following TBI. 
This could be an important adaptive mechanism for functional recovery of the brain after a focal 
cortical injury. 
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Abstract: Traumatic brain injury (TBI) is one of the major causes of disability in the United 
States. It occurs when external mechanical forces induce brain damage as a result of impact, 
penetration, and/or rapid acceleration/deceleration that cause deformation of brain tissue. TBI is 
also associated with alterations of the blood-brain barrier (BBB), a structure that protects brain 
tissue from substances circulating in the blood. The BBB consists mainly of brain endothelial 
cells (BECs). Due to the high incidence and drastic consequences of TBI, it is important to 
understand the critical events that accompany damage in order to develop effective treatment 
approaches. Using primary rat BECs as an in vitro BBB model, the effects of two different types 
of stretch that mimic aspects of TBI at 0, 5, 10 and 15% perturbation were characterized. 
Deformation due to biaxial stretch (BS) was achieved by infusing pressurized gas into flexible 
bottom culture plates using a commercially available system. Deformation due to uniaxial high-
speed stretch (HSS) was achieved by moving a linear actuator, coupled to a 
polydimethylsiloxane chip on top of a silicone membrane at a strain rate of 100 s-1. Live/dead 
cells, LDH release, caspase 3/7 staining and nitric oxide (NO) production were evaluated 24 
hours after a single stretch episode. BS affected the BECs under all conditions tested, inducing a 
deformation-dependent decrease in NO production, increase in LDH release, cell death and 
activation of caspase 3/7, suggesting the induction of apoptosis. On the other hand, HSS 
increased LDH release only at 15% stretch and increased cell death and caspase 3/7 at 10 and 
15% stretch. In summary, some of the events that occur in the BBB after TBI were successfully 
replicated in vitro using BS and HSS and the severity of the TBI produced in vitro depends on 
the degree and orientation of cellular deformation. These data support the use of BS and HSS as 
valuable tools in the study of TBI in vitro by defining stretch intensities. This method may also 
be useful in evaluating potential drug treatments for this condition. 
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Abstract: Reorganization of the residual neuronal circuits is the key for the poststroke recovery, 
and it can be promoted by intensive rehabilitation. We reported that forced impaired limb use 
(FLU) increased the sprouting of the cortico-rubral tract after intracerebral hemorrhage (ICH) 
that was responsible for the recovered forelimb functions by FLU (Ishida et al., J. Neurosci 
2016). However, it is still unclear whether the cortico-rubral tract is involved in the relearning of 
forelimb functions. In the present study, we investigated the role of the cortico-rubral tract during 
the period of rehabilitation after ICH in rats. 
To block the cortico-rubral pathway during rehabilitation, adult male Wistar rats were injected 
with two viral vectors: lentivirus vector (NeuRet-TRE-EGFP.eTeNT) was injected into the 
unilateral red nucleus and adeno-associated virus vector (AAVdj-CaMKII-rtTAV16) was into 
the ipsilateral motor cortex. Thus, synaptic transmission of the double-infected cortical neurons 
could be selectively blocked by doxycycline (DOX) administration. Four weeks after the virus 
injections, ICH was made by collagenase injection into the internal capsule ipsilateral to virus 
injections. 
Half of ICH rats were forced to use their impaired forelimb by one-sleeve cast (FLU) for 7 days 
from 24 hours after ICH. To block synaptic transmission in the cortico-rubral tract, DOX was 
orally administered for all rats during FLU. Skilled reaching task was conducted as behavioral 
assessment for forelimb use at 10-12 and 26-28 days after ICH. 
All rats with ICH demonstrated severe impairment of motor function at 24 hours after the lesion. 
At 10-12 days after the lesion, ICH group without FLU still showed apparent impairment of 
reaching function. FLU-treated ICH group exhibited substantial recovery of forelimb function. 
This FLU effect on functional recovery after ICH was not affected by DOX administration 
during rehabilitation (FLU). 
Data indicate that selective blockade of the cortico-rubral tract during FLU did not affect the 
regain of the forelimb function in an acute phase after ICH, suggesting the compensative 
recruitment of other descending tract such as cortico-reticulo-spinal pathway rather than the 
cortico-rubral tract. 
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Abstract: Traumatic brain injury (TBI) is common in contact sport athletes and blast-exposed 
veterans. Repetitive mild TBI (rmTBI) or even single moderate/severe TBI (ssTBI) is associated 
with neuropsychiatric symptoms and cognitive disability, which can cause chronic traumatic 
encephalopathy (CTE), or increase Alzheimer’s (AD) risk, but no treatment is available. 
Extensive tangles made of phosphorylated tau (p-tau) are identified in CTE brains, similar to 
tauopathy in AD. Since known tau pathologies are not obvious acutely after closed head TBI, 
whether tauopathy is an end result or early driver of TBI pathology is unclear. Establishing the 
early role of tau after TBI could result in new treatments, especially since tauopathy spreads and 
is reduced by tau immunotherapy. cis, but not trans, p-tau is an early pathogenic conformation in 
AD, but its role in TBI is unknown. Here we identify cis p-tau as an early central mediator of 
brain injury after closed head TBI that is effectively stopped by antibody (Kondo et al., 2015, 
Nature 523: 431-6). We find robust cis, but not trans, p-tau in sport- and military-related human 
CTE brains and their TBI mouse models. Upon stress in vitro, neurons robustly produce cis p-



tau, which disrupts the microtubule network, interrupts mitochondrial transport in neurites, 
spreads to other neurons, and leads to massive apoptosis. This process, termed “cistauosis”, is 
effectively blocked by cis p-tau antibody (mAb), but amplified by trans mAb. In mouse models, 
ssTBI or rmTBI causes strong and persistent induction of cis p-tau induction within 12-24 h 
post-injury, leading to cistauosis in brains. Treating mice with cis mAb after ssTBI effectively 
prevents induction of cis p-tau and cistauosis, and also fully reverses TBI-related anxiety/risk-
taking behavior. Thus cis p-tau appears to be an early driver of brain injury and tauopathy after 
TBI, but is effectively blocked by mAb. These insights indicate a novel disease mechanism and a 
potential new therapy for TBI. 
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Title: Injury leads to the appearance of cells with molecular characteristics of both astrocytes 
and microglia in mouse and human brain 
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Abstract: Microglia perform many functions in healthy and diseased brain, ranging from 
maintenance of homeostasis and regulation of neural plasticity to trophic support and 
neuroprotection. Although experimental evidence suggests that microglia are not a homogenous 



cell population, the knowledge about their functional diversity and its molecular basis is limited. 
We used single-cell gene expression profiling of freshly isolated cells from uninjured mouse 
hippocampus and hippocampus after partial deafferentation to assess the heterogeneity of 
microglia/monocytes and determine their response to injury. We found that in individual cells, 
microglial markers Cx3cr1, Aif1, Itgam and Cd68 were co-expressed. In the absence of injury, 
Cx3cr1 and the astrocyte marker Gfap were expressed in two non-overlapping populations of 
cells. Injury led to the co-expression of these markers both in the injured and contralesional 
hippocampus. Exposure to lipopolysaccharide (LPS) increased the fraction of cultured cells co-
expressing Cx3cr1 and Gfap. Cells co-expressing astrocyte and microglia markers were also 
detected in sections from human brain affected by stroke, Alzheimer’s disease and Lewy body 
dementia. Our findings indicate that injury and chronic neurodegeneration lead to the appearance 
of cells that share molecular characteristics of both microglia and astrocytes, two cell types with 
different embryologic origin. 
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Abstract: Traumatic brain injury (TBI) remains one of the major causes of death and disability. 
Due to the heterogeneity of its causes, the events that occur after TBI can be quite varied and are 
not well understood. Regardless of the cause, deformation of the brain tissue leads to neuronal 
and glial cell death as well as other cellular and molecular responses. Understanding the 



subsequent events followed by TBI is extremely important for development of therapeutic 
approaches. The use of in vitro systems allows for the study of specific aspects of TBI. The aim 
of this study was to characterize the effects of TBI on rat astrocytes using two different in vitro 
membrane perturbation systems at 0, 5, 10 and 15% deformation. TBI was simulated by biaxial 
stretch (BS) of astrocytic cellular matrices in vitro by infusing pressurized gas onto flexible 
bottom culture plates using a commercially available system. Deformation due to uniaxial high-
speed stretch (HSS) was achieved by moving a linear actuator, coupled to a 
polydimethylsiloxane chip on top of a silicone membrane at a strain rate of 100 s-1. Live/dead 
cells, LDH release, caspase 3/7 staining and nitric oxide (NO) production were evaluated 24 
hours after a single stretch injury. BS induced an increase in LDH release, cell death and 
activation of caspase 3/7 at 10 and 15% stretch, without changes in NO production. HSS 
increased LDH release, cell death and caspase 3/7 only at 15% stretch, suggesting that the 
damage induced by BS is achieved at lower percentages of stretch than that induced by HSS. In 
summary, we have demonstrated that BS and HSS can be used as models to study the effects of 
TBI on astrocyte viability in vitro. Further experiments are underway to evaluate the effects of 
TBI-like cellular perturbation on astrocyte metabolism and activation and the impact that these 
events may have on different brain cell types. 
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CGS21680 against severe traumatic brain injury in mice 
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Abstract: The adenosine A2A receptor (A2AR) is commonly believed to play an anti-
inflammatory role. However, our previous work on moderate traumatic brain injury (TBI) in 
mice showed that only in the presence of low concentrations of glutamate can the A2AR agonist 
CGS21680 exert neuroprotective effects, and high concentration of local glutamate switches the 
effects of A2AR activation from anti-inflammatory and neuroprotective to deleterious. While in 
a severe traumatic brain injury model, the glutamate levels in the cerebrospinal fluid (CSF) 
maintained at a high level within 24h. Therefore, there was not a time window to treat the mice 
with CGS21680 to protect them from brain damage. In the present study we investigated the 
effects of glutamate scavenger oxaloacetate (OX) combining CGS21680 treatment against severe 
TBI. Mice were treated with OX intravenously at 1h after severe TBI. The glutamate levels in 
CSF decreased from 5.707 times to control group to 2.45 times to it at 5h post TBI, and at this 
time point mice were injected intraperitoneally with CGS21680. At 24h after TBI, nuerological 
deficit, brain edema and the proinflammatory cytokine TNF-α and IL-1β production were 
attenuated significantly in OX combining CGS21680 treated mice. Next, to investigate whether 
the combined treatment is available when CSF glutamate levels were higher and brain insult has 
been progressed, we treated mice with OX intravenously at 8h after TBI. At 12h after TBI, when 
the glutamate levels in CSF decreased from 9.377 times to control group to 3.96 times to it, mice 
were administrated with CGS21680 by i.p. injection. The above brain damages at 24h post TBI 
were also attenuated in the combined treatment group. Furthermore, the combined treatment 
exhibited better therapeutic effect than single oxaloacetate treatment did. Taken together, our 
results demonstrated that A2AR agonist CGS21680 treatment may exert neuroprotective effect 
against sever TBI when the CSF glutamate level decreased to the range of 2.45 to 3.96 times of 
that in control group by the impact of OX. Furthermore, no matter the injuries were in early stage 
or has been progressed, CGS21680 could perform a neuroprotective role, provided the glutamate 
were maintained at this level by the application of OX, and the protective effects preceded that of 
oxaloacetate treatment along. The results not only provided a potential therapeutic strategy for 
the treatment of severe TBI, but also proved the hypothesis that local glutamate levels in the 
brain dictates the A2AR effects on brain damage outcome. 
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Abstract: Traumatic brain injury (TBI) is one of the leading global health issues and has 
affected at least 10 million people worldwide every year. TBI has placed a tremendous financial 
burden on the National Healthcare System, the TBI patients and the caring family members. 
Although lots of efforts have been devoted to the TBI research, there are still no effective 
therapeutic treatments for TBI. Previous studies have shown that 2,3,5,4’-tetrahydroxystilbene-2-
O-beta-D-glucoside (THSG) exerts a protective effect on rat hippocampal neurons against 
staurosporine-induced neurotoxicity. It has also been reported that THSG inhibits doxorubicin-
induced cardiotoxicity via suppression of the reactive oxygen species (ROS) production and the 
apoptotic signaling. However, the effect of THSG on TBI remains unclear. In this study, we test 
the hypothesis that THSG attenuates the degree of TBI. We induced TBI on one side of the brain 
using the cortical impactor and then administered THSG (30 mg/kg, ip.) or vehicle to mice 
immediately and 12 hr after TBI. Animals were sacrificed 24 hr following TBI. The injured brain 
and the intact brain were harvested separately and then protein was extracted and processed for 
the evaluation of p53 and CRMP-2 using the western blotting technique. Our preliminary results 
showed that TBI induced the expression of p53 and promoted the cleavage of CRMP2. 
Application of THSG significantly reduced TBI-induced expression of p53 and the cleavage of 
CRMP2 (p < 0.05). These findings indicate that THSG exerts a beneficial effect on TBI animals 
and strongly suggest that THSG has a great potential to become a novel and effective treatment 
for TBI patients. 

Disclosures:  Y. Chen: None. L. Yang: None. 



Poster 

611. Trauma Mechanisms and Therapeutic Strategies 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 611.27/FF2 

Topic: C.09. Brain Injury and Trauma 

Support: NIH 1DP2CA195763-01 

Title: In vitro exosome trafficking across the blood-brain barrier 

Authors: *C. CHEN1,2,3,4, C. WONG1,2,3,4, L. LIU1,2,3,4, W. ZHAO1,2,3,4;  
2Dept. of Pharmaceut. Sci., 3Dept. of Biomed. Engin., 4Sue and Bill Gross Stem Cell Res. Ctr., 
1Univ. of California, Irvine, Irvine, CA 

Abstract: Therapeutic delivery to the central nervous system (CNS) remains a major challenge 
in the treatment of neurological disorders. This is partly due to the presence of the blood-brain 
barrier (BBB), a dynamic interface that restricts and controls the passage of substances between 
the peripheral vascular circulation and the CNS. Different nanocarrier strategies have been 
explored to improve delivery of therapeutic agents across the BBB. Recent studies have shown 
that cell-derived vesicles, particularly exosomes, are increasingly recognized as an attractive 
vehicle for targeting drugs to the brain. However, whether or how they cross the BBB remains to 
be fully elucidated. Here, we investigated exosome trafficking in brain microvascular endothelial 
cells (BMECs) in vitro under conditions that mimic the healthy and inflamed BBB in vivo. 
Exosomes were engineered to carry Gaussia luciferase (Gluc) and Transwell assays were 
employed to study exosome trafficking in vitro. Results suggested that luciferase-carrying 
exosomes can cross a BMEC monolayer under stroke-like, inflamed conditions (TNF-α 
activated) but not under healthy conditions (p < 0.05). Confocal microscopy demonstrated that 
exosomes are internalized by BMECs through clathrin-mediated and caveolae-dependent 
endocytosis, co-localize with early and late endosomes, and are partly exocytosed across the 
BMECs, in effect primarily utilizing the transcellular route of crossing. Furthermore, 
approximately one third of the total crossing of the BMECs was due to the paracellular route of 
passive diffusion through intercellular junctions between BMECs treated with TNF-α. Taken 
together, these results indicate that cell-derived exosomes can cross the BBB model under 
stroke-like conditions in vitro, and this system can be used to examine whether or not exosomes 
can be utilized to deliver therapeutic agents to specific regions of the injured brain. Our study 
provides insights for further development of engineered exosomes as drug delivery vehicles or 
tracking tools for treating or monitoring brain diseases in the near future. (Supported by NIH 
1DP2CA195763-01) 
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Abstract: The bacterial exoenzyme C3 transferase (C3) is a promising therapy for 
neuroprotection and axon regeneration. However, effects are limited by C3’s short duration of 
action and poor distribution to injured neurons. To address this issue, adeno-associated viral 
(AAV) vectors tagged with green fluorescent protein (GFP) were engineered to express an 
endogenous (e) and a secretable/permeable (sp) C3 to allow for long-term and widespread 
distribution of the C3 protein. C3 gene therapy was delivered via intravitreous injection in the rat 
optic nerve crush (ONC) injury model. Rats were treated with AAV-eC3GFP or AAV-spC3GFP, 
or served as controls receiving AAV-eGFP, AAV-spGFP, vehicle alone, or no intervention. At 4 
or 8 weeks, RGC survival was quantified following immunostaining of the retina with an RGC-
specific Brn3a antibody. The optic nerve was labeled with the anterograde tracer, cholera toxin 
subunit B, and underwent tissue clearance to allow detailed visualization of the trajectories of 
regenerating axons through the whole optic nerve. In the control group, only 6% of RGCs 
survived 8 weeks after injury, whereas treatment with AAV-eC3GFP protected 45% of RGCs 
from dying, and the widespread distribution by AAV-spC3GFP kept a remarkable 74% of RGCs 
alive. In addition, robust long-distance axon regeneration was observed at 4 weeks after ONC in 
both treatment groups compared to controls, with a significant 38- and 24-fold increase in axon 
regeneration at 1 mm past the crush site for AAV-eC3GFP (p=0.005) and AAV-spC3GFP 
(p=0.02), respectively. The neuroprotective studies and three-dimensional analysis of axon 
regeneration through the transparent optic nerve reveal that this novel C3 gene therapy approach 
greatly enhances RGC survival and axon regeneration after optic nerve injury. C3 gene therapy 
could be applied to benefit other neurodegenerative disorders. 
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Abstract: Traumatic brain injury (TBI) affects 1.7 million people in the U.S which results in 
approximately 52,000 deaths each year. Treatments for TBI are limited to managing symptoms 
and physical therapies which include exercise. The use of exercise before and after TBI has been 
shown to reduce functional deficits, but the mechanism of action of exercise remains unclear. 
TBI causes significant damage to the cerebral vasculature system, hence protecting the vascular 
system may have beneficial effects. We hypothesize that exercise strengthens and preserves the 
integrity of the cerebrovasculature as a mechanism of action for ameliorating the TBI-induced 
functional deficits. To test this hypothesis, we examined the role of exercise prior to TBI in 
enhancing angiogenesis/ vasculogenesis in cerebrovascular system. Adult Sprague-Dawley rats 
were exposed to one hour forced running wheel exercise daily for 3 days, then were subjected to 
moderate control cortical impact (CCI) model of TBI. Laser Doppler readings were recorded at 
baseline and immediately after TBI. Behavior tests, including neurological exams, elevated body 
swing test (EBST), and Rotarod test were evaluated at day 1 and day 7 after TBI. Learning and 
memory function was measured through radial arm water maze (RAWM) at day 7 after TBI for 3 
days. The results showed a significant increase in cerebral blood flow of 35% and 105% at 
baseline and after TBI respectively in exercised animals compared to non-exercised animals (p’s 
<0.05). The neurological scores and Rotarod exams, but not EBST were significantly improved 
in TBI-exercised group compared to TBI non-exercised group (p’s <0.05). Moreover, the TBI-
exercised animals performed significantly better in learning and memory assessment compared 
to TBI non-exercised animals (p’s <0.05). Preliminary immunohistochemical analyses revealed 
no significant differences in CD34 and vWF expression, but trends of increased Ang-1 and Ang-
2, while decreased VEGFR2 expression were recognized in the peri-impact area. In conclusion, 
the findings showed that exercised may improve both motor and cognitive deficits induced by 



TBI by enhancing cerebral blood flow, and possibly remodeling of the angiogenic and 
vasculogenic structures. 
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Abstract: Objectives: Traumatic Brain Injury (TBI) is a neurological disorder that leads to long 
term motor and cognitive dysfunction. Tissue Plasminogen Activator (tPA) has been reported to 
attenuate motor and cognitive deficits resulting from ischemic injury that shares similar cell 
death mechanisms with TBI. However, the use of tPA as a neurorestorative agent in clinic may 
raise concerns, because tPA is also known to cause blood brain barrier damage through its 
protease actions. In this study, we investigated the long term neuroprotective effects of protease-
inactive mutant tPA (tPAm) against TBI. 
Methods: TBI was induced in adult male C57BL/6J mice using a controlled cortical impact 
(CCI) model, and the animals were then randomly assigned to sham, control, 0.9%Nacl and 
tPAm groups. tPAm was delivered intranasally 1h after CCI and repeated every day for 14 days. 
For outcome assessments, sensorimotor deficits (rotarod test, cylinder test, foot fault test) were 
determined at 3-35 days after TBI; cognitive deficits (water maze) was determined at 22-27 days 
after stroke. The neuronal tracer biotinylated dextran amine (BDA) was injected into the 
uninjured left motor cortex (M1, 21 day after CCI) to anterogradely label the corticorubral tract 
and the corticospinal tract. The integrity of myelin sheaths and axons were assessed by 
expression of myelin basic protein (MBP, Western blots), SMI32 (non-phosphorylated 
neurofilament), CNPase and NF200. Furthermore, the conductivity of the myelinated nerve 



fibers in the corpus callosum surrounding brain regions were evaluated by assessing compound 
action potentials (CAPs) using electrophysiology. 
Results: Our results showed that tPAm attenuated short and long term (up to 35 days after TBI) 
motor deficits as determined using rotarod test, cylinder and foot fault test. In addition, tPAm 
significantly improved cognitive performance of TBI mice in the Morris water maze tests at 22-
27 days post-TBI. However, tPAm failed to significantly reduce the size of cortical lesion at 35 
days after TBI. In contrast to the ineffectiveness in sparing cortical tissue loss, tPAm preserved 
the integrity of the myelin sheath by preventing the loss of MBP, reducing axonal damage and 
promoting axonal sprouting. tPAm also promoted functional integrity of white matter, as 
demonstrated by increased velocity and amplitude of CAP conduction of myelinated nerve fibers 
in corpus callosum. 
Conclusions: In concert, our results suggest that tPAm improves long term neurological 
outcomes of TBI mice through protection against white matter injury. These observations 
promote clinical investigations on tPAm as a potential therapeutic agent for TBI patient. 
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Abstract: A spinal root avulsion injury disconnects the ventral and dorsal spinal roots with the 
spinal cord. Due to the limited intrinsic axonal extension speed and the inhibitory environment in 
the CNS/PNS transitional zone (TZ), the time required for axonal regeneration is prolonged, 
which consequently leads to muscle atrophy and motor dysfunction. Previously, we 
demonstrated that blocking the inhibitory chondroitin sulfate proteoglycan (CSPG) receptor 
protein tyrosine phosphatase-σ (PTP-σ) with a small peptide, namely intracellular sigma peptide 
(ISP) induced more and faster axonal regrowth and enhanced motor functional restoration. After 
axotomy, the assembly of a new growth cone and continuous axonal extension requires 



reconstruction of cytoskeleton and efficient axonal transportation. Microtubule stabilization has 
been reported to facilitate axonal regeneration in CNS, probably via favoring polymerization of 
tubulin dimers. 
In the present study, we asked whether intrinsic microtubule stabilization by Epothilone B 
(EpoB) facilities axons to penetrate the CNS/PNS TZ and eventually promotes motor functional 
recovery after spinal root avulsion. Adult rats underwent cervical ventral root avulsion followed 
with re-implantation before being treated with EpoB. Motor functional recovery was remarkably 
enhanced by the administration of EpoB, reflected by the significantly increased Terzis 
grooming test score (Mann-Whitney U test, p<0.05). This was further confirmed by 
electromyography. At 6 weeks post surgery, higher electrical responses were recorded in the 
animals treated by EpoB, while spontaneous potentials, generated by denervated muscle fibers, 
were reduced. At 4 and 6 weeks post surgery, examination of the regenerated axons in the 
CNS/PNS TZ leaded to the observation that EpoB facilitated direct axonal elongation, instead of 
meandering courses found in control animals. In addition, EpoB treatment increased the number 
of ChAT-positive axons in the TZ. These results provide evidences for that microtubule 
stabilization by EpoB is able to promote axonal regeneration and functional recovery after spinal 
root avulsion. 
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Abstract: A major challenge in the management of acute spinal cord injury (SCI) is the 
development of an effective treatment that can be delivered to patients in a timely manner 
following a traumatic accident. We have shown previously that a mimetic peptide, Peptide5, 
matching extracellular loop two of the gap junction protein Connexin43 reduces tissue damage 
and improves functional outcomes when delivered directly to a SCI lesion site. We have now 
investigated whether systemic (intraperitoneal) delivery results in similar outcomes. 
Intraperitoneal injections of Peptide5 or control scrambled peptide were given immediately after 
a mild contusion injury in rats, with injections repeated at 2 and 4 hours post-injury. Rats were 
then assessed for locomotor recovery and pain hypersensitivity and euthanised at 8 hours (n=8), 
2 weeks (n=32) or 6 weeks (n=32) post-injury. The behavioural data of open field and error 
ladder tests showed an improvement in hindlimb locomotor function in Peptide5 treated rats 
between 3 and 6 weeks following injury (p<0.05). In addition, there was a reduction in at-level 
mechanical allodynia from 1 week post-injury (p<0.05). Immunohistochemistry showed that 
Peptide5 treatment reduced the expression level of Connexin43 and increased the proportion of 
phosphorylated Connexin43 protein level at 8 hours after injury compared to the control 
treatment group (p<0.05). At 2 and 6 weeks, lesion size, astrocytic and activated macrophage and 
microglial responses, as well as neuronal cell loss compared to the controls (p<0.05). These 
results suggest that Peptide5 administered systemically modulates the pathological opening of 
Connexin43 hemichannels at the lesion site to ameliorate the damage resulting from SCI and has 
a significant effect on improving functional outcomes. 
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Title: Matrix metalloproteinase-8 inhibition prevent disruption of Blood-spinal cord barrier and 
attenuate inflammation in rat model of spinal cord injury  
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Abstract: Objective: - After spinal cord injury (SCI), the degradation of tight junction (TJ) 
proteins causes blood-spinal cord barrier (BSCB) disruption by increasing the BSCB 
permeability. Neutrophils infiltration is one of the characteristic features of SCI. Matrix 
Metallopeptidase 8 (MMP-8) or neutrophil collagenase is secreted from neutrophils and mainly 
acts on ECM macromolecules and is considered as the most important during inflammation, 
healing, and physiological processes. The role of MMP-8 is not fully established in SCI. Herein, 
we characterized the role of MMP-8 in the pathology of SCI in rats. Methods: - SCI was 
induced to female Sprague-Dawley rats (200-220 g body weight) after moderate static 
compression (35 g for 5 min) at T10 spinal cord level. Furthermore, to assess the role of MMP-8 
in SCI pathology, we utilized five different approaches, i) (3R)-(+)-[2-(4-
Methoxybenzenesulfonyl)-1,2,3,4-tetrahydroisoquinoline-3-hydroxamate] a specific MMP-8 
specific inhibitor (MMP-8I) ii) sivelestat, an inhibitor of neutrophil elastase, iii) 
hydroxycarbamide which bind with zinc ion in MMP-8 complex, iv) zinc chloride which cause 
oxidative burst and v) N-Acetyl-L-cysteine, to either inhibit MMP-8 activity directly or to 
modulate neutrophils, a major source of MMP-8. Results: - MMP-8 was up-regulated during one 
and three days after SCI. Moreover, in correlation with increased MMP-8; proinflammatory 
cytokines (TNF-α, IL-6), microglial markers (Iba-1, Mac-1), heme oxygenase-1 and neutrophil 
elastase was also increased significantly after SCI. The level of TJ proteins (occludin and zonula 
occludens-1) were decreased suggesting the disruption of BSCB after SCI. Amusingly, MMP-8 
inhibition decreases the proinflammatory cytokines (TNF-α, IL-6) and increases the expression 
of tight junction proteins after SCI. Conclusion: - MMP-8 upregulation during initial phase 
might be directly linked to inflammatory phase during SCI. Moreover, results suggest that 
inhibition of MMP-8 prevents disruption of BSCB, provides neuroprotection and can be 
considered as a therapeutic target in SCI. 
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Abstract: Loss of descending serotonin (5-HT) to the spinal cord contributes to muscle spasms 
at the chronic stage of spinal cord injury (SCI). At this stage, hyperexcitable motoneurons 
receive long excitatory postsynaptic potentials (EPSPs) which, in turn, activate their persistent 
inward currents (PICs) to drive muscle spasms. Deep dorsal horn (DDH) neurons with bursting 
behavior could be involved in triggering the long EPSPs due to their loss of inhibition in the 
chronically 5-HT-deprived spinal cord. In the previous study, we found bursting DDH neurons 
among other types of DDH neurons, i.e. single-spiking and spontaneously tonic-firing neurons, 
following acute spinal transection at the sacral edge of the lumbar enlargement (i.e. between L6 
and S1 spinal segments) in adult mice. Only the bursting DDH neurons showed significant 
changes in their firing characteristics during administration of the 5-HT1B/1D receptor agonist 
zolmitriptan and NMDA. Zolmitriptan can suppress the bursting DDH neurons, while NMDA 
moderately facilitates them. Here in the present study, we further investigate the firing 
characteristics of the bursting DDH neurons following chronic spinal transection at T10 vertebral 
level in adult mice during administration of zolmitriptan and NMDA, using the in vitro sacral 
cord preparation and extracellular electrophysiology. Following the 10-week period of 
transection recovery, zolmitriptan does suppress the bursting DDH neurons by significantly 
reducing their evoked spikes and burst duration and delaying their first-spike latency. However, 
NMDA has only a small effect on the bursting DDH neurons by enhancing only their 
spontaneous firing rate. These results suggest that zolmitriptan may activate 5-HT1B/1D receptors 
on the bursting DDH neurons to suppress muscle spasms following chronic SCI, as this drug has 
been previously shown to reduce muscle spasms without affecting the intrinsic properties of 
spinal motoneurons. On the other hand, activation of NMDA receptors may only raise the 
spontaneous activity level of the bursting DDH neurons with no significant contribution to the 
mechanisms of muscle spasms. A future in vivo study in decerebrate animals is necessary to see 
if the bursting DDH neurons exist in the intact spinal cord. 
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Abstract: [Introduction] We previously reported that transplantation of certain neural 
stem/progenitor cells from human iPS cells (hiPSC-NS/PCs) into the injured spinal cord resulted 
in tumor-like overgrowth and subsequent deterioration of motor function. Remnant immature 
NS/PCs must be removed or induced into more mature cell types, which may avoid tumor-like 
overgrowth following transplantation. Meanwhile, Notch signaling controls the neuronal 
differentiation of NS/PCs, and inhibition of this signaling with gamma-secretase inhibitor (GSI) 
induces NS/PCs to differentiate into a more mature state with limited proliferation. The purpose 
of the present study was to elucidate the effects of GSI on tumorigenic hiPSC-NS/PCs. 
[Method] hiPSC-NS/PCs, a potentially tumor-like overgrowth cell line, were cultured with GSI. 
Global analyses of the gene expression profiles were performed by DNA microarray and RT-
PCRs. Next, we induced contusive spinal cord injury (SCI) in mice and transplanted hiPSC-
NS/PCs with or without GSI pretreatment nine days after SCI. The growth/survival and 
histological analyses of transplanted cells were examined with bioluminescence imaging (BLI) 
and immunohistochemistry. Behavioral analyses of motor function were also performed by BMS 
score, rota-rod test and DigiGait system. 
[Result] Compared to the non-treatment (control) group, after following treatment of hiPSC-
NS/PCs with GSI (GSI+ group), the gene expression profiles using DNA microarray and RT-
PCR showed decreases in pluripotency and self-renewal marker-related genes. After hiPSC-
NS/PCs transplantation, the photon counts of transplanted cells increased more than 10-fold from 
their initial values by BLI, and then showed deteriorated motor function accompanied by tumor-
like overgrowth in the control group. However, in the GSI+ group, the photon counts of 
transplanted cells increased more slowly, but reached a plateau, then showed maintained 
functional recovery and reduced the tumor-like overgrowth through inhibition of cell 
proliferation 89 days after transplantation. In the GSI+ group, the proportion of Hu+ neuron 
increased significantly, whereas the proportion of Ki67+ and Nestin+ cells significantly decreased 
compared to the control group. 
[Conclusion] We confirm that GSI pretreatment of hiPSC-NS/PCs reduce the proportion of 



dividing cells in vitro, and prevent tumor-like overgrowth of transplanted cells by inhibiting cell 
proliferation, resulting in safe and long-lasting functional recovery in vivo. Pretreatment of 
hiPSC-NS/PCs with GSI prior to transplantation can improve their in clinical setting. 
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Abstract: Spinal cord injury (SCI) often results in neuronal death and demyelination. During the 
healing process, glial scar formed at the lesion site is one of the major barriers to axonal 
regeneration. Treatment of chondroitinase ABC (ChABC) has been reported to remove CSPGs 
glycosaminoglycan (GAG) side chains and enhance axonal regeneration. Cell transplantation 
therapies for spinal cord injury contributes to restoration of neuronal function by modifying the 
pathophysiological process after spinal cord injury. We have demonstrated that intrathecal 
delivery of low-dose ChABC in the acute stage of SCI promotes axonal regrowth and functional 
recovery. Furthermore, ChABC administrations combining olfactory mucosa progenitor cells 
(OMPCs) intraspinal transplantation showed better functional recovery and enhance the 



consistency of stepping in acute stage of SCI rats. However, in the sub-acute or chronic SCI 
patients, the dense glial scar has formed and cannot be surgery or digested by intrathecal delivery 
of ChABC at the injury site. Hence, we have been demonstrated intraparenchymal delivery of 
high dose ChABC in the sub-acute stage of SCI animal models decreased the level of CSPGs, 
lesion extension and area, enhanced the axonal outgrowth and improved partial functional 
recovery. However, previous studies indicated that single ChABC treatment may not be 
sufficient to enhance neuronal plasticity and the inadequate survival time and rate of OMPCs in 
the lesion site might limit the regenerative ability. In this study, we will investigate the effects of 
high dose ChABC delivery combined with repeated transplantation of OMPCs in the acute and 
sub-acute stage of SCI in the complete spinal cord transection model. Our results showed that 
there was no functional recovery following a single OMPCs transplantation. Nevertheless, 
repeated OMPCs transplantation significantly improved functional recovery and enhanced axons 
outgrowth across the lesion site. In addition, Fluorogold (FG)-positive cells were clearly detected 
in the red nucleus of midbrain indicated that these axons grew across the lesion site and reached 
the distal stump of injured spinal cord. Moreover, the degree of fibrotic scarring and 
macrophages infiltration also decreased after repeated OMPCs transplantation. Furthermore, we 
evaluated the effects of high dose ChABC combined with repeated OMPCs transplantation in the 
sub-acute SCI. Although the functional recovery significantly improved via either treatment, but 
unfortunately no synergistic therapeutic effect can be detected. This study may provide valuable 
information to form a better therapeutic strategy than ever for SCI in the future. 
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Abstract: Spinal cord injury (SCI) is characterized by mitochondrial dysfunction and loss of 
ATP, ultimately leading to excitotoxicity, calcium overload and oxidative stress, and further 
exacerbating injury in a self-propagating cycle. Therefore, therapeutics targeting reestablishment 
of mitochondrial function through increased mitochondrial biogenesis (MB) following SCI could 
potentially alleviate multiple aspects of injury progression. This study examined the effect of 
formoterol, an FDA-approved β2-adrenergic receptor agonist, on MB in the spinal cord and 
functional recovery following SCI. Female C57BL/6 mice were subject to moderate SCI using 
an 80 Kdyn force-controlled pneumatic impactor-induced contusion model. Formoterol (i.p.) was 
administered one hour post-SCI and then daily until euthanasia. Treatment with formoterol after 
injury induced MB in the spinal cord, as evidenced by increased mitochondrial DNA content, 
and increased expression of PGC-1α, the master regulator of MB, and various mitochondrial- 
and nuclear-DNA encoded mitochondrial genes. Three days post-SCI, the spinal cord of 
formoterol-treated mice exhibited less histological damage than that of vehicle-treated mice, 
namely decreased loss of white matter and structural preservation of the central canal and 
anterior median fissure. The Basso-Mouse Scale (BMS) was used to assess locomotor capability. 
A BMS score of 0, observed 24 h following SCI, indicates no movement of the hind limbs, while 
a score of 9 indicates normal function (sham controls). Seven days post-SCI, mice treated with 
formoterol demonstrated improved motor function compared to vehicle-treated mice (BMS = 1 
vs. 0.3). Fifteen days after injury, formoterol-treated mice exhibited further improvement in 
motor function (BMS = 4.5 vs. 2), approximately 50% overall functional recovery. Taken 
together, we suggest formoterol and MB as a therapeutic avenue for the treatment of SCI. 
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Abstract: A significant number of neurological conditions involve deregulation of thrombin 
activity including hemorrhagic, infectious and traumatic injuries, however little is known 
regarding mechanisms of action or the utility of therapeutic modulation. Thrombin is well known 
for its ability to cleave soluble fibrinogen releasing fibrin monomers that support hemostasis. In 
addition, thrombin is a high affinity agonist for Protease Activated Receptor 1 (PAR1), also 
referred to as the thrombin receptor. PAR1 is a seven transmembrane G-protein-coupled receptor 
that is activated by extracellular N-terminal cleavage. Here we critically evaluated the role of 
PAR1 as a regulator of the spinal cord injury microenvironment by examining cellular, 
molecular and neurobehavioral outcomes after experimental contusion-compression spinal cord 
injury (SCI) in wild type and PAR1 knockout mice. Mice with PAR1 loss-of-function displayed 
improved locomotor recovery after SCI and reduced signatures of inflammation and astrogliosis, 
including expression of glial fibrillary acidic protein, vimentin, and STAT3 signaling. SCI-
associated elevations in pro-inflammatory cytokines such as IL-1β and IL-6 were also reduced in 
PAR1 knockout mice and co-ordinate improvements in tissue sparing were observed. Moreover, 
mice with PAR1 loss-of-function showed increased preservation of NeuN-positive ventral horn 
neurons as well as PKCγ-positive corticospinal axons. Since perilesional astrocytes were positive 
for both thrombin and PAR1 we investigated the possible significance of this signaling system in 
primary astrocyte cultures. Introduction of thrombin into astrocyte cultures resulted in increases 
in the production and secretion of IL-6 and activation of STAT3 signaling in a PAR1-dependent 
manner. In turn, IL-6-stimulated astrocytes increased expression of both PAR1 and thrombin 
pointing to a model in which PAR1 activation contributes to increased astrogliosis by 
feedforward- and feedback-signaling dynamics. These results suggest that PAR1 sits at the 
interface of the proteolytic microenvironment and cellular responses that contribute to 
astrogliosis, pro-inflammatory events and neurodegeneration accompanying traumatic SCI. 
Given the significant improvements in neurobehavioral outcomes observed in mice with PAR1 
loss-of-function, these studies suggest that PAR1 may serve as a useful target to modulate 
astrogliosis, reduce neural injury and promote an environment favorable to repair and recovery 
of function after spinal cord trauma. 
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Abstract: The majority of patients with chronic spinal cord injury (SCI) have a cystic cavity 
surrounded by a thick fibrotic and astrocytic scar and complete loss of function below the trauma 
site. In these patients and in contrast to acute SCI, transplantation of bridging materials to re-
connect divided spinal cord segments can be performed without interfering with spontaneous 
recovery. In this study we evaluated the effects of biodegradable conduits with guidance 
microfilaments and Schwann cells on axonal regeneration after chronic spinal cord injury in 
adult rats. The conduits, with an inner diameter of 1100-1200 µm and a wall thickness of 100-
200 µm, were fabricated from trimethylene carbonate and ε-caprolactone (TCC) using a wet 
phase inversion technique. The conduit wall consisted of an inner and an outer “skin” layer with 
nanoporous structure and small cavities to reduce adverse macrophage infiltration. The 
microfilaments with longitudinal grooves were produced from poly-p-dioxanone (PDO). 
Cultured Schwann cells were suspended in diluted fibrin matrix and added to the conduit 
immediately before transplantation. In vitro studies demonstrated that Schwann cells and adult 
rat dorsal root ganglia neurons grew on the PDO filaments and that the materials did not induce 
activation of cultured astrocytes. For in vivo experiments, a spinal cord hemisection was 
performed at the C3-C4 cervical level. At 2 and 5 months after surgery, the injury site was 
exposed, the scar tissue was resected and a 2 mm long cavity was created on one side of the cord. 
The conduits were transplanted into the cavity and animals were allowed to survive for an 
additional 2 months. Animals with conduits transplanted into acute SCI served as baseline 
controls. Transplantation of TCC-PDO conduit alone into acute SCI supported ingrowth of 
numerous sensory CGRP axons and motor 5HT axons, and migration of host Schwann cells and 
macrophages. Regenerating axons grew along the PDO filaments but were separated from the 
material surface by migrating cells. When conduits were transplanted into animals with chronic 
SCI, only sensory CGRP axons were found in the conduit and regenerating fibres were often 
associated with host Schwann cells. Addition of cultured adult Schwann cells to the conduit 
stimulated ingrowth of both the sensory CGRP axons and motor 5HT axons into the conduit. 
Both host Schwann cells and GFP-labelled transplanted Schwann cells were found in close 
association with regenerating fibres. The conduit had no effect on the reaction of astrocytes and 
microglia/macrophages in the host tissue. These results suggest that a TCC-PDO conduit with 
Schwann cells can promote axonal regeneration after chronic SCI. 
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Abstract: Inflammation after spinal cord injury (SCI) is a major source of damage that expands 
the primary lesion site. Anti-inflammatory therapeutics have shown promise in pre-clinical 
studies, suggesting that inflammation is an important therapeutic target in acute SCI. 
Bromodomain and extraterminal domain-containing proteins (BETs) are epigenetic adaptor 
proteins important for inflammatory transcription. Inhibition of BETs decreases expression of 
pro-inflammatory signaling molecules in vitro and attenuates inflammation in multiple animal 
models of inflammatory disease. Because BETs are important mediators of inflammation in 
many diverse mammalian tissues, I hypothesize that BET proteins modulate the inflammatory 
response after SCI. Using in vitro assays, I have demonstrated that BET inhibition attenuates 
inflammatory signaling by both mouse primary astrocytes and macrophages. Furthermore, BET 
inhibition in experimental SCI results in decreased expression of pro-inflammatory cytokines, 
decreased cyclin expression, and mild improvements in locomotor recovery. These results 
suggest a role for BETs in promoting damaging inflammation after SCI. The study of BETs after 
SCI is especially timely given the recent development of selective BET bromodomain inhibitors 
and their use in clinical trials. These studies will contribute to the understanding of epigenetic 
modulation of inflammation and of BETs as therapeutic targets after SCI. 
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Abstract: Spinal cord injury (SCI) is the second largest contributor to paralysis worldwide and 
inflicts up to 80 million people per year. Regeneration is inhibited by the secondary injury 
cascade, characterized by death or injury of neural and glial cells and the formation of glial scar 
tissue which may act as a barrier to infiltrating axons. Tissue engineering approaches including 
delivery of hydrogels, gene vectors, cells, or signals to the injured spinal cord have been 
investigated to mitigate glial scar formation and loss of function after SCI while providing 
scaffolds capable of integrating with neural tissue. Injectable treatments are ideal candidates as 
they prevent excision of potentially spared tissue or overly invasive procedures, however 
previous injectable therapies have had limited tissue integration, cell infiltration, and transfection 
by lentivirus encoding for regenerative transgenes. We attempt to improve these processes by 
incorporating macroporosity into an injectable SCI therapy. 
Our unique injectable, macroporous hydrogel platform is based on hyaluronic acid (HA), a 
common matrix component in the central nervous system (CNS), which may reduce the immune 
response and glial scar formation after SCI, and fibrin, which can support ingrowth of cells and 
axons after SCI. By varying polymer concentration, these hydrogels can be tuned to mimic the 
mechanical properties of brain and spinal cord tissues, ranging from 100Pa to 10kPa. In a 
preliminary trial, soft HA hydrogels (1kPa) carrying neural progenitor cells (NPCs) were able to 
successfully form in situ in the mouse brain. Treated mice (HA+NPC) survived comparably to 



mice treated with NPCs only and showed no adverse reactions to HA gels. 
To achieve macroporosity, we encapsulated sacrificial, fibrin microparticles (FMP), which, after 
degradation within the bulk HA hydrogel, produce macroporous systems that improve nutrient 
transport, cell infiltration, and viral transduction. Hydrogels with increasing FMP concentrations 
(0, 33, 50, and 75% of scaffold volume) were delivered to the mammary fat pad of female 
C57/BL mice. The incorporation of FMPs increased cell infiltration into scaffolds and improved 
transduction efficiency by firefly-luciferase encoding lentiviral vectors up to 25-fold. This 
strategy will be translated to an SCI model to deliver lentivirus encoding for regenerative growth 
factors to evaluate their potential to promote functional recovery. This approach presents an 
injectable, macroporous, hydrogel platform which is compatible with delivery to the CNS, 
capable of improving cell infiltration and viral transduction, and holds potential to support 
recovery after SCI. 
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Abstract: While the majority of the neural engineering efforts of the past decade have focused 
on interfaces with the brain, fundamental understanding of the spinal cord neural dynamics 
remains limited by the tools capable of recording and modulation in this organ. Fueled by 
advances in optogenetics, optoelectronic probes have recently enabled cell-specific neural 
stimulation compatible with concomitant recording of neural activity. The mechanics of the 
spinal cord, however, remain difficult to match with hard materials traditionally used in 
optoelectronics. 
Here we address the elastic modulus mismatch by designing flexible multifunctional neural 
probes capable of conforming to the spinal cord geometry and mechanical properties, while 



providing optical stimulation and neural recording. 
We mimicked the fibrous and flexible morphology of the spinal cord and fabricated all-polymer 
fibers that consist of a polycarbonate (PC) and cyclic olefin copolymer (COC) waveguide and 
carbon-polyethylene (CPE) composite electrodes. The conductive polymer composite electrodes 
exhibited tip impedance 1-3 MΩ suitable to record local field potentials. To further reduce the 
impedance, we have fabricated device by dip coating PC/COC waveguides (~100 µm in 
diameter) with a 1 µm thick layer silver nanowires (AgNWs). The devices were then 
encapsulated with a layer of poly(dimethylsiloxane) (PDMS) to protect the AgNW mesh from 
degradation, while maintaining high flexibility. Exposed AgNW mesh ring-electrodes possessed 
low impedance (~200 kOhm) and were capable of recording isolated action potentials in the 
mouse spinal cord with high signal-to-noise ratio (SNR 7±1) and low noise level (10 ±3 µV). We 
also applied the dip coating approach to fibers made of cyclic olefin copolymer elastomers 
(COCE). COCE is a rubbery material which allows COCE/AgNW fiber electrodes to maintain 
their conductivity at 100 % extension strain, and could be deformed repeatedly without 
hysteresis at 20 % strain. 
The mechanical properties of the integrated fiber probes matched those of biological tissues, 
which is difficult to achieve with traditional metallic and semiconducting electrodes. We 
demonstrated the utility our devices for recording and optical stimulation in the spinal cord of 
transgenic mice expressing the light sensitive protein channelrhodopsin 2 (ChR2). Furthermore, 
we found that optical stimulation of the spinal cord with the polymer fiber probes induces on-
demand limb movements. Finally, we illustrated that the modest dimensions and high flexibility 
of our devices permit chronic implantation into mouse spinal cords with minimal damage to the 
neural tissue. 
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Abstract: The afterhyperpolarization (AHP) is a critical determinant of motoneuron (MN) 
discharge properties. We compared the amplitudes and durations of hindlimb MN AHPs in 
normal rats and rats with incomplete spinal cord injuries (iSCI) to determine whether such 
injuries alter the distribution of AHP amplitudes and durations. Rats received sham operations 
(sham group) or moderate contusion injuries (170 kdynes) at T9. Injured animals were randomly 
assigned to standard caging (SCI-standard group) or cages with exercise wheels (SCI-exercise 
group) 1 week after injury to determine whether exercise affected AHP properties following 
iSCI. AHPs were recorded primarily in tibial MNs with ketamine-xylazine anesthesia in terminal 
experiments 8-10 weeks following sham surgery or injury. AHP amplitudes varied between 
groups. Mean AHP amplitudes were greater in SCI-exercise than in SCI-standard animals. Half-
decay times did not differ between groups. Amplitude and half-decay time were both correlated 
with input resistance (RN) in all three groups. The largest AHP amplitudes occurred in SCI-
exercise rats throughout the range of RN, particularly at small and intermediate RN values, 
indicating that AHP amplitudes increased with exercise following iSCI in larger MNs. In all 
groups, AHP amplitude was correlated with half-decay time, but a subset of MNs had small AHP 
amplitudes (< 1.5 mV) and long half-decay times (> 15 msec). We examined MNs with AHP 
half-decay times greater than 15 msec, associated with the presence of SK3 channels (Deardorff 
et al., 2013), and compared those with small (< 1.5 mV) and large (> 1.5 mV) AHP amplitudes. 
MNs having small AHP amplitudes had smaller input resistance values (2.2 vs. 3.5 MOhms) and 
larger rheobase currents (8.2 vs. 3.9nA) than those with large AHP amplitudes. MNs from sham, 
SCI-standard and SCI-exercise rats were not distributed evenly between small- and large-AHP 
amplitude subsets. SCI-standard rats had more MNs than expected in the small-amplitude subset, 
while sham and SCI-exercise rats had more than expected in the large-amplitude subset. In the 
large-amplitude subset, cells are found at all RN values in the sham and SCI-exercise groups, but 
only at larger RN values for SCI-standard rats. In the small-amplitude subset, only small RN 
values are found for sham animals and most SCI-exercise rats. RN values for SCI-standard in this 
subset are more broadly distributed but smaller than the values in the large-amplitude subset. 
Thus, long-duration, small-amplitude AHPs occur in some large MNs. The occurrence and 
distribution of these atypical AHPs change following iSCI but are largely restored by exercise. 
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Abstract: Objectives: The use of intermittent theta burst transcranial magnetic stimulation 
(TBS) induces short-term changes in the excitability of human primary motor cortex (M1). In a 
placebo-controlled pilot study, we examined the effects of iTBS on motor evoked potentials 
(MEPs) recorded from the flexor carpi radialis (FCR) muscle in individuals with chronic cervical 
spinal cord injury (SCI). This pilot study aimed to examine whether the effects of iTBS over 
either M1 or adjacent primary somatosensory cortex (SI) influences corticospinal excitability in 
SCI. Methods: Participants (N=5) with incomplete cervical spinal cord injury (ASIA B, C or D) 
with an injury occurring > 1 year were recruited. ITBS involved 600 biphasic pulses at 30 Hz 
using a stimulator intensity of 80% AMT over the hotspot for FCR. All participants attended 3 
separate sessions wherein one of the following was delivered in a pseudo-randomized order 1) 
iTBS over M1 2) iTBS over SI (~2cm posterior to the FCR hotspot) and 3) sham iTBS over M1. 
For all sessions, iTBS was delivered to the hemisphere contralateral to the least affected FCR in 
each participant. Dependent measures were acquired before and immediately following iTBS and 
included recruitment curves for MEPs and H-reflexes. MEP recruitment curves were recorded 
from FCR ranging from 10 - 160% RMT. H-reflexes recruitment curves were elicited using a 
constant current stimulator in steps of 0.5 mA until no further increase was observed. Results: 
There were no significant changes in the amplitude or slope of the recruitment curves for MEPs 
or H-reflexes for any of the interventions. Discussion: In this pilot study demonstrated that iTBS 
delivered to either M1 or SI do not result in short-term changes in corticospinal excitability in the 
chronic SCI population studied. 
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Title: Botulinum toxin injection in the triceps surae muscle causes plastic adaptations in rat 
spinal cord circuitries. 
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Abstract: Botulinum toxin (Btx) is used in children with cerebral palsy and other neurological 
patients to diminish spasticity and reduce the risk of development of contractures. Btx prevents 
release of acethylcholine at the motor end plate and thereby induces muscle paresis. We 
hypothesized that this may lead to adaptive plastic changes in spinal cord motoneurones and 
interneuronal circuitries. We consequently investigated changes in spinal cord circuitries 1-8 
weeks following Btx injection in the triceps surae muscle in rats. 
A total of 58 rats were injected with Botulinum toxin (Btx; 6IU) in the left triceps surae muscle. 
This resulted in a decrease of muscle weight and maximal muscle force to 20 % of the intact 
non-injected side, lasting at least 8 weeks. Two weeks after Btx injection, stretch of the injected 
triceps surae muscle elicited reflex activity with larger amplitude relative to the maximal muscle 
force than on the non-injected side, and was elicited by lower velocity and amplitude of stretch. 
Increased central gain of the monosynaptic stretch reflex pathway was confirmed by the 
demonstration of larger monosynaptic reflexes recorded from the left (injected) than the right 
(non-injected) L5 ventral root following stimulation of the respective dorsal roots two weeks 
after Btx injection. Preliminary data suggest that a similar increase in response at the Btx-
injected side to stimulation of descending motor tracts may occur, suggesting that increased 
excitability of spinal motoneurones may at least partly explain the increased reflexes. 
The data demonstrate that muscle paresis induced by Btx injection is accompanied by plastic 
adaptations in the central stretch reflex circuitry, which counteract the intended antispastic effect 
of Btx. 
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Abstract: Measurement of spinal cord injury (SCI) severity and residual motor capacity in 
young children presents unique difficulties; the International Society for Neurological 
Classification of Spinal Cord Injury’s American Spinal Injury Association (ASIA) Impairment 
Scale is not valid for children younger than six years old (Mulcahey et al. , 2011). We adapted 
the functional neurophysiological assessment (Li et al. , 2012) a standardized, quantitative 
assessment of volitional motor function, for use in children with SCI. The assessment consists of 
repeated attempts of standardized single- and multi-joint movements as well as passive cycling 
and reflex testing, while recording electromyographic activity from 11 trunk and leg muscles 
bilaterally. We performed this assessment on 13 typically developing children between the ages 
of 3 and 9 (6.64 ± 2.48) years old, and in 12 children with SCI, ages 2-10 (6.65 ± 2.52) years old. 
All SCI participants were injured between birth and 6 years of age (2.86 ± 2.11), and the average 
time since injury was 3.79 ± 2.68 years. All non-injured children were able to perform isolated 
movement attempts at the knee and ankle. In spinal cord injured children, isolated single joint 
movement in the knee was observed in one participant, although bilateral knee extensor activity 
was recorded. We did not observe isolated ankle movement in any spinal cord injured children. 
Multi-joint and/or bilateral muscle activation was observed during isolated movement attempts 
in 5 children, while the remaining 7 did not exhibit any muscle activation during lower extremity 
movement trials. Of those who did not demonstrate the ability to generate muscle activity during 
lower extremity movement trials, 3 exhibited delayed onset, bilateral activity in all muscles 
during trunk flexion trials. This pattern of activation has been described in adults (Dimitrijevic et 
al. , 1984), and is thought to indicate sub-clinical descending influence of supraspinal structures 
on spinal motor circuitry below the level of lesion. The pediatric functional neurophysiological 
assessment allows objective measurement and increased sensitivity in the identification and 
characterization of volitional movement capacity and subclinical descending motor excitation in 
children as young as 2 years old. Combined with electromyographic assessment of activation 
during tasks involving the integration of descending and peripheral inputs (such as standing and 
stepping), this assessment can provide a more comprehensive and objective characterization of 
motor capacity in children with SCI than currently available measurement tools. 
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Abstract: Spinal circuitry was found to adapt after spinal cord injury. Loss of post activation 
depression and reciprocal inhibition was related to the spasticity after spinal cord injury (SCI). 
Studies showed that antagonist muscle contractions could increase the strength of disynaptic 
reciprocal inhibition in healthy people. The purpose was to evaluate if the electrical stimulation 
(ES) elicited reciprocal contractions of agonist and antagonist musclescould modulate the 
disynaptic inhibition in indivicuals with SCI. Five individuals with acute SCI and seven 
individuals with chronic SCI were recruited. The electrical stimulation were applied on tibia 
nerve and common peroneal nerve to elicit H reflex and conditioning stimulation. Disynaptic 
inhibition strength was quantified by the normalized difference between the control and tested H 
reflexes. The tests were performed before and after 30 minutes of ES elicited reciprocal 
contractions of dorsiflexor and plantarflexor. The results showed that the disynaptic inhibition 
was absent in chronic SCI subjects. The disynaptic inhibition strength increased after 30 minutes 
of contraction in acute SCI but not in chronic SCI subjects. This study concluded that the short 
term reciprocal types of muscle contraction could modulate spinal circuitry in individuals with 
acute SCI whose spinal circuitry was not fully adapted. Further studies are needed for individuals 
whose spinal circuitry has been already adapted. 
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Abstract: We recently demonstrated beneficial effects of neutralization of the NG2 proteoglycan 
using monoclonal antibodies delivered intrathecally via osmotic mini-pumps after spinal cord 
injury (SCI). Currently we have developed a novel gene therapy tool for prolonged and 
clinically-relevant delivery of a recombinant single chain variable fragment (scFv) anti-NG2 
antibody: AAV-rh.10 serotype expressing scFv-NG2. Here we examined effects of AAV-
NG2Ab alone or in combination with AAV-NT3 in adult rats with thoracic T10 contusion 
injuries. Immediately after injury, animals received intraspinal injections of either control AAV-
GFP, AAV-NG2Ab, AAV-NT3 or AAV-NG2Ab plus AAV-NT3. Two sets of experiments were 
performed. 1st: Locomotor function was assessed using a battery of behavioral tests (BBB, 
Ladder, Narrowing beam and Catwalk) for 9 weeks post-injury followed by electrophysiological 
evaluation of synaptic transmission through spared axons spanning injury epicenter to individual 
lumbar motoneurons and to hindlimb muscles. 2nd: Lower urinary tract (LUT) function was 
assessed during the survival period using metabolic chambers to collect and quantify overnight 
urine production and after 6 weeks during terminal cystometry electrophysiology recordings with 
simultaneous acquisition of external urethral sphincter (EUS) EMG activity and bladder 
pressure. Analysis included bladder pressure threshold for and peak bladder pressure during 
contractions, inter-micturition interval, void volume, residual volume, duration of EUS bursting, 
and amplitude and duration of EUS activity. BDA tracing was used in both sets of experiments 
to evaluate any effects of treatment on anatomical plasticity. We found that AAV-NT3 treatment 
group did not show significant improvements in the first set of experiments and thus was not 
used in the second set. Both the AAV-NG2Ab and AAV-NG2Ab combined with AAV-NT3 



treatment groups demonstrated significant improvements in all behavioral tests compared to 
other SCI groups. In-vivo intracellular recordings revealed an improved transmission through 
axons spanning the injury epicenter. Best improvements of both transmission and motor function 
were seen in animals that received treatment with AAV-NG2Ab combined with AAV-NT3. This 
combinational treatment improved LUT function as well. Improvements were evident in 
increased number of voids, smaller mass per void and decreased time between voids. Consistent 
with these results, cystometry electrophysiology demonstrated the following improvements: 
reduced number of non-voiding contractions, smaller residual volume, and apparent EUS 
bursting activity during contractions 

Disclosures:  V.L. Arvanian: None. H. Petrosyan: None. V. Alessi: None. N. Phagu: None. J. 
Levine: None. W.F.I. Collins: None. 

Poster 

612. Molecular Therapeutic Strategies of Spinal Cord Injury 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 612.19/GG6 

Topic: E.09. Spinal Cord Injury and Plasticity 

Support: FORB 

Title: MicroRNA expression profiling in a mouse spinal cord injury model 

Authors: *M. GHIBAUDI1, M. BOIDO1, D. GREEN2, I. MOHORIANU2, D. ROVITO1, D. 
GARBOSSA3, T. DALMAY2, A. VERCELLI1;  
1NICO, Orbassano (TO), Italy; 2Biomed. Res. Centre, Norwich Med. Sch., University of East 
Anglia, Norwich Research Park, United Kingdom; 3Section of Neurosurgery, Div. of Neurosci., 
University of Turin, Italy 

Abstract: Spinal cord injury (SCI) is a devastating condition resulting in permanent and 
irreversible deficits. Despite neurons try to regenerate, their attempts fail due to several 
dysfunctions. Several studies have already revealed a bidirectional alteration of microRNA 
following SCI, with some described to be detrimental and some protective. However there is still 
little evidence of specific axon regrowth microRNA clusters. The challenging goal of this study 
is focused on evaluating microRNA expression changes in sensorimotor cortex and more 
specifically in corticospinal motoneurons (CSMN), whose axons are severed by SCI. We intend 
to select and manipulate microRNAs involved in the regeneration process in order to restore their 
physiological functions and promote axon regrowth. Complete transection of the spinal cord was 
induced at the C7 level in 15 postnatal C57BL/6j male mice at 12h after injury (3 WT vs 3 SCI) 



and in adult mice at 12h, 3 days and 7 days post injury (3 WT vs 3 SCI per each group). The 
sensorimotor cortex was dissected, collected for RNA extraction and sequenced for a microRNA 
profile to evaluate expression changes among the groups. Another set of animals was employed 
to analyze cortical astrogliosis (GFAP), microglia activation (IBA1) and degenerating neurons 
(Fluoro-Jade staining). MicroRNAs mainly implicated in neuroplasticity, axon regrowth (miR-
19b-3p, miR-381-3p and miR7b-3p) and inflammation (miR-127-5p) resulted dysregulated in the 
injured groups. The inflammatory microRNA expression seems to follow the glial cells reaction 
evolving from very low level (12h) to a peak (3 days) and a final decrease at 7 days post injury. 
Based on these preliminary results, in order to achieve the specific CSMN microRNA profiling, 
motoneurons will be retrogradely labeled by fluorescent beads and isolated by FACS 
(Fluorescence-activated cell sorting) or laser capture microdissection. These data will allow us to 
better select only those small RNAs implicated in the regenerative process and use them as a 
powerful tool to promote axon regrowth. 
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Abstract: Spinal cord injury (SCI) is the leading cause of disability causing partial or complete 
damage to sensory and motor pathways, thereby altering neural circuits. Evidence suggests that 
within minutes after SCI, decreases in spontaneous neuronal activity are observed in cortical 
areas that correspond to the injured as well as to the non-injured limbs. Moreover, these 
decreases were correlated with poor recovery. Thus, we hypothesized that an intervention to 



attenuate the decreases in neuronal activity applied immediately post-SCI would accelerate 
neurorehabilitation. Transcranial magnetic stimulation (TMS) is a non-invasive method to induce 
neuronal excitation and plasticity beyond the stimulation period. We have recently demonstrated 
that following traumatic brain injury in rats TMS has rescued neuronal activity and led to 
improvement in behavioral tests (Lu et al., Scientific Reports, 2015). Therefore, we have 
determined if TMS can improve functional outcome post-SCI. SCI was induced at segment T7 in 
adult rats. We tested sensory and motor functions in three groups: SCI rats that received TMS 10 
min after the procedure (immediate-TMS); SCI rats that received TMS starting two weeks after 
the procedure (delayed-TMS), and SCI rats that received sham TMS (no-TMS). High-frequency 
(20 Hz) TMS was applied to the sensorimotor cortex via a custom built rodent coil, and was 
delivered for 10 min, there times a week, for a total of six weeks. Sensory responses to hind limb 
stimulation were assessed using functional MRI (fMRI) carried out with an 11.7-T scanner 
which permitted high spatial and temporal resolution. The extent of the fMRI responses to hind 
limb tactile stimulation were calculated in the corresponding primary somatosensory areas. 
Preliminary results show that the immediate-TMS group demonstrated the greatest sensory 
responses with 50.89 ± 8.24 and 51.22 ± 4.92 activated pixels over the right (RHL) and left hind 
limb (LHL), respectively; the delayed-TMS group showed moderate sensory responses with 35± 
2.61 and 32.8 ± 4.04 activated pixels in RHL and LHL; finally, the no-TMS group exhibited low 
sensory responses with 25± 4.73 and 13 ± 1.53 activated pixels in RHL and LHL, respectively. 
Motor behavior was assessed by weekly grid walk test, which indicated that the immediate-TMS 
group had fewer number of footfall errors compared to the delayed-TMS and no-TMS groups. 
Together, these results reveal the efficacy of TMS in improving outcomes after SCI. We 
anticipate that application of TMS as a therapeutic strategy could be readily translated into the 
clinical setting as an alternative or adjuvant to traditional rehabilitation strategies. 
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Abstract: The main problem of traumatic spinal cord injury TSCI lies in its complexity, as their 
pathophysiology involves mechanical damage both the primary and secondary mechanical 
damage. It currently do not have any effective treatment to restore neurological function lost as a 
result of TSCI. Therefore, our research group has conducted previous studies with polymeric 
implants of polypyrrole iodine PPyI, which have been shown to have a beneficial effect on some 
processes of the pathophysiology of TSCI by favoring the nerve tissue preservation and 
functional recovery in rats. In the present study the implant of PPyI effect was evaluated in 
Rhesus monkeys. Two females of Macaca mulatta species were used, weighing 5kg to which 
injury underwent complete spinal cord section CSCIS at the thoracic level 9 under anesthetic 
effect, and in an operating room. One of these animals received the implant of PPyI CSCIS+PPyI 
and the other not control. Studies magnetic resonance imaging MRI were performed before and 
immediately after the surgical procedure, which was repeated 1, 2 and 3 months after CSCIS and 
fractional anisotropy FA was determined at the times mentioned above. Clinical evaluation was 
performed daily including Babinski, pulpejo, plantar pressure and patellar reflexes and also 
measures the diameter of the upper thigh, mid thigh and calf were taken for 4 months. 
Subsequently, histological evaluation was performed. The results show that the animal receiving 
the implant of PPyI presented a smaller loss of muscle mass in paralyzed limbs and plantar reflex 
was more evident when compared to the control animal. In the histological evaluation animal 
with the implant showed the presence of neurons and better preservation of cytoarchitecture 
spinal cord compared to the animal that did not received the implant, consistent with that 
observed in the MRI, while the animal that did not receive the implant presented larger cysts and 
medullary tissue damage value FA pre CSCIS was 0.9 in the control monkey, which after injury 
decreased from 0.45 at baseline to 0.15 at the end of the track, while the value of FA in the 
animal receiving the implant PPYI decreased after injury to 0.3, but increased as time passed 
until reaching a value of 0.75. The implant of PPYI has neuroprotective effect after a CSCIS to 
preserve the cytoarchitecture of nerve tissue and maintain FA near baseline after a CSCIS. 
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Abstract: Spinal paired associative stimulation (PAS) is a non-invasive technique where 
transcranial magnetic brain stimulation (TMS) is synchronized with electrical peripheral nerve 
stimulation (PNS). The aim of spinal PAS is to synchronize pre-and postsynaptic activation at 
the level of corticomotoneuronal synapses. It is known that single PAS session can induce 
transient plasticity in human corticospinal tract. Spinal PAS with commonly used parameters 
leads to potentiation of motor-evoked potentials (MEPs) at a limited range of interstimulus 
intervals (the intervals between TMS and PNS). This can limit its value as a technique for long-
term treatment in neurological patients, since in these patients measurements required for exact 
calculation of effective interstimulus intervals might be challenging, and conductivity of the 
neuronal tracts might change over time. Here we report novel parameters for spinal PAS that 
lead to potentiation of motor-evoked potentials (MEPs) at a wide range of interstimulus intervals 
in healthy subjects. We also investigated whether long-term PAS was capable to induce plastic 
changes in spinal cord injury (SCI) patients. We present several tetraplegic and paraplegic 
patients in whom long-term use of PAS with these parameters induced clinically relevant 
improvement in upper or lower limbs, respectively. Our study is a starting point for further 
development of this technique for the rehabilitation of SCI patients. 
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Title: Drawing breath after cervical contusion: from functional deficits to recovery 
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Abstract: Spinal cord injury can cause profound and robust alterations to respiratory function 
and capacity. However, the inherent plasticity of the respiratory motor system is thought to be a 
key reason why activity and homeostasis can be maintained after moderate injury, mitigating the 
functional impact of the anatomical damage. We embarked on a series of experiments to 
determine if a moderate high cervical contusion injury would cause a measurable deficit in 
respiratory motor function under ‘normal’ breathing conditions at acute to chronic stages post 
trauma. Through plethysmography and electromyography we assessed respiratory output from 4 
hours to 12 weeks after a moderate C3 contusion. Through specific analytical procedures, 
contused animals showed significant decreases in tidal and minute volumes 6 weeks post injury. 
Further, the degree of change in these variables for contused animals was significantly different 
from controls, and robust, lasting from 3 days to 12 weeks post injury. In deeper analysis of this 
data we assessed the degree to which the contusion injury impacted ventilatory pattern 
variability. Through assessment of original and surrogate data sets, the injury-induced alterations 
in mutual information and sample entropy show that cervical contusion significantly and robustly 
decreases the variability of ventilatory pattern again from 3 days to 12 weeks post injury. The 
enduring deficit to the respiratory motor system caused by contusion was further confirmed 
through electromyography recordings. When isolated via a lesion, these contused pathways were 
insufficient to maintain respiratory activity at all time points post injury. Collectively these data 
illustrate that, counter to the prevailing literature, in our model a profound and lasting functional 
respiratory deficit may be measured through multiple physiological assessments at all time points 



after cervical contusion injury. Further, they demonstrate that the plasticity inherent within the 
respiratory motor system is not sufficient to induce functional ventilatory recovery as animals 
progress from acute to chronic time points. However, we provide evidence to suggest that the 
exogenous induction of plasticity through chondroitinase induced matrix modification can act to 
robustly evoke recovery of respiratory function at acute and chronic time points post injury. Our 
continuing research holds considerable promise for a deeper understanding of spinal cord injuries 
and the development of novel and effectual treatment strategies to combat respiratory motor 
deficits regardless of the length of time that has passed following trauma. 
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Abstract: Previous reports establish that regenerative growth of CST axons and recovery of 
motor function are enhanced by deleting PTEN in cortical motoneurons in the sensorimotor 
cortex. In rats, PTEN deletion has been achieved by injecting AAV that expresses shRNA 
against PTEN (Lewandowski & Steward, 2015, J. Neurosci. 34, 9951-9962). The test vectors 
that we used also express the fluorescent marker ZsGreen (AAV/PTENshRNA-ZsGreen). In 
follow-up studies, we discovered that the area of expression of AAV/PTENshRNA-ZsGreen can 
conveniently be revealed by illuminating intact brains before sectioning with a NightSea® 
flashlight. In doing so, we were surprised to discover that after injections of AAV/PTENshRNA-
ZsGreen into the rostral sensorimotor cortex, ZsGreen fluorescence was also prominent in the 
pineal gland, which is many mm distant from the injection site. The observations reported here 
were from a study in which adult female Fischer 344 rats received crush injuries to the spinal 
cord at thoracic level 9. Then, 1-2 weeks post-injury, rats received 4 injections of 



AAV/PTENshRNA-ZsGreen into the rostral sensorimotor cortex. Some of the rats also received 
transplants of neural stem cells (NSCs) into the injury site. Rats were allowed to survive for 4 
months after the AAV injections. Illumination of intact brains with a NightSea® flashlight 
revealed prominent ZsGreen fluorescence in the majority of rats in which the pineal remained 
attached to the brain. Examination of sections through the pineal gland revealed that ZsGreen 
fluorescence was primarily in cells near the surface of the gland, suggesting that AAV vector 
was selectively taken up from the CSF. The test vector used here was constructed from AAV2-9. 
It will be of interest to determine whether accumulation in the pineal gland is unique to certain 
AAV subtypes or is a general property of different AAVs. If selective uptake by the pineal gland 
is a general feature of AAVs, this could be a complication for AAV-based therapies. The 
mechanisms underlying the selective accumulation of AAV in the pineal remain to be explored. 
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Abstract: The pathophysiology of spinal cord injury (SCI) results from the mechanical insult 
and secondary phase present during injury onset and resolution respectively. The direct outcomes 
of mechanical injury involve death of neurons and severance of axonal connections. As a result 
of neuronal cell death and membrane rupture, there is marked in shift in the spinal cord lipidome 
which promotes differentiation of resident microglia and infiltration of peripheral inflammatory 
cells. Our lab and others have demonstrated the onset of a large increase in: pro-inflammatory 
lipids, and the ω-6: ω-3 polyunsaturated fatty acid (PUFA) ratio in injured rat spinal cord 
epicenters when compared to controls. Pro-inflammatory fatty acids, including ω-6, have been 
extensively shown to promote death of neuronal cell populations and diminish axonal 



reconnection. Therefore, investigating the proteins involved in binding and shuttling of fatty 
acids is of great import when in search of improving locomotor and sensory recovery after SCI. 
Fatty acid binding proteins, particularly fatty acid binding protein 5 (FABP5) and fatty acid 
binding protein 4 (FABP4), have displayed great therapeutic potential in their ability to bind 
anti-inflammatory and pro-inflammatory lipids respectively. Our previous publications have 
documented the presence of FABP5 in neurons, glia, oligodendrocytes, astrocytes, and neural 
progenitors and its ability to promote neuronal survival and locomotor recovery through 
modulation of docosahexanoic acid (DHA) and eicosapentanoic acid (EPA) following spinal 
cord injury. Following an eight-week diet enriched with DHA, levels of mRNA and protein for 
FABP5 at seven days post injury showed a marked upregulation (mRNA: 556± 168% n= 7-8 
rats; p<.01; protein: 518±195% n= 6-7 rats; p<.05). Furthermore, inhibition of FABP5 was 
shown to hinder locomotor recovery following SCI. In contrast, unpublished data from our lab 
has revealed an opposing role for FABP4, whose presence was only prevalent in monocytes and 
macrophages. Spatiotemporal studies looking at mRNA and protein levels of FABP4 in control 
diet rats at 1,3,7,14, and 28 days post injury, revealed a marked increase of more than 100 fold 
mRNA and 15 fold protein differences in injured rats compared to controls at 7 days and 28 days 
post injury particularly. Of note, inhibition of FABP4 using the BMS 309403 FABP4 inhibitor 
improved locomotor recovery scored for rats at all time points. Because of these distinct 
expression profiles and functional contexts we hypothesize that modulation of FABP5 and 
FABP4 expression after injury is essential in promoting locomotor and sensory recovery 
following SCI. 

Disclosures:  J.C. Licero Campbell: None. 

Poster 

612. Molecular Therapeutic Strategies of Spinal Cord Injury 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 612.26/GG13 

Topic: E.09. Spinal Cord Injury and Plasticity 

Support: NIH Grant DA031197 

 NIDA Drug Supply Program 

Title: Morphine-induced cell death in a rodent model of SCI 

Authors: *M. N. TERMINEL1,2, M. ACEVES2,3, M. A. HOOK3,2;  
1Neurosci. and Exptl. Therapeut., Texas A&M, Bryan, TX; 2Texas A&M Inst. for Neurosci., 
College station, TX; 3Neurosci. and Exptl. Therapeut., Texas A&M Hlth. Sci. Ctr., Bryan, TX 



Abstract: Opioids are commonly used to treat pain in the acute phase of spinal cord injury 
(SCI). We have shown, however, that administration of morphine in this phase of SCI 
undermines locomotor recovery and increases pain reactivity in a rodent contusion model. These 
adverse effects appear to depend on kappa opioid receptor (KOR) activation. Activation of the 
KOR is sufficient to decrease locomotor recovery after SCI, and is necessary for the morphine-
induced attenuation of function. Interestingly, we found that KORs are upregulated on microglia 
following SCI and morphine administration. Using flow cytometry, we showed that SCI 
significantly increases the number of CD45+ cells expressing KORs at 48 hrs post injury. 
Morphine also significantly increases the number KOR+ microglia at the lesion site. We 
hypothesized that morphine activates these microglial-specific KORs to increase inflammation 
and neurotoxicity, thereby decreasing recovery of function after SCI. To test this, the current 
study used immunohistochemistry to compare the temporal sequence of cell loss, with and 
without morphine, in the rodent model. Subjects were given a moderate spinal contusion injury 
or were sham controls. On the day following surgery, half of the subjects in each injury condition 
were treated with 10 mg of morphine (i.v.) on days 1-2, 20 mg on days 3-4, and 30 mg on days 
5-7. The remaining subjects served as controls, receiving an equivalent volume of 0.9% saline 
across days. To assess the temporal sequence of cell loss, subjects were humanely euthanized on 
days 2, 4, or 8, corresponding to 24 hrs after the final dose of morphine. A 1.5 cm section of 
spinal cord, spanning the injury site, was collected and sectioned (20µm) for 
immunohistochemistry. Subsets of the tissue were stained with markers for neurons (NeuN, 
neurofilament), microglia (OX42, IBA1) and astrocytes (GFAP, S-100). All sections were 
double-labeled with Caspase-3. By Day 2 post injury, SCI significantly decreased the expression 
of NeuN, and increased the numbers of GFAP+ and OX-42+ cells. There was no effect of 
morphine on cell expression in this early phase, but by Day 4 locomotor function was reduced in 
the morphine-treated subjects. After 7 days of morphine administration, both neuron and glial 
expression were significantly decreased, as was locomotor function relative to vehicle-treated 
controls. In ongoing experiments, we are using immunohistochemistry to further characterize 
KOR expression at the site of the lesion. These data will be essential in the development of 
therapeutic strategies, such as adjuvant medications, that allow for the safe and effective use of 
opioids for pain management after SCI. 
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Abstract: Various neurotrophic factors (NTFs), which are secreted from the central and 
peripheral nervous systems, have crucial roles for the modulation of neural functions and 
enhancement of neuronal survival and regeneration. Many previous studies have administered 
various exogenous NTFs to neuronal cells or animal models, however the optimal dose of NTF 
and the selection of optimal type of NTFs for the regeneration of damaged central or peripheral 
nerves is still unclear.In this study, we developed a high-throughput microfluidic device which 
contains 32 microchambers for neuronal cell culture to detect neurite outgrowth and cell survival 
at 8 different concentrations of applied NTF simultaneously, and also enable the combination use 
of more than two types of NTFs. Our aim was to reveal which concentration and what 
combinations of NTFs is optimal for the regeneration of various types of neurons in the central 
and peripheral nervous systems. Recombinant human nerve growth factor (NGF), neurotrophin-3 
(NT-3), and brain-derived neurotrophic factor (BDNF) were produced and separately applied 
into the microfluidic device, and cortical neurons from the brain and sensory neurons from dorsal 
root ganglia of rats were cultured within the device for 5 days.We found that all three NTFs were 
effective to increase neurite outgrowth of cortical and sensory neurons, and the optimal 
concentration was different according to the type of NTFs and cultured neurons. When NTFs 
were combined, BDNF and NT-3 was effective for the neurite outgrowth and survival of cortical 
neurons, and NGF alone showed better results than other combination of NTFs.We concluded 
that the high-throughput microfluidic device was useful to detect the optimal concentration of 
various NTFs for neurite outgrowth and neuronal survival, and these results will be applied to 
animal models of spinal cord injury and peripheral nerve injury. 
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Abstract: The corticospinal tract (CST)makes direct and indirect connections with spinal 
motoneurons and controls limb movement, particular skilled movements. By inactivating Celsr3 
in neocortex upon Emx1-Cre, we established Emx1-Cre;Celsr3f/- mutants, in which corticospinal 
axons fail to course through the internal capsule and to innervate the spinal cord. Using this 
model, we tested whether absent cortical inputs affect spinal motoneuorn regeneration and 
survival. In adult mice, we tore off right C5-C7 motor and sensory roots, and re-implanted right 
C6 roots back to spinal cord. We found impaired recovery of elbow flexion, a changed 
motoneuron survival and less axonal regeneration and remylination in Emx1-Cre;Celsr3f/- 
mutants compared to the control. To further study its mechanisms, we used RNAseq to screen 
gene expression in the local spinal cord of control mutant mice after three days of brachial plexus 
avulsion, and top 200 changed genes in the mutant are enriched in immune response signaling 
pathway, such as more polarization of M1 and less polarization of M2 macrophages. The result 
is identical to the expression levels of M1 and M2 makers using immunofluorescence detection. 
In conclusion, we propose that the corticospinal inputs may modify the spinal microglia function 
and subsequently affect motoneuron regeneration and survival after brachial plexus avulsion and 
replantation. 
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Abstract: For many years we have known that serotonergic antimigraine drugs (triptans) can be 
used in treatment of spasticity after spinal cord injury, potently inhibiting the monosynaptic 
reflex (MSR) from group Ia muscle spindle afferents to motoneurons. However, triptans 
selectively activate 5-HT1D receptors that are almost exclusively found on unmyelinated C fibres 
where they inhibit C fibre activity, consistent with their action in migraine treatment, but 
inconsistent with inhibition of the MSR. This suggests that somehow C fibres modulate MSR 
transmission. Intriguingly, cold-sensing C fibres (expressing TRPM8) have been implicated in 
migraines, and thus we specifically explored these fibres. Spinal cords of adult rats were 
maintained in vitro, while recording the MSR evoked on ventral roots in response to Ia afferent 
stimulation (1.5xT). Selective C fibre stimulation was obtained by bathing one dorsal root in low 
dose TTX, to block myelinated axons, but leave TTX-resistant C fibres (with Nav1.8). Electrical 
stimulation of these C fibres (50xT) led to a long-term facilitation of the MSR (and underlying 
EPSP) evoked from an adjacent dorsal root (not in TTX), indicating a facilitation of transmission 
in the Ia afferents. The MSR was likewise increased by cooling or pharmacological activation of 
cold-sensing C fibres with the TRPM8 agonist icilin. Importantly, following icilin application, 
electrical C fibre stimulation produced no further facilitation of the MSR, implying that cold 
sensing C fibres are entirely responsible for the MSR facilitation. Considering that the MSR is 
involved in tremor and clonus, this finding implies that cold sensing fibres can facilitate clonus. 
C fibre stimulation or icilin also increased dorsal root reflexes (DRR) evoked by Ia afferent 
stimulation, though not the primary afferent depolarization (PAD), implying a mechanism not 
involving PAD. Application of the 5-HT1D agonist zolmitriptan (triptan) potently inhibited the 
MSR and DRR, and this inhibition was increased or prevented by activation or blocking cold-
sensing C fibres, respectively. These results imply that afferent transmission to motoneurons is 
tonically facilitated by cold-sensing C fibres which in turn are gated by serotonin, and suggest a 



spinal mechanism contributing to cold-induced shivering and clonus in normal and pathological 
states. 
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Abstract: Central sensitization and hyperexcitability of the nociceptive system is believed to be 
a basic neurophysiological mechanism in neuropathic pain, while suppressing such 
hyperexcitability by directly blocking excitation or enhancing inhibition is a major therapeutic 
strategy for controlling the pain. However, the current pharmacological treatments only partially 
reduce the pain in less than a half of the patients. Because development of neuropathic pain often 
involves an initial deafferentation due to a primary lesion of nociceptive pathways while 
deafferentation is known to cause cortical hyperexcitability through homeostatic activity 
regulation, we hypothesize that abnormal homeostatic activity regulation of the primary 
somatosensory cortex (S1) may play a role in pain development and maintenance, and that 



neuropathic pain can be controlled by enhancing cortical excitatory activity. Using a transient 
spinal cord ischemia model of neuropathic pain in GCaMP6-expressing transgenic mice, here we 
used repeated in vivo two-photon imaging to demonstrate that spontaneous firing of layer V 
pyramidal neurons of the S1 was initially depressed at six hours after injury and subsequently 
enhanced in one to two weeks, which is consistent with homeostatic activity regulation. 
Specifically enhancing S1 by optogenetic stimulation both prevented the development and 
reduced the severity of mechanical hyperalgesia of the hindlimbs. This effect was likely 
medicated by excitatory drive, because transecting corpus callosum eliminated the ipsilateral, but 
not contralateral, analgesic effect induced by unilateral optogenetic stimulation of S1. Similar 
analgesic effect was achieved by pharmacologically enhancing activity by chronically releasing 
GABAA receptor antagonist bicuculline in the S1. Furthermore, patch clamp recordings from 
layer V pyramidal neurons showed that neuronal hyperexcitability in this model could be mainly 
attributed to increased input resistant and higher frequency of miniature excitatory postsynaptic 
currents, while S1 optogenetic stimulation reversed these pathological changes and reduced 
network hyperexcitability. We conclude that abnormal homeostatic activity regulation in the S1 
is involved in the mechanism of neuropathic pain, and that stimulating cortical excitatory activity 
is a novel strategy for the prevention and treatment of neuropathic pain. 
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Abstract: Chronic neuropathic pain (CNP) is a prevalent and debilitating condition that causes 
suffering and current treatments remain inadequate. CNP results in long-term alterations in 
multiple regions of the CNS that can alter processing of sensory or affective components of pain. 
The Primary Somatosensory cortex (S1) and Anterior Cingulate cortex (ACC) are two pain-
related cortical regions that are involved in pain processing. S1 processes the location and quality 
of pain, while the ACC processes pain affect and motivated behavior. However, it is currently 



unclear if electrophysiological properties of neurons in these cortical regions are altered during 
the development and maintenance of CNP. In order to identify changes in S1 and ACC neuronal 
activity during CNP, Sprague Dawley rats were implanted with 2 microwire arrays targeted to S1 
and ACC. Neuronal activity and behavioral responses to mechanical stimulation of the hindpaws, 
using an electronic Von Frey device,were recorded in awake rats prior to and 3,7,14,21 and 28 
days after inducing the Spared Nerve Injury (SNI) model of CNP. In ongoing experiments, we 
have identified parameters of neuronal activity in both S1 and ACC that are altered after SNI. 
Mean firing rates of ACC neurons increase as early as 3 days and maintain for up to 28 days, 
while mean firing rates of S1 neurons increases by day 14 and then maintains for up to 28 days. 
Peak responses to mechanical hindpaws stimulation increase in S1 and ACC cells within the first 
two weeks after SNI. The increased responses in S1 and ACC coincide with the development of 
hypersensitivity. Intraperitoneal injection with 30 or 100, but not 10mg/kg of gabapentin 
reversed mechanical hypersensitivity and mean firing rates and peak responses of ACC neurons. 
However, gabapentin did not have an effect on S1 neurons, despite reversing mechanical 
hypersensitivity. These data suggest that S1 and ACC are differentially affected by peripheral 
nerve injury with increases in neuronal activity occurs first in the ACC during induction and then 
in S1 during maintenance. Gabapentin preferentially affects ACC neurons suggesting that it may 
exert an effect in modulating the processing of pain affect. 

Disclosures:  M.A. Nothem: None. A. Graziano: None. J. Barrett: None. 

Poster 

613. Central Mechanisms of Pain 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 613.03/HH5 

Topic: D.02. Somatosensation: Pain  

Support: NRF of Korea, MRC, 2012R1A5A2A44671346 

Title: Chronic neuropathic pain is mediated by reduced metabotropic glutamate receptor 5 
activity within the periaqueductal gray 

Authors: *G. CHUNG1,2, H. SHIM1, C. KIM1, J. LEE1,3,4, Y. KIM1, S. KIM1,2;  
1Seoul Natl. Univ. Col. of Med., Seoul, Korea, Republic of; 2Dept. of Brain and Cognitive Sci., 
Seoul Natl. Univ. Col. of Natural Sci., Seoul, Korea, Republic of; 3Dept. of Herbal Resources, 
Wonkwang University, Professional Grad. Sch. of Korean Med., Iksan, Korea, Republic of; 
4Hanbang Body-fluid Res. Ctr., Wonkwang Univ., Iksan, Korea, Republic of 



Abstract: Endogenous descending pain modulatory system in the brain is the final arbiter for the 
emergence of the chronic pain. Typically, however, majority of pain studies have focused on 
peripheral and spinal mechanisms, so that the mechanisms which lead to the switch of the 
endogenous modulatory system have not been studied. Here we demonstrate that the 
metabotropic glutamate receptor 5 (mGluR5) in the periaqueductal gray (PAG) is the molecular 
executor which determines mode of action of endogenous pain modulatory system. Using brain 
imaging, electrophysiological recordings and behavioral experiments, we show that the mGluR5 
in the PAG (PAG-mGluR5) is persistently active in a normal condition and this activity is 
necessary to regulate sensory perception in an appropriate range. This mGluR5 activity is 
declined in chronic neuropathic pain condition, which leads to dysfunction of pain modulation. 
Notably, we found that the long-lasting mechanical hypersensitivity is produced in the naïve 
animals by single-time blockade of mGluR5 in the PAG. This suggests that the suspension of the 
PAG-mGluR5 is able to induce chronic failure of pain modulatory system, not merely transient 
dysfunction. Our findings provide new insight into how the endogenous pain modulatory system 
becomes dysfunctional as it contributes to chronic neuropathic pain 
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Abstract: The central nucleus of the amygdala (CeA) is well known to play pivotal roles in 
various aspects of emotional learning. This nucleus is also a key structure in nociception-emotion 
link as it receives nociceptive information directly from the superficial layer of the dorsal horn 
via the lateral parabrachial nucleus (LPB). Recently, it has been shown that the CeA not only 
receives nociceptive information to affect emotional behaviors but also actively modulates 
nociceptive sensitivity. We have recently demonstrated that direct monosynaptic glutamatergic 
inputs from the LPB not only excite CeA neurons but also regulate CeA network signaling 
through robust feed-forward inhibition, suggesting that the activity of CeA network, including its 
output, is under plastic modulation in pain chronification (Sugimura et al., J Neurophysiol, 
2016). As one of the major targets of the CeA output is the periaqueductal gray (PAG), a primary 
nucleus for descending pain modulation, we sought to examine how outputs from the CeA 
subsequently affects PAG neurons. To address this issue, we analyzed the CeA-PAG synaptic 
transmission by using whole-cell patch-clamp technique and optogenetics. We transfected AAV 
vector for channelrhodopsin-2 (ChR2)-YFP expression to the CeA in 4-5-week-old male Wistar 
rats or VGAT-Cre rats and prepared brain slices containing the PAG more than 5 weeks after 
transfection. In the ventrolateral PAG (vlPAG), fibers with YFP fluorescence were observed, and 
blue light stimulation evoked monosynaptic inhibitory postsynaptic current (IPSC) with very 
small latency fluctuation in vlPAG neurons. Moreover, IPSC amplitude was decreased by the 
application of a mu opioid receptor agonist, DAMGO, and this inhibitory effect of DAMGO was 
stronger in the formalin-induced inflammatory pain model than in the naïve rats. These results 
suggest that the plastic changes in CeA-PAG synaptic transmission in the sustained pain state 
might play a role in determining nociceptive sensitivity via the descending pain modulatory 
system. 
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Abstract: Diffuse noxious inhibitory control (DNIC) is an endogenous, bottom-up, pain 
modulatory system in which one painful stimulus inhibits another painful stimulus. DNIC is 
tested by the concurrent application of a noxious conditioning stimulus and a noxious test 
stimulus to remote locations on the body. The application of the conditioning stimulus increases 
the pain threshold to the test stimulus in subjects with efficient DNIC. A loss of DNIC, also 
termed conditioned pain modulation (CPM), has been demonstrated in humans with idiopathic 
pain disorders, including chronic migraine and medication overuse headache (MOH). Stress is 
commonly reported as a trigger for migraine and dynorphin, an endogenous agonist at kappa 
opioid receptors (KORs), has been shown to be necessary for aversive behavioral responses to 
stressors; norbinaltorphimine (nor-BNI), a KOR antagonist, blocks aversive behaviors to stress. 
The amygdala provides an emotional component to sensory information and is part of the 
affective pain system. Thus, activity at KORs within the amygdala might cause a lack of 
resilience to stressors. Drugs used for acute treatment of migraine, including opiates, produce 
MOH. We have previously demonstrated that priming animals with morphine produces a loss of 
DNIC that can be reversed by inactivation of the rostral ventromedial medulla revealing 
enhanced descending facilitation. We hypothesized that the loss of DNIC in morphine-primed 
rats would be prevented by blockade of KOR signaling following systemic nor-BNI or by 
microinjection into the central nucleus of the amygdala (CeN). Male S.D. rats were given 
morphine or vehicle continuously for seven days. Two weeks after the end of drug treatment rats 
were stressed by exposure to bright lights (BLS) for one hour on two consecutive days. Two 
hours after the second BLS DNIC was tested by giving rats a forepaw capsaicin injection and 
applying the Randall-Selitto paw pressure test to the hindpaw. Nor-BNI was given by 
subcutaneous injection or into the right CeN one hour prior to each BLS session. Rats with 
previous exposure to morphine showed a loss of DNIC compared to controls. Nor-BNI given 



systemically or into the right CeN prevented the loss of DNIC in morphine-treated rats. These 
results show that signaling at KORs has a critical role in impairment of the DNIC response in 
MOH. These results also show that the CeN is important in the regulation of the DNIC response 
in MOH rats. The CeN receives inputs from stress circuits and has outputs to descending pain 
modulatory centers highlighting the possibility of KOR-mediated enhanced descending 
facilitation as an amplifier of stress-induced hyperalgesia relevant to migraine pain. 

Disclosures:  K.M. Nation: None. P.I. Hernandez: None. D.W. Dodick: None. F. Porreca: 
None. 

Poster 

613. Central Mechanisms of Pain 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 613.06/HH8 

Topic: D.02. Somatosensation: Pain  

Title: Morphine metabolites and their role in mediating the sexually dimorphic effects of 
morphine. 

Authors: *H. H. DOYLE, A. Z. MURPHY;  
Neurosci. Inst., Georgia State Univ., Atlanta, GA 

Abstract: Both preclinical and clinical studies utilizing a variety of pain assays report that the 
effective dose for morphine is approximately 2-fold higher in females than males. Our lab has 
recently reported that chronic administration of morphine activates microglia and astrocytes 
within the periaqueductal gray (PAG), a critical site for the pain-relieving effects of morphine. 
Following administration, ~90% of morphine is converted into two active metabolites: 
morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G), each with distinct 
pharmacological profiles. M6G binds exclusively to µ opioid receptors (MOR) and is a potent 
analgesic; in contrast, M3G binds exclusively to the glial innate immune receptor, toll-like 
receptor 4 (TLR4). TLR4 activation by M3G initiates a neuroinflammatory response that directly 
opposes the analgesic effects of both morphine and M6G. In rats, M3G serum concentrations are 
2-fold higher, and M3G:morphine ratio is ~5.5-fold higher in females than males. The present 
studies tested the hypothesis that increased M3G levels, and subsequent TLR4 activation of glia, 
are a primary mechanism driving the attenuated response to morphine observed in females. We 
report that intra-PAG administration of M6G resulted in a greater analgesic response in females 
relative to males, such that sex differences in analgesia were abolished. Similarly, intra-PAG 
administration of M3G significantly attenuated the analgesic effects of systemic morphine in 



males and females. Together, these data implicate 3-glucuronide metabolites as a primary 
contributing factor in the attenuated response to morphine observed in females. 
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Abstract: The periaqueductal gray (PAG) is part of a descending nociceptive modulatory 
pathway. Opioid and dopamine neurons and receptors are found in the PAG and both contribute 
to PAG mediated antinociception. We have previously shown that microinjection of the 
dopamine receptor agonist apomorphine into the ventrolateral PAG (vlPAG) produces 
antinociception via a D2 receptor-mediated mechanism. The objectives of the present 
experiments were to determine whether the antinociceptive effects of apomorphine 
microinjections into the PAG are comparable in male and female rats (Experiment 1), whether 
opioid receptors contribute to apomorphine-induced antinociception (Experiment 2), and whether 
tolerance develops to repeated apomorphine microinjections (Experiment 3). Rats were 
implanted with a cannula aimed at the vlPAG for microinjection of the dopamine receptor 
agonist apomorphine (2.2, 4.6, 10, 22, & 46 µg/0.4 µl). Nociception was assessed using the hot 
plate test before and after microinjection of apomorphine. Experiment 1 showed that 
microinjection of apomorphine produced greater antinociception in male compared to female rats 
both in terms of potency and duration of action. Experiment 2 showed that blocking opioid 
receptors via naloxone (2 mg/kg, s.c.) enhanced apomorphine antinociceptive potency in male, 
but not female rats. Experiment 3 showed that repeated injections of apomorphine into the PAG 
enhanced apomorphine-mediated antinociception in both male and female rats. These data show 
that the antinociceptive effects of apomorphine are similar to morphine following PAG 
administration in producing a greater effect in male than female rats, but differ from morphine in 



that antinociception is enhanced after opioid receptor blockade or following repeated 
administration. 
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Abstract: Gabapentinoid, such as gabapentin and pregabalin, binds to α2δ subunit of calcium 
channels. Four α2δ subunit genes have been cloned and α2δ-1 subunit is thought to play an 
important role in pain transmission. Although gabapentinoids are widely used as an analgesic 
agent for neuropathic pain, the precise mechanism of gabapentinoids to produce an analgesic 
effect is not clear. LC, one of the nuclei of descending pain modulation system, has been 
reported to be the site of action of gabapentinoids. However, the location of α2δ-1 subunit in the 
LC has not been reported. In the present study, we examined the location of α2δ-1 subunit in 
nuclei of descending pain modulation system, such as LC and PAG, using 
immunohistochemistry technique. [Methods] The rats were anesthetized deeply and 
transcardially perfused with 4% paraformaldehyde. The brain was removed immediately and 
postfixed overnight at 4℃. Coronal sections were cut with a microtome at 50 µm. The sections 
were incubated with two antibodies of rabbit anti-α2δ-1 subunit (1:1000; OriGene, MD and 
ABGENT) for 24 hours at room temperature. The sections were then incubated for 3 hours with 
Donkey Anti-rabbit IgG (Alexa Fluor 488). The slices were observed and photographed under 
confocal laser scanning microscopy (FV 1200). [RESULTS] α2δ-1 subunit like 
immunoreactivity was not found in LC, but in parabrachial nucleus which was located next to 
LC. Some α2δ-1 subunit like immunoreactivities were found inner and outer circumference of 
PAG. [DISCUSSION] α2δ-1 subunit was expressed in nuclei of descending pain modulation 
system and descending pain modulation system may be one of the action site of gabapentinoids. 
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Abstract: Clinically, transcranial magnetic stimulation of the secondary somatosensory cortex 
(S2) attenuates neuropathic pain. The mechanisms, however, of pain attenuation by S2 
stimulation remain unclear. We therefore electrically stimulated the S2 in neuropathic rats and 
assessed the contribution to descending pain inhibition of the rostral ventromedial medulla 
(RVM). The model of neuropathy was spinal nerve ligation. Under light pentobarbital 
anesthesia, S2 stimulation prolonged the latency for paw withdrawal from heat. Pretreatment of 
the RVM with an agonist (8-OH-DPAT) of a 5-HT1A autoreceptor, however, prevented 
antinociceptive action of S2 stimulation. In the RVM, we recorded presumably antinociceptive 
OFF cells that decrease the discharge rate in response to heat, and presumably pronociceptive 
ON cells that increase it. In OFF cells, S2 stimulation delayed the onset of heat responses, 
whereas in ON cells, it shortened the duration. Additionally, in the spinal dorsal horn, we 
recorded wide-dynamic-range (WDR) cells that increase the discharge rate in response to a light 
touch and to heat. S2 stimulation suppressed heat responses in WDR cells. Spinal administration 
of a selective 5-HT1A receptor antagonist (WAY-100635), however, prevented suppression by S2 
stimulation of heat responses in WDR cells. We conclude that, in neuropathic rats, S2 
stimulation induces spinal antinociception through descending pathways extending throughout 
the RVM. Particularly, S2 stimulation induces analgesia-promoting discharge changes in OFF- 
and ON cells and activates spinally projecting serotoninergic cells acting on the spinal 5-HT1A 
receptor. 
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Abstract: Introduction: We previously reported that the transitional zone (TZ) in rat dysgranular 
cortex, which lies adjacent to the forepaw and hindpaw representations in somatosensory cortex 
(S1), contains neurons that respond to thermonoxious stimulation. When TZ is inactivated by 
injection of lidocaine or local cooling, responsivity to noxious stimulation is lowered in the 
contralateral limb, as measured by foot withdrawal in a heated water bath. In the present study, 
we examined whether inactivation of TZ alters the responsiveness of nociceptive neurons, 
recorded in the dorsal horn of the contralateral spinal cord, to thermonoxious skin stimulation. 
Methods: In rats maintained under isoflurane anesthesia, the skull over sensorimotor cortex was 
removed, and TZ was localized by microelectrode mapping of the exposed cortex using 
mechanical and thermonoxious stimulation. Thermonoxious stimulation was applied by lowering 
the hindlimb in a 50-51 degrees C heated water bath. Control water bath stimulation was set at 
41 degrees C. The spinal cord was then opened in the lumbar region (L1-L3) and a 
microelectrode was inserted into the upper dorsal horn laminae to isolate nociresponsive neurons 
there and record their responses to thermoneutral and thermonoxious stimulation. TZ was then 
ablated and the nociceptive dorsal horn neurons were retested with the same thermoneutral and 
thermonoxious stimuli. Electrolytic lesions were used to mark recording sites in spinal cord. At 
the end of experiments, rats were perfused, sensorimotor cortex flattened and cut tangentially to 
reveal the barrel field and the ablated site. Cortical and spinal cord sections were stained with 
cytochrome oxidase. Results: (1) Thermonoxious stimulation applied to the hindlimb activated 
neurons in the ipsilateral dorsal spinal cord and contralateral TZ. (2) Inactivation of TZ reduced 
the responsiveness of nociceptive spinal cord neurons to thermonoxious stimulation. (3) 
Following TZ inactivation, response of nociceptive dorsal horn neurons to thermonoxious 
stimulation became similar to their response to thermoneutral stimulation. Conclusion: These 



results strongly suggest that TZ plays an important role in pain perception through facilitatory 
modulation of nociceptive neurons in the spinal cord dorsal horn. 
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Abstract: Chronic itch, like chronic pain, is a major clinical problem. Despite the similarities 
between itch and pain, the underlying neural circuitry for itch is poorly understood, as is the 
mechanism by which itch is suppressed by pain. Profound analgesia occurs with stimulation of 
the periaqueductal gray, however the precise role of the PAG in itch is unknown. We 
hypothesized that specific subsets of neurons within the PAG could suppress itch and provide a 
neural substrate for the inverse interaction between itch and pain. To determine the role of PAG 
in mediating itch, we activated or inhibited PAG neurons using engineered G-protein coupled 
receptors (GPCRs) activated exclusively by synthetic, systemically administered small molecules 
(i.e., DREADD technology). Engineered excitatory (Gq) or inhibitory (Gi) GPCRs were 
expressed in PAG neurons via adeno-associated viral vectors. We found that chemogenetic 
activation of non-specific PAG neurons produced a reduction of itch, whereas inhibition of non-
specific PAG neurons resulted in enhanced itch. In contrast, when only the GABAergic neurons 
in the PAG were targeted, activation resulted in decreased itch, conversely inhibition of PAG 
GABAergic neurons resulted in increased itch. When glutamatergic neurons in the PAG were 
selectively targeted we found that activation led to enhanced itch, while inhibition neurons 



produced decreased itch. We conclude that the PAG is an essential neuronal substrate in 
mediating itch behaviors and is a neural control center for pruritus. 
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Abstract: Women are at substantially greater risk than men for many clinical pain conditions 
[1]. In addition, drugs which modulate neural dopamine (DA) represent an important novel 
analgesic, and yet their effects have never been studied in females. We hypothesized that female 
mice would be more sensitive to carrageenan-induced inflammation than males, that d-
amphetamine would be as effective as morphine in treating this pain, and DA neurons in the 
ventral lateral periaqueductal grey (vlPAG) mediate the analgesic effect. To test this hypothesis, 
we used DREADDs (Designer Receptors Exclusively Activated by Designer Drugs) to see if 
selective stimulation of DA neurons in the vlPAG could produce analgesia. Adult C57BL6 male 
and female mice received injections of carrageenan into the left hind paw to induce inflammatory 
pain, and thermal hyperalgesic responses were measured using the Hargreaves method. 
Afterwards, separate groups of mice were treated using intraperitoneal (i.p.) injections of 
morphine and D-amphetamine, and paw withdrawal latencies to a thermal stimulus were 
recorded. Adult DAT-cre mice then received bilateral injections of adeno-associated virus 
(AAV) carrying an excitatory DREADD (HM3Dq) in vlPAG. Mice receiving injections of AAV 
lacking the DREADD served as controls. After at least 4 weeks to allow for viral transfection, 
thermal hyperalgesia was tested in mice with carrageenan-induced inflammatory pain. 



Immunohistochemistry was used to confirm viral expression and co-localization. We found that 
the onset of inflammatory pain was significantly faster in female BL6 mice (n=6) as they were 
more sensitive to the thermal stimulus in the first 3 hours following carrageenan injection than 
the males (3.2±0.9s vs 6.0±2.1s, p<0.005). However, there was no difference in paw withdrawal 
latencies after 6hrs (2.0±0.3s vs 2.5±0.4s). Both males and females showed significant analgesic 
responses with 3 mg/kg morphine (n=6) and 3 mg/kg D-Amphetamine (n=6). Analgesia was also 
achieved in animals with DREADD activation of vlPAG DA neurons by CNO (n=9), as they 
showed no significant difference in paw withdrawal latencies between treated (8.2±1.7s) and 
untreated paws (9.3±1.6s). DREADD viral expression and co-localization in vlPAG DA neurons 
was confirmed. In summary, females exhibited faster onset of inflammatory pain and greater 
sensitivity to analgesic medications, but were effectively treated using both systemic 
administration of ᴅ-amphetamine as well as selective activation of DA neurons in the vlPAG. 
DA modulating agents may represent a novel new treatment for pain in both males and females. 
[1] Fillingim R, et al. J Pain 2009 May; 10(5): 447-485 
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Abstract: An important factor in both normal and clinically significant pain is the intrinsic pain-
modulating system, which regulates nociceptive processing via projections from the brainstem to 
the dorsal horn. The output of this modulating system, the rostral ventromedial medulla (RVM), 
can facilitate or suppress nociceptive transmission at the dorsal horn by the respective action of 



two distinct classes of neurons, “ON-cells” and “OFF-cells”. Both classes respond to noxious 
inputs: ON-cells are activated, leading to a “burst” of activity associated with behavioral 
responses to noxious stimulation, whilst OFF-cell firing is suppressed, producing a “pause” in 
any ongoing activity. However, the pathway through which noxious inputs drive changes in 
RVM activity is only now being defined. Anatomically, the RVM receives direct spinoreticular 
and trigeminal reticular inputs, as well as afferents from the parabrachial complex (PB), which is 
the major target of supraspinal projections from the superficial dorsal horn. The aim of this study 
was to test the hypothesis that noxious information is relayed to the pain-modulating neurons of 
the RVM via the PB, under basal conditions and in persistent inflammation. ON-cells and OFF-
cells were recorded in the RVM in lightly anesthetized rats. The reflex-related ON-cell burst and 
OFF-cell pause were attenuated or blocked by pharmacological inactivation of the lateral PB 
contralateral, but not ipsilateral, to the noxious stimulus. By contrast, in animals subjected to 
chronic inflammation (CFA in one hindpaw), block of PB ipsilateral to the inflamed paw 
interfered with the ON-cell burst and OFF-cell pause elicited by normally innocuous stimulation 
of that paw. This implies recruitment of a normally inactive pathway during inflammation. A 
direct PB input to RVM was demonstrated using optogenetic methods. Inactivation of 
archaerhodopsin-expressing PB terminals in RVM in normal animals interfered with both the 
ON-cell burst and OFF-cell pause. Activation of channelrhodopsin2-expressing PB terminals in 
RVM was able to drive RVM neurons in vivo, and in an RVM adult slice preparation, evoked 
synaptic currents. These data show that a substantial component of the relevant nociceptive drive 
to RVM pain-modulating neurons is relayed through the parabrachial complex, and that RVM 
neurons receive direct input from PB. While the contralateral PB relays noxious input under 
basal conditions, the ipsilateral PB is recruited in persistent inflammation. Thus, the parabrachial 
nucleus, well known as an important relay for ascending nociceptive information, also accesses 
descending control systems through a connection with the RVM. 
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Title: Posterior-hypothalamic modulation of nociception for male and female rats in a 
neuropathic pain model 
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Abstract: The aim of this study was to examine the effect of PH stimulation on nociception in 
female and male rats in a model of neuropathic pain. Female and male Sprague-Dawley rats 
received left sciatic nerve ligation to induce the thermal hyperalgesia of neuropathic pain (n = 4 - 
8). Fourteen days later, either carbamoylcholine (carbachol; 500nmol in 0.5 µl normal saline) or 
normal saline for control was microinjected into the left PH of each rat. Left paw withdrawal 
latency (PWL) from a thermal stimulus was measured at baseline and every 5 minutes for 45 
minutes. Two-way repeated measures ANOVA was conducted for statistical analysis using 
Sigma Stat. Data were excluded if microinjector placement was located outside of the PH. Left 
PH stimulation with 500 nmol of carbachol produced significant antinociception in left PWL in 
female neuropathic rats (10.33 ± 0.99 Vs 5.79 ± 0.92 sec for saline control; p = 0.005), but not 
male neuropathic rats (9.50 ± 1.58 Vs 7.36 ± 1.29 sec for saline control; p = 0.33). These 
preclinical findings are suggestive that the effectiveness of PH stimulation may be dependent on 
sex. 
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Abstract: The assertion of involvement of the nucleus accumbens in pain processing has been 
supported by findings of projections to and from the thalamus, somatosensory cortex, and 
anterior cingulate cortex, which send and receive signals along dopaminergic and glutamatergic 
pathways (Salgado et al., 2015). One specific affective network through the nucleus accumbens 
is an indirect pathway known to be associated with negative affect and acute aversive events 
(Ren et al., 2016). Because of suggested associations between the nucleus accumbens and pain 



processing, researchers have begun to examine analgesic effects of treatments such as deep brain 
stimulation targeted toward the nucleus accumbens and other striatal regions (Mallory et al., 
2012). It has previously been shown to be effective for treating Parkinson’s symptoms, OCD, 
depression, and chronic pain (Flora et al., 2010; Nauczyciel et al., 2013; Sturm et al., 2003). 
Furthermore, research from our laboratory has successfully produced an analgesic effect with 
deep brain stimulation of the VTA (Li et al., 2016), a structure known to project to the nucleus 
accumbens. The purpose of this study is to provide evidence of analgesia via stimulation in the 
nucleus accumbens. The hypothesis of the current study is that deep brain stimulation of the 
nucleus accumbens will alleviate acute inflammatory pain. To test this hypothesis, electrodes 
were implanted into the core of the left nucleus accumbens in male Sprague-Dawley rats. After 
seven days, the rats were tested for noxious heat by thermal paw withdrawal threshold test 
(TPWT) in order to demonstrate that implantation alone did not affect pain response, and to 
establish a baseline. Rats were given subcutaneous injections of .05mL of 3% formalin in the 
right hindpaw. A wireless stimulation module was attached to the implanted electrode. The 
TPWT was measured again before and after turning on the electrical stimulation at 1 ms pulse 
width, 100 Hz, and 5 V. Results show paw withdrawal latency significantly increased after 
stimulation of the nucleus accumbens (p < .001), indicating analgesia. However, there was still a 
significant difference between the latency of the right hindpaw post-stimulation and the left 
control hindpaw post-stimulation (p = .003), indicating that pain was alleviated by deep brain 
stimulation, but not totally reversed. In conclusion, intracranial stimulation of the nucleus 
accumbens appears to reduce acute pain response. 
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Abstract: Itch (or pruritus) is a skin sensation that provokes desire to scratch. The underlying 
mechanisms for the induction of itch are still unclear. ATP is an energy source and plays an 
important role in the cell signaling. ATP produces several physiological actions through 
purinoceptors. P2X3 receptors (P2X3Rs), a member of ATP-gated cation channels as a 
purinoceptor, are predominantly expressed in small-diameter primary afferent sensory neurons. 
A growing body of literature has indicated the participation of this channel in nociception. 
However, the role of P2X3Rs in itch remains unclear. In the present study, we investigated the 
function of P2X3Rs as itch-related receptors in primary sensory neurons. Intradermal injection of 
either αβ meATP (a P2X3R agonist) or ATP (an endogenous agonist of P2X3Rs) into the cheek 
of mice induced scratching, an itch-related response. A317491, a specific antagonist of P2X3Rs, 
inhibited αβ meATP-evoked scratching. Immunohistochemical analyses using Mrgpra3GFP-Cre 
transgenic mice revealed that some P2X3Rs were expressed in MrgprA3-positive neurons which 
are itch specific sensory neurons. Inactivation or deletion of MrgprA3-positive sensory neurons 
resulted in reduction of P2X3R-mediated scratching. Furthermore, scratching induced by P2X3R 
agonists was attenuated in mice lacking receptors for gastrin-releasing peptide (GRP), an itch-
inducing neuropeptide in the spinal dorsal horn. These findings indicate that activation of 
P2X3Rs in MrgprA3-positive primary afferent sensory neurons elicits the itch sensation through 
a pathway involving GRP receptors in dorsal horn neurons. 

Disclosures:  M. Shiratori-Hayashi: None. A. Hasagawa: None. H. Toyonaga: None. T. 
Andoh: None. Y. Kuraishi: None. K. Inoue: None. X. Dong: None. M. Tsuda: None. 

Poster 

614. Molecular Mechanisms of Itch and Pain 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 614.02/II2 

Topic: D.01. Sensory Disorders 

Support: NIH Grant HL124165 

 NIH Grant HL113023 

 NIH Grant AR061567 

 PCCM T32 Training Grant 

 ARCS Scholarship 



Title: Eosinophils increase thymic stromal lymphopoietin receptor expression in sensory nerves: 
a potential mediator of itch 

Authors: *Q. ROTH-CARTER1, J. J. LEE4, A. D. FRYER2, D. B. JACOBY3;  
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Abstract: Atopic dermatitis is an inflammatory disease of the skin primarily characterized by 
chronic itch. Our ability to develop effective therapies has been seriously limited by our lack of 
understanding of the neurobiology of itch in this disease. Itch is mediated by cutaneous sensory 
nerves, and interactions between sensory nerves and the immune system are key for the 
development of chronic itch in atopic dermatitis. Using a mouse model of atopic dermatitis we 
have found that the eosinophil (an immune cell), and specifically the eosinophil granule protein 
eosinophil peroxidase (EPX), are required for itch in atopic dermatitis. Supporting this finding, 
eosinophils are elevated and localize to sensory nerves in the skin of patients with atopic 
dermatitis. However, the mechanism by which eosinophils activate sensory nerves to induce is 
unknown. A recent finding that cytokine thymic stromal lymphopoietin (TSLP) activates sensory 
nerves to induce itch led to our hypothesis that eosinophils induce itch in atopic dermatitis by 
increasing TSLP expression and enhancing TSLP signaling in nerves supplying skin. To address 
this hypothesis primary cultures of keratinocytes from skin were treated with EPX and its 
substrates hydrogen peroxide and bromide, and 12 hours later TSLP was measured. EPX and its 
substrates hydrogen peroxide and bromide significantly increased TSLP gene expression in 
keratinocytes, and significantly increased TSLP in media. Neither EPX alone, nor hydrogen 
peroxide and bromide had any effect on TSLP. In separate experiments, co-culture of eosinophils 
with sensory nerves from dorsal root ganglia significantly increased gene expression for TSLP 
receptors in sensory nerves. These data show that eosinophils and eosinophil proteins are 
sufficient to induce expression of TSLP in keratinocytes and TSLP receptors in sensory nerves. 
These data suggest that eosinophils may mediate itch in atopic dermatitis by increasing TSLP in 
skin and TSLP receptors on sensory nerves, and that eosinophils and TSLP receptors may be 
therapeutic targets to treat itch in atopic dermatitis. 
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Title: Role for NRTN in spontaneous itch and density of nonpeptidergic intraepidermal fibers in 
a mouse model of psoriasis 
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Abstract: Chronic itch is the most troublesome symptom of psoriasis, a chronic autoimmune 
skin disease of scaling and inflammation. The imiquimod-induced psoriasis mouse model has 
been reported as a useful model to investigate chronic itch in psoriasis. Neurotrophins are 
thought to be involved in chronic itch through increasing the density of epidermal nerve fibers. 
We presently investigated if neurotrophins affect the density of intraepidermal fibers and are 
involved in chronic itch in the imiquimod-induced mouse model of psoriasis. Psoriasis-like skin 
lesions were produced by daily topical application of imiquimod on the back skin of adult 
C57BL/6 mouse. Over the time course of imiquimod treatment, the density of epidermal 
nonpeptidergic nerves significantly increased, while the density of peptidergic nerves 
significantly decreased. Epidermal nonpeptidergic nerves expressed GDNF family receptor 
alpha-2, neurturin (NRTN) receptor. NRTN immunoreactivity increased in the skin of 
imiquimod-treated mice. To block the biological effects of NRTN, a NRTN-neutralizing 
antibody was intradermally injected into the imiquimod treatment area before each topical 
application. The NRTN-neutralizing antibody significantly inhibited the increase in 
nonpeptidergic nerve density as well as spontaneous scratching, a behavior associated with 
chronic itch. These results indicate that NRTN contributes to an elongation of nonpeptidergic 
nerves in the skin of imiquimod-treated mice that is likely involved in chronic itch. Therefore, 
inhibition of NRTN could be a potential treatment for chronic itch in psoriasis. 
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Title: Optogenetic activation of ear innervating MRGPRD+ neurons induces itch behavior 
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Abstract: Itch is a unique sensory experience that elicits a desire to scratch. However, 
pathological itch can arise from a wide variety of neurological disorders and become debilitating. 
Itch can be classified as either histaminergic or nonhistaminergic based on the involvement of 
histamine, a pro-inflammatory compound released from immune cells. While most existing 
research has focused on investigating histaminergic itch, the molecular and circuit mechanisms 
governing nonhistaminergic itch are still poorly understood. Recent work has identified the 
MRGPR family of G protein coupled receptors (GPCRs) as the main receptors for detecting 
nonhistaminergic itch inducing compounds. Many of these GPCRs are expressed by the primary 
sensory neurons that convey itch, which include small diameter C-fiber dorsal root ganglion 
(DRG) and trigeminal ganglion (TG) neurons that carry information into the spinal cord and 
medulla. A subset of these neurons express MRGPRD and are polymodal nociceptors in that 
they mediate various modalities of both pain and itch at the behavioral level. However, how such 
a task is accomplished is unclear. 
Here, we generated a new mouse line in which an inducible Cre-recombinase is knocked into the 
Mrgprd locus. We were then able to specifically express channelrhodopsin (ChR2) in 
MRGPRD+ neurons and use blue light to activate their peripheral terminals in the ear skin of 
awake and behaving mice, showing that these mice preferentially scratched the area of 
stimulation after light exposure. To our knowledge, our experiments are the first example of 
optogenetically induced itch, and provide evidence that a subset of neurons are preferably tuned 
to mediate itch within the MRGPRD+ neuron population. In addition, we demonstrate that 
optogenetically activated itch lasts for at least an hour after stimulation, suggesting the existence 
of mechanisms for generating the persistence of itch sensation. Furthermore, compared with the 
use of direct chemical injections for inducing itch, our optogenetic method is less invasive, 
temporally precise, and the population of activated neurons is unambiguous. Thus, our work lays 
a foundation for further study of the mechanisms underlying nonhistaminergic itch. 
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Abstract: Riboflavin has various therapeutic effects, such as anti-cancer, anti-oxidant, and anti-
inflammatory activities. Riboflavin is considered to be important for blockage of transient 
receptor potential vanilloid 1 (TRPV1), which plays an important role in itch and pain. While 
riboflavin is known to have therapeutic effects, histamine, a major agitator in various skin 
diseases, provokes itching by exciting a subset of sensory neurons, predominantly C-fibers. In 
the recent study, we investigated the effects of riboflavin on itch behaviors in histamine-itching 
mouse model, and as an attempt to explain its mechanism, we characterized inhibitory effects of 
riboflavin on TRPV1 in dorsal root ganglion (DRG) neurons. DRG neurons were classified into 
two types on the basis of their neurochemical and electrophysiological properties such as cell 
size, and inward current of capsaicin and histamine by using whole-cell patch clamp. Riboflavin 
reversibly inhibited TRPV1 current by capsaicin and histamine in 
TRPV1+/Capsaicin+/Histamine+ and TRPV1 transfected HEK293 cells. Effects of riboflavin 
were also observed in vivo, where itching behavior was reduced in riboflavin-fed mice. 
However, riboflavin failed to diminish Hargreaves test, which was attributable to the blockade of 
other TRPV1 pathways. Taken together, these results suggest that riboflavin may serve as an 
anesthetic agent for other itching conditions. Key word. Riboflavin, TRPV1, Itch, Histamine, 
Capsaicin, channel blocker 
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Abstract: Atopic dermatitis (AD) is a severe and chronic inflammatory skin disease. The itching 
is its major symptom in AD patients. The scratching induced by the itch sensation aggravates 
dermatitis and furthermore increases the frequency of itching. Therefore, itch control is very 
important to improve quality of life and to treat AD. However, the underlying mechanisms of 
itching in AD patients are still unknown completely. Thromboxane (TX) A2 is an arachidonic 
acid metabolite produced by catalysis with COX and TX synthase (TXSyn). Our previous report 
has shown that an intradermal injection of TXA2 analogue U-46619 elicits itch-related responses 
in mice, suggesting that TXA2 is an itch mediator. In this study, to investigate the mechanisms 
underlying itch in AD, we examined whether TXA2 was involved in spontaneous scratching, an 
itch-related response, in NC mice with AD-like skin lesions (dermatitis mice). The spontaneous 
scratching in dermatitis mice was inhibited by TP TXA2 receptor antagonist ONO-3708. The 
mRNA expression of TXSyn and the concentration of TXB2, a metabolite of TXA2, were 
increased in lesional skin. The immunoreactivity of TXSyn was detected in epidermis, especially 
stratum spinosum and granular layer. In addition, the primary afferents were elongated into 
epidermis in dermatitis mice. TP receptor was expressed in primary cultures of dorsal root 
ganglion (DRG) neurons. U-46619 activated primary cultures DRG neurons. These result 
suggest that TXA2 produced in keratinocytes elicits itch-related responses through the activation 
of TP receptor on primary afferents in dermatitis mice. 
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Title: MCP-1/CCR2 signaling elicits itch- and pain-like behavior in a murine model of allergic 
contact dermatitis 
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Abstract: Spontaneous itch and pain are the most common symptoms in various skin diseases, 
including allergic contact dermatitis (ACD). Monocyte chemoattractant Protein-1 (MCP-1) is a 
chemokine produced by a variety of non-neuronal cell types during the elicitation phase. The 
chemokine MCP-1 (CCL2) and its receptor CCR2 are involved in the pathophysiology of ACD; 
but little is known of the role of MCP-1/CCR2 for the itch and pain accompanying this disorder. 
C57BL/6 mice previously sensitized to the hapten, squaric acid dibutyl ester, applied to the 
abdomen were subsequently challenged twice with the hapten delivered to either the cheek or to 
the hairy skin of the hind paw resulting in contact hypersensitivity (CHS, the murine model of 
ACD) at that site. By 24 h after the 2nd challenge to the hind paw MCP-1 and CCR2 mRNA, 
protein, and signaling activity were upregulated in the dorsal root ganglion (DRG). Calcium 
imaging and whole-cell current-clamp recordings revealed that MCP-1 directly acted on its 
neuronal receptor, CCR2 to directly activate a subset of small-diameter, nociceptive-like DRG 
neurons retrogradely labeled from the CHS site. Intradermal injection of MCP-1 into the site of 
CHS on the cheek evoked site-directed itch- and pain-like behaviors which could be attenuated 
by prior delivery of an antagonist of CCR2. In contrast, MCP-1 failed to elicit either type of 
behavior in control mice. Results are consistent with the hypothesis that CHS upregulates MCP-
1/CCR2 signaling in a subpopulation of cutaneous small diameter DRG neurons and that MCP-1 
can activate these neurons through neuronal CCR2 to elicit itch and pain. Targeting the MCP-
1/CCR2 signaling might be beneficial for the treatment of allergic itch and pain in humans. 
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Title: Investigating the role of Piezo2 in neuropathic pain 
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Abstract: Neuropathic injury has been known to cause behavioral sensitivity to mechanical 
stimuli through a combination of central and peripheral sensitization mediated by sensory 
neurons. However, the molecular mechanism underlying the role of a mechanosensitive ion 
channel at the periphery remains unknown. We have previously shown that Piezo2, a 
mechanically activated ion channel, is expressed in a subpopulation of sensory neurons, and is 
essential for touch sensation and proprioception in mice. In the current study, we investigated the 
role of Piezo2 in touch-evoked pain after nerve injury. We find that, after subjecting mice to the 
chronic constriction injury (CCI) neuropathic pain model, mice lacking Piezo2 continue to 
display mechanical allodynia, a heightened response to low mechanical forces. These results 
suggest that injury-mediated peripheral sensitization occurs via a pathway independent of 
Piezo2, or that in the absence of Piezo2 a compensatory mechanism contributes to mechanical 
hypersensitivity. 
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Title: Mrgb2 contributes to mechanical and thermal allodynia in animal models of inflammatory 
and neuropathic pain 
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Abstract: Aim of Investigation: As one of the key effector cells in the inflammatory process, 
mast cells are an important contributor to pain pathophysiology. The role of mast cells in 



mediating postoperative pain is incompletely understood, although studies using mast cell 
stabilizers demonstrate that this immune cell is involved in contributing to nociception in animal 
models of postoperative pain. Thus, there is a compelling need for fundamental research aimed at 
understanding the mechanisms of mast cells in postoperative pain. Methods: Towards this 
objective, our lab has previously published data identifying a novel mast cell specific receptor, 
Mas-related G-protein-coupled receptor B2 (MRGB2) and its human orthologue, MRGX2, in 
non-allergenic activation of mast cells. To evaluate the role of MRGB2 in postoperative pain we 
utilized a hindpaw incision model. After baselines were measured, mice were anesthetized and a 
5-mm incision beginning 2 mm from the proximal edge of the right heel was made. Curved 
forceps elevated the underlying muscle. A mattress suture of 8-0 nylon on a TG175-8 needle 
were then used to close the incision. Antibiotic ointment (Bacitracin Zinc Ointment) was then 
applied. As neuropathic pain has also been reported in patients post-surgery we evaluated the 
role of MRGB2 in nerve injury utilizing a chronic constriction model (CCI). After baselines 
were measured, mice were anesthetized and the sciatic nerve was exposed at the level of the 
middle of the thigh by blunt dissection. Three ligatures (silk 6-0) were tied loosely around the 
nerve with about 1 mm spacing and the incision was closed in layers. Results: Male C57bl/6 
wild-type (WT) or MRGB2KO (n=6/group) were tested 24 h after incision surgery. Behavioral 
testing was done utilizing the radiant heat test and Von Frey filaments. At 24 hours post-surgery 
we saw significant reduction in both mechanical and thermal allodynia in MRGB2 KO mice but 
not WT. In the CCI model of neuropathic pain, similar results were observed. Behavioral testing 
was done 14 days after surgery, and we saw significant reduction in both mechanical and thermal 
allodynia in MRGB2 KO mice but not WT. Conclusion: Results indicate that mast cells 
contribute to postoperative allodynia via MRGB2 and contribute to the thermal and mechanical 
allodynia seen in a neuropathic pain model. Further study of the mechanisms underlying the role 
of this receptor in mediating incision induced pain may provide potential strategies for the 
development of novel analgesics to treat debilitating postoperative and neuropathic pain. 
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Abstract: Slack (Slo2.2, KCNT1) channels are sodium activated potassium channels that are 
widely expressed in nervous system, such as dorsal root ganglia, spinal cord and brain. The role 
of Slack channels in pain sensing is still in debating (Lu R, et al 2015;Huang F, et al 2013). In 
this abstract, we reported that Slack channels regulate mechanical pain sensing but do not alter 
thermal or cold pain sensing by examining Slack channel knockout mice. In addition, we found 
that Slack channels are richly expressed in IB4 positive Drg neurons but are relative lower 
expressed in CGRP and NF200 positive Drg neurons. Electrophysiological data showed that 
mediate and small Drg neurons of Slack KO mice have increased firing rate and higher resting 
potentials than mediate and small Drg neurons of WT mice. But the large Drg neurons of Slack 
KO mice did not show different excitability with large Drg neurons of WT mice. However, the 
Slack channels also are richly expressed in Spinal cord, especially in dorsal horn. 
Immunostaining, in situ hybridization and electrophysiological study showed that spinal cord 
mechanism is also important for Slack channel’s role in pain sensing. 
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Abstract: Work from our laboratory has shown that inflammation (neuritis) can cause intact 
nociceptive axons to become mechanically sensitive (1). Such axonal mechanical sensitivity 
(AMS) may underlie movement-evoked radiating pain. Axonal transport is disrupted at the 
neuritis site (2), and we have hypothesised that transported mechanically sensitive ion channels 
may be accumulating at this site, leading to AMS. In this study, we have examined the 
physiological properties of mechanically sensitive axons and have begun to identify a potential 
role for TRP channels. In anaesthetised adult male Sprague Dawley rats, a strip of absorbable 
gelatin sponge saturated in either 0.1mM vinblastine (n=5) or complete Freund’s adjuvant (n=3) 
was wrapped around the sciatic nerve as previously described (2). Vinblastine disrupts axonal 
transport in the absence of inflammation or degeneration and causes intact C-fibre axons to 
develop AMS (2). Three to 5 days post-surgery, the sciatic nerve was extracted and maintained 
at 32 °C in a recording bath that was perfused with oxygenated synthetic interstitial fluid. Single 
unit extracellular recordings from teased C-fiber axons were performed. The nerve was 
mechanically stimulated using a silicone tipped probe. Once a mechanically sensitive ‘hotspot’ 
had been located, a feedback-controlled mechanical stimulator (Aurora Scientific) was used to 
apply increasing forces to the nerve (20-250mN; duration of each stimulus: 2 sec). A ring was 
positioned over the nerve at each ‘hotspot’ to allow 10-50µM ruthenium red, a TRP channel 
blocker, to be applied. Force-discharge relationships were reassessed following the application of 
these agents. TRPV1 channel expression at the treatment site was also examined using 
immunohistochemistry. AMS ‘hot spots’ were identified at the treatment site in vinblastine-
treated and neuritis nerves. There was a positive relationship between force applied and firing 
rate (vinblastine, r2 = 0.66, n=10; neuritis r2 = 0.35, n=7). The mean thresholds for AMS were 
79mN (SEM +/- 16) in vinblastine-treated and 47mN (SEM +/- 6) in neuritis nerves. 50uM 
ruthenium red increased the threshold of mechanical sensitivity by 38.5% (SEM +/- 10) and 31% 
(SEM +/- 37) respectively. Preliminary immunohistochemical data revealed TRPV1 labelling at 
the treatment site. In summary, our data has revealed a role for TRP channels in the development 
of AMS. Therefore, drugs that target TRP channels may be effective in the treatment of radiating 
pain. 
1. Dilley et al 2005, Pain 117: 462-72 2. Dilley et al 2013, J Pain 14:1437-49 
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Abstract: Voltage-gated ion channels are implicated in the development and maintenance of 
chronic pain. However, their exact roles in chronic pain, particularly in neuropathic pain, have 
yet to be elaborated as their roles could vary depending on the nature of the pathology and over 
time. Thus, formulating an ion channel-based treatment strategy will depend on understand the 
role of ion channels across a number of painful neuropathies and their chronological expression. 
The current study quantified changes over time of voltage-gated sodium channels (Nav) and the 
Ca2+ channel α2δ-1 subunit in lumbar dorsal root ganglia (DRG) in mice with either a spared 
nerve injury (SNI) or a partial sciatic nerve ligation (PSNL). Following nerve injury surgery, 
hind paw responsiveness to mechanical, cold and heat stimulation were assessed weekly. 
Following behavioral testing, total RNA was extracted from L3-L5 DRG and expression of Nav. 
1.7, 1.8, 1.9 and calcium channel α2δ-1 subunit was quantified with real-time PCR. Following 
SNI, mice exhibited significantly increased sensitivity to tactile and cold stimuli (hyperalgesia) 
within 3 days of surgery, which lasted 6 weeks after surgery. PSNL mice gradually increased 
cold hyperalgesia after surgery. Heat hyperalgesia was observed in both models for the duration 
of the observational period. Expression of Nav1.7 mRNA in either model did not change over 
the course of the observational period. Expression of Nav1.8 and Nav1.9 mRNA in the PSNL 
was decreased three days after surgery. Compared to control (non-injured) mice, Nav1.8 and 
Nav1.9 in both models were decreased 25% and 27% respectively three weeks after injury. Six 
weeks after injury, expression of Nav1.8 and Nav1.9 in both models did not significantly differ 
from that of control mice. Compared to control mice, expression of α2δ-1 mRNA in both models 
was immediately increased three days and about 3-fold beginning 1 week after surgery. Six 
weeks after injury, SNI mice showed higher expression of α2δ-1 compared to PSNL mice. The 
current findings suggest that Nav1.8 and α2δ-1 contribute to the transition from an acute to 
chronic pain state since their expression in both neuropathic pain models changed over time. 
However, 6 weeks after surgery, α2δ-1 expression was still significantly altered, whereas Nav 
expression returned to control levels. The findings suggest that targeting α2δ-1 expression, rather 
than Nav, during the chronic phase could be crucial in alleviating persistent neuropathic pain. 

Disclosures:  H. Kaburagi: None. A. Sumi: None. T. Hirai: None. Y. Wakabayashi: None. T. 
Yokota: None. A. Okawa: None. M. Enomoto: None. 



Poster 

614. Molecular Mechanisms of Itch and Pain 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 614.13/II13 

Topic: D.02. Somatosensation: Pain  

Support: NIH Grant 5T32NS007484 

Title: Functional and transcriptional changes in somatosensory neurons after peripheral nerve 
injury. 

Authors: *I. TOCHITSKY1,3, S. LEE3, I. CHIU2, C. WOOLF3;  
1Harvard Med. Sch., Brookline, MA; 2Microbiology and Immunol., Harvard Med. Sch., Boston, 
MA; 3Neurobio., Boston Children's Hosp., Boston, MA 

Abstract: Neuropathic pain is a common disorder typically caused by disease of or damage to 
the peripheral nervous system. Spontaneous pain is a major feature of neuropathic pain disorders. 
This ongoing pain is thought to be generated by the ectopic activity of peripheral somatosensory 
neurons which is caused not by any external stimulus but rather the intrinsic hyperexcitability of 
injured neurons. Unfortunately, our current understanding of this ectopic activity is incomplete. 
In particular, it is not known which subtypes of peripheral sensory neurons become 
spontaneously active after nerve injury or what changes in gene expression cause their 
hyperexcitability. Here, we present functional and transcriptional data exploring the changes that 
take place in injured somatosensory neurons and drive their hyperexcitability. We used the 
spared nerve injury in mice as an animal model of neuropathic pain. Spared nerve injury leads to 
pain behaviors such as heat and mechanical hyperalgesia, and mechanical allodynia, which are 
also present in patients with neuropathic pain. One week after injury, we dissected and cultured 
the ipsilateral injured and contralateral uninjured lumbar L3 and L4 dorsal root ganglia (DRG) 
neurons in vitro and then performed a range of functional and transcriptional analyses on these 
cultured neurons. We observed a higher incidence of spontaneous activity in the ipsilateral DRG 
neurons as compared to the contralateral DRG neurons using both patch clamp electrophysiology 
and calcium imaging methods. Additionally, the injured DRGs were less excitable to a variety of 
electrical stimuli. We also observed a lower current density of voltage gated potassium currents 
in the ipsilateral DRG neurons, which would be consistent with their hyperexcitability. We 
confirmed the deficit in potassium channel function using the thallium assay, which involves 
imaging potassium flux into DRG neurons. Finally, we performed a transcriptional analysis on 
the injured vs uninjured DRG neurons and found a number of differences in ion channel 
expression that are associated with injury-induced hyperexcitability. We believe that our 
combined functional and transcriptional analysis may help identify new drug targets for the 
treatment of neuropathic pain and may lead to the development of improved therapeutics. 
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Abstract: The ability to gain genetic access to light touch-sensing Aβ primary sensory neurons 
would be broadly enabling to the study of normal and pathological sensory processing. To that 
end, we have characterized a new knockin-in Cre-driver line that expresses under the control of 
the Vesicular Glutamate Transporter 1 (VGLUT1) gene locus. To examine whether VGLUT1-
Cre shows faithful expression in VGLUT1-expressing (dorsal root ganglia) DRG neurons, we 
crossed VGLUT1-Cre with a floxed Channelrhodopsin-EYFP (ChR2) reporter line (Ai32). The 
resulting cross, VGLUT1-ChR2, both marks VGLUT1-positive neurons and also allows for 
optogenetic control of this neuronal population. Extensive characterization of the VGLUT1-
ChR2 line by immunofluorescence microscopy demonstrated that VGLUT1-ChR2 is expressed 
in medium- and large-sized DRG neurons and colocalizes with Parvalbumin, Ret, Piezo2, and 
Neurofilament 200 (NF200). Moreover, the ChR2-EYFP neurons showed virtually no 
colocalization with the nociceptive markers IB4, Peripherin, and CGRP, demonstrating that 
ChR2-EYFP expression is not present in nociceptors. In the spinal cord, VGLUT1-ChR2 fibers 
were observed specifically in the deep dorsal horn (lamina III-V), dorsal column, and to a lesser 
extent, the ventral horn, consistent with the features of myelinated A-fibers. In the skin, ChR2-
EYFP is present in Meisnner Corpuscles, Hair Follicles and Merkel Cell-Neurite complexes, 
indicating that the VGLUT1-ChR2 population encompasses both rapidly adapting and slowly 
adapting subtypes of Aβ fiber. Optogenetic photostimulation of the plantar hindpaw in awake, 
behaving animals showed clear innocuous responses to photostimulation, namely paw lifting and 
ambulation, but never any nocifensive responses such as licking, biting, flinching or jumping. 



Taken together, these results strongly suggest that the VGLUT1-ChR2 line is a specific tool for 
the manipulation of low-threshold A-fibers. With this tool in hand, we are now using the 
VGLUT1-ChR2 mouse to interrogate the specific contributions of Aβ fibers to pain in models of 
inflammatory and neuropathic conditions. 
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Abstract: The calcium-activated chloride channels (CaCC) are involved in several physiological 
processes including neuronal regeneration and sensory transduction. Four genes encoding for 
bestrophins (Best) have been reported, the first channels to settle within CaCC family. Although 
Best-1 has been involved in neuropathic pain, the expression profile in individual dorsal root 
ganglia (DRGs) of this channel is lacking. The purpose of this study was to determine the 
expression of Best-1 in individual L4, L5 and L6 DRGs in rats subjected to the spinal nerve 
ligation (SNL). Best-1 was expressed in L4, L5 and L6 DRGs of naïve and sham-operated rats. 
SNL increased Best-1 protein expression in L5 and L6, but not in L4, DRGs. Of note, SNL 
enhanced Best-1 protein expression in L5 DRG at 1 day after nerve injury, while it increased 
Best-1 protein expression in L6 DRG at 14 and 21 days after injury. Likewise, SNL rose protein 
expression of the nerve injury marker activating transcription factor 3 (ATF3) in L5 and L6, but 
not L4, DRGs. Since Best-1 has been involved in nerve regeneration and pain, our results 
suggest that Best-1 channels could contribute to axonal regeneration and nociceptive processing 
after nerve injury. 
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Abstract: Hydrogen sulfide (H2S) is a gasotransmitter that produces a pronociceptive effect in 
many nociceptive models, but little is known about the molecular targets involved in such effect. 
The aim of this work was to establish the participation of TRPC receptor in the nociception 
induced by H2S in peripheral neuropathy associated with diabetes. Hyperglycemia was induced 
by streptozotocin (60 mg/kg, ip) in Wistar rats, which had values of glucose >350 mg/dL within 
2 weeks. Nociception was evaluated by injection of 0.5 % formalin into the right hind paw of the 
rat. Local peripheral ipsilateral, but not contralateral, injection of H2S (100 µg/paw) increased 
nociceptive behavior. Moreover, pronociceptive effect of H2S was prevented by local 
administration of SKF96365 (TRPC receptor antagonist; 30, 100 µg/pata) and GsMTx4 (TRPC1 
and TRPC6 receptor selective antagonist; 1, 5.6 µg/paw). These data suggest that the local 
pronociceptive effect induced by H2S in rats with peripheral neuropathy could be mediated by 
activation of TRPC receptors, so the use of blockers of these channels may be a useful strategy to 
treat painful peripheral neuropathy associated with diabetes. 
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Abstract: We have recently demonstrated that the sigma-1 receptor (σ1R) is present in dorsal 
root ganglions (DRG) and that the activation of the σ1R in DRG diminishes ICa and intracellular 
Ca2+ store which are known features of painful injury in primary sensory neurons. The present 
study explored the role of σ1R in the DRG as it relates to neuropathic pain at the 
pharmacological, electrophysiological, and molecular biological level. (A) The σ1R agonist (+)-
pentazocine or antagonist BD1047 (4µg/2µl) was injected directly into the 4th and 5th lumbar (L4, 
L5) DRGs. (+)-Pentazocine produced a hypersensitivity to threshold mechanical stimulation and 
also a trend toward hypersensitivity to noxious mechanical, brush or cold stimulation. In spinal 
nerve ligation (L5 & L6) rats, BD1047 diminished neuropathic hypersensitivity. (B) To explore 
the σ1R agonistic effect on the neuronal excitability, (+)-pentazocine was tested in a system 
using intact DRG recording and dissociated sensory neurons. (+)-Pentazocine (10 µM) decreased 
both the AHP amplitude and duration which allowed for more APs following high frequency 
depolarizing stimuli. Those findings indicate that the σ1R controls the DRG excitability in that 
the σ1R agonist increases the neuronal excitability in DRG. (C) (+)Pentazocine (100 µM) caused 
an inhibition of activity-induced (50 mM K+, 3s) Ca2+ transients in DRG neurons; the reduction 
of the Ca2+ transient is known to relate to neuropathic pain. Interestingly, this inhibition caused 
by (+)pentazocine was not seen in DRG neurons transfected by AAV6-σ1R shRNA. When taken 
together, the above results suggest that the σ1R participates in the DRG-generated neuropathic 
pain by regulating the excitability of DRG. (Supported in part by the IRP, NIDA, NIH/DHHS) 
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Abstract: Chronic painful conditions affect millions of people worldwide. Patients suffering 
from chronic pain often experience hypersensitivity to mechanical, thermal and/or chemical 
stimulation in the form of hyperalgesia and/or allodynia. This hypersensitivity is mediated, at 
least in part, by sensitization of signaling processes in different subpopulations of primary 
sensory neurons known as nociceptors. The cell bodies of these neurons are clustered in nodules 
on dorsal roots of the spine known as dorsal root ganglia (DRG). The axons of these neurons 
split into two branches; one branch innervates the peripheral tissues (skin, muscles, joints and 
organs) and the other connects to the spinal cord to carry signals to the appropriate integration 
center in the brain. Nociceptors fall into different subpopulations based on their conduction 
properties, molecular profile and whether they respond to a single type of physical stimulus or 
integrate and generate a response to different types of stimuli. Although the development of 
chronic pain has been associated with increased excitability of nociceptors, their molecular 
complexity has made it difficult to fully elucidate the critical mechanisms underlying persistent 
pain. To get a better understanding of the molecular complexity within the different 
subpopulations of DRG neurons, we utilized the Fluidigm C1™ single-cell RNA sequencing 
system. We show here that we can reproducibly discriminate different subpopulations of DRG 
neurons and correlate them to known functional subclasses of sensory neurons. These distinct 
subpopulations of neurons are still reproducibly detected following peripheral injections of the 
inflammagen carrageenan or i.p. injection of the chemotherapy drug, Paclitaxel. Moreover, we 
show that distinct subpopulation of neurons display different gene signatures in an animal model 
of Paclitaxel-induced neuropathy. Our results suggest that single cell molecular profiling 
technology could help unravel the molecular mechanisms occurring in distinct subpopulations of 
DRG in the setting of neuropathic pain. 
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Abstract: The introduction of nucleic acids in to living cells has become a groundbreaking 
toolbox for exploring gene function. In example RNA interference (RNAi), a form of post-
transcriptional gene silencing provides a powerful tool to explore pathway, gene and protein 
function in cell cultures. However, the key for successful RNAi experiments is efficient delivery 
of the siRNA into the cell type of interest, and in biologically relevant cells models, which are 
typically primary and/or non-dividing, transfection can be highly challenging. 
Electroporation is an efficient method for nucleic acid delivery that may be applied for a variety 
of cell types. Transfection of primary cells is however generally challenging. Using Cellaxess® 
Elektra platform, we can efficiently transfect adherent primary cells in vitro in high density 
microplates. In this particular case, our aim was to develop a plate-based assay in 384-well 
format for screening of RNAi knockdown in cultured rat dorsal root ganglia (DRG) neurons, 
targeting genes in the pain pathway. 
For this purpose, we used the multiple capabilities of the Cellaxess® Elektra platform. siRNA 
was delivered to cultured rat dorsal root ganglia (DRG) neurons followed by electric field 
stimulation (EFS) and detection/imaging of the excitability response using a calcium indicator. 
Following this, cultures were immunolabeled for nociceptive neuron identity (RIIb) and read on 
a high content imaging platform. These images were then aligned with the EFS data which 
enabled analysis of neuronal excitability of the nociceptive neurons only. siRNAs were selected 
to target pain relevant genes, including the voltage gated sodium channel NaV1.7, the nerve 
growth factor (NGF) receptor tyrosine receptor kinase A (TrkA), and growth-associated protein 
43 (GAP43). A non-targeting control and technical control siRNA was used for reference 
purposes. 
Taken together, this study demonstrates the multiple applicability of the Cellaxess® Elektra® 
platform for efficient identification of novel pain targets in a physiologically relevant context. 
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Abstract: Chronic pain affects over 100 million adults in the USA, with considerable economic 
costs in healthcare and loss of productivity. Notable progress has been made in elucidating 
neural mechanisms underlying pain perception, leading to important insights into the 
maladaptive changes that produce persistent or chronic pain. Nevertheless, there is still potential 
benefit for medical discovery to generating additional molecular targets for alternative treatment 
strategies. We investigated a novel and evolutionarily conserved polypeptide (TMEM35) that is 
strongly expressed in developing and adult pain networks (i.e., dorsal root ganglia (DRG) and 
spinal cord). Given the persistently reduced TMEM35 expression in the spinal cord following 
spinal cord injury, the potential role for TMEM35 in neuropathic pain was probed by assessing 
whether TMEM35 protein levels in the spinal cord are altered by spared nerve injury, a model of 
chronic pain. Additionally, we generated a tmem35 knockout (KO) mouse and measured pain 
sensitivity utilizing various stimuli, including Hargreaves, von Frey, tail flick, and temperature 
preference. Relative to wild type (WT) mice, KO mice exhibited heightened pain sensitivity 
across all behavioral measures, indicating a role for TMEM35 in pain signaling. Finally, we 
quantified expression of peptidergic and non-peptidergic nociceptors in the DRG and projections 
to the spinal cord, and found that deletion of TMEM35 alters characteristics of the peripheral 
pain networks. Collectively, our findings suggest that TMEM35 may function to protect against 



hyperalgesia in normal animals. Further investigation is needed to determine the molecular role 
of TMEM35 in pain networks. 
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Abstract: Sensory neurons in mammalian dorsal root ganglia (DRGs) can be organized and 
characterized based on many criteria, including their end organ innervation patterns, 
physiological response characteristics, and gene expression profiles. Here, we characterized the 
response properties following optogenetic activation of two partially overlapping subpopulations 
of small diameter sensory neurons. Trpv1Cre and MrgdCre mice were each crossed to the 
channelrhodopsin-YFP reporter (Ai32), enabling their histological examination and selective 
activation by exposure to blue light. The Trpv1Cre line labels all Trpv1-lineal afferents, 
encompassing both peptidergic and nonpeptidergic small diameter fiber subpopulations, 
including many Mrgd-expressing neurons. MrgdCre mice similarly label all Mrgd-lineal afferents, 
including those that express Mrga3, though labeling is limited to putative nociceptors. Using an 
ex vivo DRG-saphenous nerve-skin preparation, we evaluated the impact of blue light on ChR2-
expressing cells and determined both that light activation elicits indistinguishable activity in each 
Cre line and that this activation is comparable to responses seen following mechanical and 
thermal stimulation. Surprisingly, our initial behavioral assays show that Trpv1Cre;Ai32 mice had 
a strong withdrawal response to blue light, while MrgdCre;Ai32 mice had a much more attenuated 
response. This led us to investigate how aversive the activation of these two afferent 
subpopulations is during normal animal behavior. Mice were tested in a novel place-preference 



behavioral assay in which a testing chamber was floor-lit with blue light on one side and 
matched-intensity yellow control lights on the other. Lights were either left on (sustained) or 
flashed at 2Hz for 15 minutes. On average, Trpv1Cre;Ai32 mice spent < 5% of the entire testing 
period on the blue lit side of the testing chamber during both light exposure paradigms, 
indicating a strong aversion to Trpv1Cre afferent activation (n=4 mice). In contrast, MrgdCre;Ai32 
mice showed neither a preference for or aversion to either side of the testing chamber, spending 
an equal amount of time on both sides (n=10 mice), suggesting that activation of MrgdCre 
afferents may not be aversive. Interestingly, preliminary data suggests that spinal nerve ligation 
(SNL) injury causes activation of MrgdCre;Ai32 afferents to become aversive, with MrgdCre;Ai32 
mice spending significantly less time on the blue lit side of the chamber post-injury (n=6 mice). 
These results suggest that MrgdCre afferents may not normally function as true nociceptors, 
though this may change in the context of nerve injury. 
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Abstract: The goal of these studies was to investigate the effects of chronic inflammation on the 
expression of voltage-gated sodium channels in dorsal root ganglion (DRG) neurons. We 
employed a transgenic mouse model (TNFtg) that over expresses tumor necrosis factor-alpha 
(TNFα) resulting in chronic systemic inflammation. After 20 weeks the mechanical sensitivity of 
the hindpaws of TNFtg animals determined using von Frey filaments increased 3-fold by 
comparison to control littermates. This is consistent with ambulatory behavior measured in open 
arena testing which was reduced 3.8-fold in the TNFtg animals. Hargraves testing revealed that 
the TNFtg mice displayed a significant 31% decrease in hindpaw withdrawal time in response to 
noxious thermal stimulation. The observed mechanical allodynia and thermal hyperalgesia are 
hallmarks of plantar nociceptor sensitization. The underlying mechanism was further 
investigated using single-cell RT-PCR to quantitatively compare the expression of sodium 
channel transcripts in small-diameter (<25 µm) nociceptors isolated from acutely-dissociated 



DRGs of control and TNFtg mice. While the transcripts of many of sodium channels were not 
altered (Nav1.1, Nav1.6, Nav1.7), a broadly expressed neuronal sodium channel (Nav1.2) and 
two nociceptor-specific sodium channels (Nav1.8, Nav1.9) were significantly upregulated in the 
nociceptors of TNFtg animals. Nav1.8 is a high threshold, tetrodotoxin-resistant (TTX-R) 
sodium channel that drives the rapid upstroke of the nociceptor action potential. Nav1.9 is a low 
threshold TTX-R sodium channel characterized by slow gating kinetics and substantial overlap 
of the activation and inactivation relationships that produce persistent inward sodium current at 
voltages near the resting membrane potential. The combination of a 2-fold increase Nav1.8 and 
4-fold increase in Nav1.9 in nociceptors of TNFtg mice is predicted to lower the threshold and 
potentiate the repetitive firing of action potentials. These data indicate that an increase sodium 
channel gene expression produced by over-expression of TNFα contributes to the development 
of chronic inflammatory pain. 
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Abstract: Tissue injury prompts the release of a number of proalgesic molecules that induce 
acute and chronic pain by sensitizing pain-sensing neurons (nociceptors) to heat and mechanical 
stimuli. In contrast, many proalgesics have no effect on cold sensitivity or can inhibit cold-
sensitive neurons and diminish cooling-mediated pain relief (analgesia). Nonetheless, cold pain 
(allodynia) is prevalent in many inflammatory and neuropathic pain settings, with little known of 
the mechanisms promoting pain vs. those dampening analgesia. Here, we show that cold 
allodynia induced by inflammation, nerve injury, and chemotherapeutics is abolished in mice 
lacking the neurotrophic factor receptor glial cell line-derived neurotrophic factor family of 



receptors-α3 (GFRα3). Furthermore, established cold allodynia is blocked in animals treated 
with neutralizing antibodies against the GFRα3 ligand, artemin. In contrast, heat and mechanical 
pain are unchanged, and results show that, in striking contrast to the redundant mechanisms 
sensitizing other modalities after an insult, cold allodynia is mediated exclusively by a single 
molecular pathway, suggesting that artemin-GFRα3 signaling can be targeted to selectively treat 
cold pain. 
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Title: Protease activated receptor type 2 (PAR2) mediates nociception in a mouse behavioral 
model of migraine 
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Abstract: Migraine pain adversely affects millions of people each year in the U.S. and is a 
significant public health concern. The etiology that causes migraine pain is not well understood 
but is generally thought to occur as a result of sensitization of afferents that innervate the cranial 
meninges. Protease activated receptors (PARs) are expressed in trigeminal neurons and dural 
fibroblasts and have been implicated in other types of pain disorders. PAR2 is endogenously 
activated by trypsin and tryptase, the latter of which is released by mast cells. Since mast cell 
degranulation has been proposed to contribute to migraine pain, PAR2 may be a link between 
immune cell activation and neuronal activity. The current project investigated the role of 
meningeal PAR2 in migraine using a novel mouse behavioral model and calcium imaging of 



trigeminal ganglia cultures. We found that 2-aminothiazol-4-yl-LIGRL-NH2 (2AT), a PAR2 
peptidomimetic agonist increases tactile sensitivity and grimacing, and C391, a PAR2 
peptidomimetic antagonist is able to attenuate 2AT mediated nociceptive behaviors when applied 
onto mouse dura. Further, 2AT activates calcium signaling in primary trigeminal and dural cell 
cultures (fibroblasts), with C391 attenuating the calcium signaling response to 2AT. When given 
intravenously, C391 is able to attenuate nociceptive behaviors produced after dural application of 
compound 48/80, a mast cell degranulator, demonstrating efficacy against an endogenous 
mechanism thought to contribute to migraine pain. Together, these data show that trigeminal 
neuron PAR2 signaling contributes to nociceptive behaviors observed in a mouse migraine 
behavioral model and also show a possible contribution of PAR2 on dural fibroblasts to this 
process. The study suggests that PAR2-dependent activity in the meninges involves the 
interaction between neuronal and non-neuronal cells and that these PAR2 effects are a potential 
therapeutic target for treating migraine pain. 
Supported by NIH grants NS073664 and NS072204 
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Abstract: Peripheral nerve injury-induced downregulation of the voltage-gated potassium 
channel Kcna2 in dorsal root ganglion (DRG) neurons contributes to neuropathic pain genesis. 
However, the mechanism of how this occurs is still elusive. DNA methylation that gates gene 
expression is caused by DNA methyltransferases (DNMTs) including DNMT1, DNMT3a, and 



DNMT3b. It is generally believed that DNMT3a and DNMT3b function as de novo 
methyltransferases, while DNMT1 is the primary maintenance enzyme. Recent evidence 
suggests that DNMT1 might also have de novo methylation activity. In the present study, we 
aimed to investigate the potential epigenetic modulation of DNMT1 on Kcna2 gene in DRG 
under neuropathic pain conditions. DNMT1 is expressed exclusively in DRG neurons. Unilateral 
fifth spinal nerve ligation (SNL) increased the levels of DNMT1 mRNA and protein in the 
injured DRG. This increase was triggered by the activation of the transcription factor CREB. 
Blocking this increase via microinjection of adeno-associated virus expressing Cre into the 
injured DRG of DNMT1 floxed mice or via crossing these mice with a primary sensory neurons-
specific line restored DRG Kcna2 gene expression and function, reduced DRG neuronal 
excitability, and impaired SNL-induced neuropathic pain development. Moreover, DNMT1 bond 
to Kcna2 promotor regions and co-expressed with Kcna2 in individual DRG neurons. Given that 
Kcan2 is a key player in neuropathic pain genesis, DNMT1 is likely a new target for the 
treatment of neuropathic pain. 
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Abstract: Downregulation of opioid receptors in the first-order sensory neurons of dorsal root 
ganglion (DRG) contributes to neuropathic pain genesis after nerve injury. Recent studies 



suggested that epigenetic regulations such as DNA methylation and histone methylation may 
play roles in the downregulation of opoid receptors. We found that nerve injury induced the 
expression of histone methyltransferase G9a and its catalyzed repressive mark H3K9me2, which 
correlated with mu (MOR), kappa, and delta opioid receptor genes downregulation in the injured 
DRG neurons. Nerve injury-induced opioid receptors downregulation could be reversed by G9a 
knockdown and mimicked by G9a overexpression in the DRG. Chromatin immunoprecipitation 
assays demonstrated that nerve injury increased binding activitis of G9a and H3K9me2 to the 
promoter and 5’-untranslational regions of MOR gene. These data suggest that G9a is required 
for nerve injury-induced epigenetic silencing of opioid receptors. G9a inhibitors may serve as 
promising medications for the use as adjuvants with opioid in neuropathic pain management. 
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Abstract: Neuropathic pain is a complex disorder in which current treatment options are often 
ineffective due in part to unexplained changes in gene transcription and translation in the first-
order sensory neurons of dorsal root ganglion (DRG). Gene expression can be modified by DNA 
methylation. In this study, we reported that DNMT3a expresses exclusively in DRG neurons and 



distributes predominantly in medium and large DRG neurons. In vivo studies revealed that the de 
novo methyltransferase DNMT3a (but not DNMT3b) expression increases at the levels of 
mRNA and protein in the neurons of the injured DRG at 3 and 7 days after spinal nerve ligation 
(SNL) in mice. No changes are seen after injection of complete Freund’s adjuvant. Blocking the 
increase in DRG DNMT3a after SNL alleviates mechanical allodynia and thermal/cold 
hyperalgesia on days 3, 5, and 7 post-SNL. Additionally, overexpression of DNMT3a in DRG 
leads to the development of mechanical, thermal, and cold pain hypersensitivities. DNMT3a may 
participate in neuropathic pain development and be a novel target for advanced therapeutics. 
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Abstract: The mechanisms of neuropathic pain development remain elusive; however it is 
known that changes in gene expression are associated with this disorder. DNA methylation 
regulates gene expression. Our pilot data indicate that nerve injury-induced increase in the 
expression of the de novo methyltransferase (DNMT3a) in the injured dorsal root ganglia (DRG) 
contributes to neuropathic pain development. However, the mechanism underlying this 
phenomenon is still unclear. We showed that the increase in DNMT3a is accompanied by a 
decrease in the expression of the voltage-gated potassium channel (Kcna2) in the injured DRG. 
In vivo studies show that overexpression of DNMT3a in mouse DRG leads to a decrease in 
Kcna2 mRNA and protein. Knockdown of DRG DNMT3a using a Cre-lox approach restored the 
expression of Kcna2 mRNA and protein on day 7 after spinal nerve ligation (SNL). Chromatin 
immunoprecipitation assays showed that the binding of DNMT3a to the Kcna2 promoter region 



increases in the injured DRG on day 7 after SNL. This increase in binding is also accompanied 
by an increase in DNA methylation at the Kcna2 promoter. shRNA-mediated knockdown of 
DNMT3a abolished the increase in DNA methylation at the Kcna2 promoter. Electrophysiology 
studies showed an increase in DRG neuron excitability and a decrease in Kv current after 
DNMT3a overexpression in mouse DRG. These findings reveal that DNMT3a likely acts as an 
endogenous instigator of neuropathic pain genesis by epigenetically silencing DRG Kcna2. 
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Abstract: The histone methyltransferase, G9a, methylates histone H3 on lysine residue 9 
(H3K9) to predominantly produce dimethylation (H3K9me2), a dynamic histone methylation 
mark. This modification results in condensed chromatin and gene transcriptional repression. G9a 
is implicated in several biological processes including cell survival, cell death, drug addiction, 
stress responses, and other forms of behavioral plasticity through silencing specific gene 
expression. Whether G9a participates in neuropathic pain is unknown. Our 
immunohistochemistry staining showed that G9a co-expressed with NeuN in cellular nuclei but 
was not detected in GS-labeled cells. G9a was detected in all these three types of neurons 
including calcitonin gene-related peptide (CGRP, a marker for small DRG peptidergic neurons), 
isolectin B4 (IB4, a marker for small non-peptidergic neurons), and neurofilament-200 (NF200, 



a marker for medium/large cells and myelinated A-fibers). Peripheral nerve injury increased the 
mRNA and protein expression of G9a and H3K9me2 in the injured DRG neurons. The fifth 
spinal nerve ligation (SNL)-induced pain hypersensitivities could be blocked by intrathecally 
administration of the G9a inhibitor BIX01294, by microinjection of adeno-associated virus 
(AAV)-Cre into the injured DRG of G9a flox mice, or in DRG G9a conditional knockout mice. 
Overexpression of G9a in DRG by microinjection of herpes simplex virus (HSV) expressing 
full-length G9a led to neuropathic pain symptoms. These data suggest that G9a is essential for 
SNL induced neuropathic pain and that G9a inhibitors may serve as promising adjuvants for 
neuropathic pain management. 
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Abstract: Peripheral nerve injury-induced alterations in the genes encoding receptors, ion 
channels, and enzymes in the dorsal root ganglion (DRG) and spinal cord dorsal horn are 
believed to participate in neuropathic pain genesis. Histone methylation gates gene expression. 
Whether the histone methyltransferase SUV39H1 contributes to neuropathic pain is unknown. 
We reported that SUV39H1 was detected in the neuronal nuclei of the DRG and dorsal horn. In 
the DRG, it was expressed predominantly in the small DRG neurons, in which it co-expressed 
with mu opioid receptor (MOR). The level of SUV39H1protein in both injured DRG and 
ipsilateral L5 dorsal horn was time-dependently increased after the fifth lumbar spinal nerve 
ligation (SNL). SNL also produced an increase in the amount of SUV39H1 mRNA in the injured 
DRG. Intrathecal injection of chaetocin (a SUV39H1 inhibitor) as well as DRG or intraspinal 



microinjection of SUV39H1 siRNA impaired SNL-induced pain hypersensitivity. DRG 
microinjection of SUV39H1 siRNA also restored MOR expression in the injured DRG. Our 
findings suggest that SUV39H1 contributes to nerve injury-induced pain hypersensitivity 
through gating MOR expression in the injured DRG. SUV39H1 inhibitors may be used with 
opioids in neuropathic pain management. 
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Abstract: Use of chemotherapeutic agents is associated with neuropathic toxicities which are 
often dose-limiting and have an impact on the life quality and survival of cancer patients. Ghrelin 
and ghrelin agonists, such as Anamorelin, have been found to be effective in preclinical and 
clinical studies of cancer-related cachexia. Ghrelin has also been shown to possess 
neuroprotective and neuropathic pain attenuating properties. In this study we evaluated the new 
PNS/CNS-penetrating ghrelin agonist HM01 in two experimental models of chemotherapy-
induced neuropathy following nerve conduction velocity/amplitude, hyperalgesia, and footpad 
intra-epidermal nerve fiber density (IEFD). Oxaliplatin administered at its maximum tolerated 
dose in BALBc mice (6 mg/kg ip Q4Dx8), produced significant decreases in nerve conduction 
which were ameliorated by concomitant HM01 dosing (10 and 30 mg/kg PO daily). Specifically, 
oxaliplatin induced a significant decline in digital nerve conduction velocity (-10% + 2.3%; p 
<0.05) which was completely and significantly normalized by HM01 treatment. The oxaliplatin-
induced digital amplitude deficit (-15% + 7%; p <0.01), although not statistically significant, 



tended to also be improved by 10 and 30 mg/kg HM01 (19.8+ 7.4% and 38.7+ 10.9%, 
respectively; p<0.05 for 30 mg/kg dose). While there was no effect on sciatic nerve and dorsal 
root ganglia (DRG) morphology with this oxaliplatin regimen, a trend for reduction of IEFD in 
the footpads was observed (-15.1 + 9.2%), which tended to be normalized by concurrent HM01 
treatment. Interestingly, pharmacokinetic studies showed large accumulation of HM01 in DRG 
and sciatic nerve tissue (tissue penetration index of 18-19 and 9-12 fold versus plasma, 
respectively). In a separate cisplatin-induced neuropathy study, rats were dosed with cisplatin 
(0.5 mg/kg IP) and HM01 (3, 10 and 30 mg/kg PO) for several days. Cisplatin resulted in a 
significant decrease in food intake and weight gain, both of which were significantly prevented 
by concurrent HM01 treatment. Cisplatin also decreased the paw withdrawal threshold response 
to Von Frey filaments indicating development of mechanical hypersensitivity. Pretreatment with 
HM01 at doses of 10 and 30 mg/kg significantly reduced this hyperalgesia on multiple test days. 
Together these findings suggest a potential therapeutic use of the ghrelin agonist HM01 for 
treatment of both the nerve conduction impairments and painful hypersensitivity associated with 
chemotherapy-induced neuropathy. 
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Abstract: Multiple Sclerosis (MS) is an inflammatory autoimmune and neurodegenerative 
disease. Although the primary symptoms of MS include the loss of sensory and motor function, 
many patients experience secondary symptoms such as chronic neuropathic pain. Recent work 
from our laboratory has explored voluntary exercise as a possible treatment for chronic pain in 
the mouse model commonly used to study MS: experimental autoimmune encephalomyelitis 
(EAE). These initial studies were carried out in female mice. We found that daily voluntary 
wheel running reduced pain at disease onset and also diminished dorsal horn microglial 
activation and T-cell infiltration. Voluntary wheel running was also shown to reduce oxidative 
stress in the spinal cord of female mice with EAE. Although exercise could delay the onset of 
clinical signs, there was no significant difference in the severity or progression of clinical signs 
once the disease was established. In the present study, we explored whether daily voluntary 
wheel running would also be effective at reducing nociceptive behaviour in male mice with 
EAE. Male mice were given access to a running wheel for 1 hour a day for 40 days. Surprisingly, 
voluntary wheel running did not reduce mechanical allodynia (tested with von Frey hairs) in 
males with the disease. We did find however, that unlike in females, daily wheel running 
significantly improved clinical scores in male mice with EAE. Direct comparison of 
inflammation, axonal injury, and oxidative stress in male and female mice with EAE revealed 
significant differences in the amount of T-cell infiltration, microglia and astrocyte reactivity, 
demyelination, and axon integrity in males and females with EAE. Male mice with EAE given 
daily access to running wheels had significantly less ongoing oxidative stress compared to all 
other groups. Taken together our results indicate that the inflammatory response generated in 
EAE is distinct between the sexes and its modulation by daily exercise can have sex specific 
effects on disease related outcomes. 
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Title: Aging alters inhibitory and excitatory synaptic input in the spinal cord superficial dorsal 
horn 
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Abstract: The superficial dorsal horn (SDH) of the spinal cord is the first site in the central 
nervous system to process sensory processing from the body, and is essential for the segregation 
of sensory modalities, including touch, temperature, itch, and nociception. Disruption of this 
process can result in the emergence of aberrant sensory experiences such as allodynia and 
hyperalgesia. Importantly, altered pain states are more prevalent among the elderly, however the 
majority of preclinical studies on the underlying mechanisms of aberrant sensory processing are 
conducted in juvenile or young adult animals. Here we compare the spontaneous inhibitory and 
excitatory synaptic input to neurons in the SDH of young adult (3-4 months) and aged (28-32 
months) mice. Briefly, male mice were deeply anaesthetized with ketamine (100mg/kg, i.p.) and 
decapitated. Sagittal spinal slices (300 um thick) were prepared from the lumbar cord. Patch 
clamp recordings were made with a CsCl-based (for inhibitory currents) or K-gluconate-based 
internal (for excitatory currents) from a holding potential of -70 mV. Because both GABA and 
glycine can mediate inhibition in the SDH recordings of mixed inhibition were first obtained 
(aged n =19, young n =9), before glycinergic inhibition was isolated by bath administration of 
bicuculline. Mixed sIPSCs from aged animals had similar amplitudes (-41.2 ± 5.5 pA vs -33.9 ± 
4.5 pA), frequencies (0.4 ± 0.1 Hz vs 0.5 ± 0.2 Hz), and rise times (2.5 ± 0.2 ms v 2.5 ± 0.3 ms), 
but slower decay time constants (30.5 ± 2.4 ms vs 22.3 ± 3.6 ms). Subsequent application of 
bicuculline in a subset of recording (aged n = 8, young n = 8) dramatically reduced the frequency 
of glycinergic sIPSCs (0.07 Hz ± 0.02 vs 0.17 ± 0.4 Hz). In contrast, glycinergic sIPSC 
amplitude (-37.0 ± 10.8 vs -24.0 ± 3.8), rise time (2.3 ± 0.3 ms vs 2.5 ± 0.2 ms) and decay times 
(22.8 ± 5.0 vs v 21.9 ± 3.7) were similar in young and aged animals. Together, the slower decay 
of mixed sIPSCs and reduced frequency of glycinergic sIPSCs in aged recordings suggest a 
reduced role for glycinerigc inhibition in the aged SDH. For excitatory input (aged n = 38, young 
n = 21), sEPSCs from aged animals displayed reduced amplitudes (-15.3 ± 0.7 pA vs -25.0 ± 3.5 
pA), but had similar frequencies (3.6 ± 1.0 vs 2.0 ± 0.6), rise times (1.24 ± 0.1 ms vs 1.23 ± 0.1 
ms), and decay time constants (5.0 ± 0.3 vs 4.8 ± 0.5). Thus, the strength of excitatory input in 
the SDH diminishes with age. Together these age-related perturbations to excitatory and 
inhibitory synaptic transmission will impact baseline excitability of this region, upon which 
pathological disturbances such as allodynia and hyperalgesia are superimposed. 
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Abstract: Chronic pain after traumatic brain injury (TBI) is very common, but the mechanisms 
linking TBI to pain and the pain-related interactions of TBI with peripheral injuries are poorly 
understood. In the current work we pursue the hypothesis that epigenetic changes induced by 
TBI support chronic pain sensitization. We used the rat lateral fluid percussion model to induce 
mild and moderate TBI. Some animals received hindpaw incisions as well. Mechanical allodynia 
was measured for up to eight weeks post-injury. Inhibitors of histone acetyltransferase (HAT) 
and histone deacetylase (HDAC) were used to probe epigenetic mechanisms. We followed serum 
markers including glial fibrillary acidic protein (GFAP), neuron-specific enolase 2 (ENO2) 
myelin basic protein (MBP) and S100β to gauge TBI injury severity. Our results showed that 
both mild and moderate TBI caused mechanical allodynia in the hindpaws of the rats lasting 3 or 
more weeks. Hindpaws contralateral to TBI showed more rapid and profound changes. The 
inhibition of HAT using curcumin 50 mg/kg s.c reduced mechanical sensitization while the 
HDAC inhibitor suberoylanilide hydroxamic acid 50mg/kg i.p. prolonged sensitization in the 
mild injury model rats. These agents did not systematically change serum markers in ways 
suggesting regulation of the degree of brain injury constituted a complete explanation for the 
observations. Immunohistochemical analyses of spinal cord tissue localized changes in the level 
of acetylation of the H3K9 histone mark to dorsal horn neurons. Taken together, these findings 
demonstrate that TBI induces persistent pain sensitization, and changes in spinal neuronal 
histone proteins may play an important role. 
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Title: Ryr plays an important role through mitochondrial ros in hiv gp120-induced neuropathic 
pain in rats. 
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Abstract: The exact molecular mechanisms of human immunodeficiency virus (HIV) 
neuropathic pain are elusive. Ryanodine receptors (RyRs) are located in the endoplasmic 
reticulum (ER) membrane. ER stress and ROS are involved in neuropathic pain. In the present 
study, we investigated the relationship of RyRs and ROS in HIV coat glycoprotein gp120-
induced neuropathic pain state in rats. HIV-related neuropathic pain was induced by repeated 
administration of intrathecal recombinant HIV gp120 in rats. Mechanical allodynia was assessed 
by measuring the threshold of paw-withdrawal response to graded mechanical stimuli using von 
Frey filaments and the up-and-down method. RyR expression was measured using western blots. 
Mitochondrial superoxide in the spinal dorsal horn was measured using MitoSox (a 
mitochondrial superoxide indicator) profile cells. Repeated administration of intrathecal 
recombinant HIV gp120 induced mechanical allodynia lasting for 4 weeks. Intrathecal gp120 
increased the expression of RyR and upregulated the mitochondrial superoxide. Intrathecal 
administration of either RyR antagonist (dantrolene) or mitochondrial ROS scavenger Mito-
Tempol increased mechanical threshold. Intrathecal dantrolene suppressed the upregulation of 
mitochondrial MitoSox profile cell number. These results demonstrated a substantial role of RyR 
through mitochondrial ROS in the HIV gp120-related neuropathic pain state, which provides a 
novel approach to treating HIV-related neuropathic pain. 
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Title: Involvement of glial EphA4 receptor in development of trigeminal neuropathic pain in rats 

Authors: *M. KIM1, H. KIM1, J. JU1, J. SON1, M. LEE2, M. PARK3, D. AHN1;  
1Sch. of Dent. Kyungpook Natl. Univ., Daegu, Korea, Republic of; 2Dong-Eui Univ., Busan, 
Korea, Republic of; 3Kyung-Woon Univ., Gumi, Korea, Republic of 

Abstract: Glial-neuronal cross-talk plays a critical role in pain facilitation following peripheral 
nerve injury or in central sensitization that is characteristic of neuropathic pain. Ephrins and Eph 
receptors participate in the regulation of synapse formation through neuron-neuron and/or 
neuron-astrocyte interaction. However, it is still unknown whether Ephrin and Eph receptor-
mediated cross talks at sites of glial-neuronal contact are involved in the central nociceptive 
processing associated with sensory abnormalities in persistent pain states. We hypothesized that 
changes in EphA4 receptor may play an important role in the development of neuropathic pain. 
For this purpose, the present study examined changes in EphA4 expression in the medullary 
dorsal horn and evaluated anti-nociceptive effects after blocking EphA4 pathway in rats with 
inferior alveolar nerve injury. Under anesthesia, the left lower second molar of male SD rats was 
extracted, followed by the placement of a mini dental implant to injure the inferior alveolar 
nerve. This injury produced mechanical allodynia along with the up-regulation of EphA4 and D-
serine expression in the astrocytes and NR2 expression in the neurons of the medullary dorsal 
horn. The early treatment with EphA4-Fc, an EphA4 inhibitor, beginning on POD 0 for 3 days 
significantly attenuated mechanical allodynia and reduced up-regulated EphA4, D-serine and 
NR2 expression. Knockdown of EphA4 expression by intracisternal injection with EphA4 small 
interfering RNA also reduced mechanical allodynia produced by the inferior alveolar nerve 
injury. These results suggest that blocking EphA4 pathways in astrocytes produces attenuation of 
trigeminal neuropathic mechanical allodynia through a regulation of D-serine and NR2 



expression in the medullary dorsal horn. These results provide that a modulation of the glial 
EphA4 signaling is a potentially important treatment strategy for trigeminal neuropathic pain. 
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Abstract: After thoracic (T10) spinal cord injury (SCI) in rats, primary nociceptors become 
hyperexcitable and generate spontaneous activity (SA) in their somata in vivo and after 
dissociation (Bedi et al., J Neurosci, 30:14870, 2010; Wu et al., Pain, 154:2130, 2013; Yang et 
al., J Neurosci, 34:10765, 2014). The increased incidence of SCI-induced SA correlates with 
behavioral hyperreflexia, and nociceptor hyperactivity is required for spontaneous pain. Wu et al. 
noted prominent depolarizing subthreshold fluctuations (SFs) of resting membrane potential 
(RMP) in nociceptors and suggested that these promote SA in C-fiber nociceptors after SCI. In 
A-fiber sensory neurons, sinusoidal subthreshold oscillations (SOs) were shown to be necessary 
for SA and to be enhanced by nerve injury (Amir et al., J Neurosci, 19:8589, 1999). We are 
using a novel quantitative method to characterize spontaneous SFs of RMP in nociceptors and 
their contributions to SCI-induced SA. Presumptive nociceptors are identified under whole cell 
current clamp 18-24 h after dissociation by an electrophysiological signature that reliably 
predicts capsaicin sensitivity in small DRG neurons. We have found that nociceptor SFs are 
irregular (non-sinusoidal) within the normal range of RMP in naïve and SCI conditions, 
confirming previous observations of their random nature (Study and Kral, Pain, 65:235, 1996). 
Whereas the incidence of irregular SFs reported in A-fibers is very low (3%; Amir et al., J 



Neurosci, 22:1187, 2002), we have observed SFs in nearly all recorded nociceptors. SCI 
significantly increased the amplitude of the SFs in nociceptors exhibiting SA compared to silent 
nociceptors within the same range of RMP. The SCI-induced increase in amplitude of 
depolarizing SFs increases the likelihood that SFs reach firing threshold and thereby contribute 
to SA. Results thus far indicate that the basic mechanisms that generate irregular SFs in C-fibers 
differ substantially from those described for the sinusoidal SOs in A-fibers (Amir et al., Brain, 
125:421, 2002). Interestingly, sinusoidal SOs can sometimes occur together with irregular SFs in 
the same C-fibers, especially when RMP is abnormally depolarized. Ongoing experiments are 
identifying ion channels important for generating SFs, as well as the cell signaling pathways that 
enhance SFs, SOs, and SA (see poster abstract by Bavencoffe, Odem, Dessauer, and Walters). 
Conditions that enhance nociceptor SFs and consequent SA may promote many forms of 
persistent pain. 
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Abstract: DNA methylation was recently implicated to be involved in the pathogenesis of 
chronic pain. Here we investigated how chemokine receptor CXCR3 is regulated by DNA 
methylation and its contribution to neuropathic pain induced by spinal nerve ligation (SNL) in 
mice. All animals used in this study were adult male ICR or C57BL/6 mice. Quantitative RT-
PCR and ELISA showed that SNL increased Cxcr3 mRNA and protein expression in the spinal 
cord. In situ hybridization combined with immunofluorescence staining further showed that 



Cxcr3 was mainly expressed in spinal neurons. Meanwhile, the CpG (cytosine guanine 
dinucleotide) island in the Cxcr3 gene promoter region was demethylated, and the expression of 
DNA methyltransferase 3b (DNMT3b) and its binding with Cxcr3 promoter were downregulated 
in mice with neuropathic pain. Furthermore, SNL increased the binding ability of 
CCAAT/enhancer binding protein α (C/EBPα) with Cxcr3 promoter and upregulated the 
expression of C/EBPα in dorsal horn neurons. Inhibition of C/EBPα by intrathecal siRNA 
attenuated SNL-induced pain hypersensitivity and reduced Cxcr3 expression. Additionally, SNL-
induced pain hypersensitivity was markedly reduced in Cxcr3-/- mice. Consistently, spinal 
inhibition of Cxcr3 by shRNA or CXCR3 antagonist attenuated established neuropathic pain. On 
the other hand, CXCL10, the ligand of CXCR3 was increased in the spinal neurons and 
astrocytes after SNL. Intrathecal injection of CXCL10 induced CXCR3-dependent pain 
hypersensitivity. Finally, superfusion spinal cord slices with CXCL10 enhanced spontaneous 
EPSCs and potentiated NMDA- and AMPA-induced currents of lamina II neurons in a CXCR3-
dependent manner. Collectively, our results demonstrated that CXCR3, increased by DNA 
demethylation and enhanced interaction with C/EBPα, can be activated by CXCL10 and 
facilitate excitatory synaptic transmission in neuropathic pain condition. Inhibition of CXCR3 
signaling may provide a new therapy for neuropathic pain management. 
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Abstract: In spinally transected rats, prior work has shown that both intrathecal (i.t.) BDNF and 
bicuculline (a GABAA receptor antagonist) administration exert a protective effect that counters 



the learning impairment and enhanced mechanical reactivity (EMR) elicited by a peripheral 
irritant (capsaicin). In contrast, in intact rats, BDNF and bicuculline are thought to enhance 
capsaicin-induced nociceptive sensitization. We compared the effects of BDNF and bicuculline 
(i.t.) treatment in intact and spinally transected rats on capsaicin-induced EMR. Subjects 
received a complete spinal transection at T2 or sham operation. Twenty-four hours later, subjects 
received drugs (BDNF or bicuculline) or vehicle (i.t.) administration followed by peripheral 
treatment with capsaicin. We found both BDNF and bicuculline show opposite effects with or 
without SCI. BDNF and bicuculline both enhanced capsaicin-induced EMR in intact rats, but 
blocked it in transected rats. A cellular marker (ERK phosphorylation) of central sensitization 
exhibited the same pattern of results. These findings show that SCI alters how BDNF and GABA 
affect nociceptive processing within the spinal cord. BDNF is known to affect KCC2 expression, 
which determines GABAergic tone, and this effect may be modulated by SCI. To examine this 
possibility, we assessed KCC2 expression in BDNF treated intact and spinally transected rats. 
BDNF up-regulated KCC2 expression in transected rats, but down-regulated it in intact rats. 
Next, we tested whether BDNF also alters how a GABA agonist affects capsaicin-induced EMR. 
To test this, transected or sham-operated rats received BDNF or vehicle (i.t.) 24hrs after surgery. 
After BDNF treatment, subjects received either muscimol (a GABAA receptor agonist) or vehicle 
(i.t.) followed by capsaicin treatment. We found that BDNF treatment attenuated the muscimol-
induced inhibition of EMR in intact rats. In transected rats, it had the opposite effect. These 
findings suggest that spinal injury transforms how BDNF affects GABA function and that this 
impacts the development of central sensitization. 
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Abstract: Following nerve injury, aberrant afferent inputs lead to neuropathic pain. It is believed 
that long-term synaptic plasticity in the spinal dorsal horn underlie a state of increased excitatory 
but decreased inhibitory tones, leading to central sensitization and pain. However, long-term 
synaptic plasticity is seldom assessed in neuropathic animals. Rather, it is often induced in naïve 
intact spinal cords via a conditioning stimulus mimicking neuropathic conditions. Therefore, this 
study investigated whether long-term changes in the synaptic strength on two types of pain-
relaying neurons were actually established in the spinal nerve ligation model (SNL). We 
hypothesized that long-term potentiation (LTP) would already be established in spinothalamic 
tract neurons (STTn), whereas long-term depression (LTD) would be established in GABAergic 
interneurons (GABAn) in the dorsal horn of SNL mice, leading to central sensitization. Long-
term changes were assessed by comparing the following between naïve and SNL mice: 1) The 
frequency and amplitude of miniature-EPSCs (mEPSC) in STTn and GABAn, 2) The induction 
of synaptic plasticity following conditioning stimulus. Results showed that the frequency of 
mEPSCs is higher in SNL-STTn than in their naïve counterparts. However, the frequency of 
mEPSCs in SNL-GABAn is lower than that of naïve-GABAn. Furthermore, following low 
frequency stimulation, LTP was induced in the STTn of naïve mice but was occluded in the 
STTn of SNL mice. Similarly, LTD was induced in naïve-GABAn but occluded in SNL-
GABAn. These results suggest that, in SNL mice, STTn are sensitized with increased excitatory 
synaptic activities, whereas GABAn are desensitized with decreased excitatory synaptic 
activities, leading to central sensitization and neuropathic pain. 
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Abstract: Intradermally injected capsaicin induces mechanical allodynia and hyperalgesia 
outside the injection site. Thus termed ‘secondary’, the two phenomena are attributed to ‘central 
sensitization’. In humans, capsaicin-induced secondary mechanical allodynia (CSMA) and 
hyperalgesia (CSMH) are distinct in terms of their duration as well as their dependency on 
aberrant afferent discharges arising from the capsaicin injection site. This suggests that CSMA 
and CSMH are mediated by different central sensitization mechanisms. We tested this possibility 
in mice, focusing on the action of reactive oxygen species (ROS) that are shown to play a key 
role in central sensitization. Mice developed CSMA and CSMH to punctate stimuli after 
intradermal injection of capsaicin. As in humans, CSMA in mice lasted for a shorter time period 
than CSMH. In addition, unlike CSMH, CSMA was resolved by an anesthetic given at the 
capsaicin injection site. The ROS scavenger phenyl-N-tert-butylnitrone (PBN), administered 
prior to capsaicin injection, prevented the induction of CSMA, whereas it significantly shortened 
the duration of CSMH without preventing its induction. PBN treatment after capsaicin nearly 
abolished CSMA but only slightly attenuated CSMH. An intrathecal injection of the ROS donor, 
KO2, induced both mechanical allodynia and hyperalgesia with the mechanical hyperalgesia 
outlasting the allodynia. These results suggest that the full activation of central sensitization 
mechanisms for CSMA and CSMH requires ROS. Once activated, the mechanism for CSMH is 
long-lasting and neither critically dependent on ongoing afferent inputs from the capsaicin 
injection site nor on the continuous presence of ROS. On the contrary, the presence of ROS and 
ongoing afferent inputs are indispensable for the development and maintenance mechanism for 
CSMA. 
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Abstract: Background: One feature of neuropathic pain is a reduced gamma-aminobutyric acid 
(GABA)-ergic inhibitory function in the spinal cord. We previously demonstrated that oxidative 
stress induced both loss and dysfunction of GABAergic neurons (GABAn). Iron chelators have 
been known to reduce oxidative stress. However, the effect of iron chelation on neuropathic pain 
in relation to GABAn remains to be elucidated. 
Objective: In this study, we investigated the effect of deferoxamine (DFO), an iron chelator, on 
spinal nerve ligation (SNL)-induced neuropathic pain in mice. 
Methods: We examined the effects of intrathecally administered DFO, with and without the 
GABAA receptor antagonist bicuculline, on pain behaviors evoked by punctate mechanical 
stimulation in SNL mice. In electrophysiological studies, the effect of DFO on excitatory 
postsynaptic currents (EPSCs) was examined in GABAn using whole cell patch-clamp 
recordings in the mouse spinal cord slice. 
Results: A single intrathecal injection of DFO significantly ameliorated SNL-induced 
mechanical allodynia. This analgesic effect of DFO was blocked by bicuculline. In 
electrophysiological recordings, tetanic afferent stimulation induced long-term depression (LTD) 
of EPSCs in GABAn. DFO prevented the induction of this LTD. 
Conclusions: Taken together, these results suggest that iron chelation reduces neuropathic 
mechanical allodynia by restoration of GABAergic inhibitory function in the spinal cord. 
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Abstract: A majority of people with spinal cord injury (SCI) suffer from chronic neuropathic 
pain. In a rat T10 contusion model, nociceptors at and below the injury level exhibit chronic 
spontaneous activity (SA) generated in their somata in vivo and in vitro that persists for months 



after SCI (Bedi et al., J Neurosci 30:14870, 2010). The nociceptor hyperactivity is correlated 
with chronic pain-related behaviors and is necessary for the maintenance of both reflex 
hypersensitivity and an operant measure of spontaneous pain (Yang et al., J Neurosci 34:10765, 
2014). Recently we found that SCI-induced SA in dissociated nociceptors requires ongoing 
cAMP signaling in a macromolecular complex composed of A-kinase anchoring protein 
(AKAP150), adenylyl cyclase (AC5/6) and PKA (Bavencoffe, Li et al., J Neurosci. 36:1660, 
2016). The importance of cAMP signaling raises the possibility that multiple downstream cAMP 
effectors might contribute to SCI-induced SA in nociceptors. We have begun to investigate the 
contribution of EPAC (Rap1 exchange protein activated by cAMP) to the maintenance of SA 
after SCI by examining the effects of an EPAC inhibitor, ESI-09. Neurons were isolated from 
DRGs L3 to L5 1-2 months after SCI and recorded 18-24 h after dissociation. Presumptive 
nociceptors were identified by characteristic electrophysiological properties we found to be a 
reliable signature for capsaicin sensitivity in small DRG neurons. As reported previously, SA 
incidence recorded in current clamp (I=0) was significantly higher in nociceptors from SCI rats 
(21 of 29 neurons) compared to nociceptors from naïve, uninjured rats (1 of 11 neurons). In the 
SCI group, incubation of sensory neurons with ESI-09 (5 µM) significantly reduced SA 
incidence. It also hyperpolarized resting membrane potential (RMP) and decreased the amplitude 
of subthreshold fluctuations of RMP (see poster abstract by Odem, Cassidy, Bavencoffe and 
Walters). Co-incubation with EPAC activator 8-pCPT-2-O-Me-cAMP-AM (10 µM) reversed the 
effects. In the naïve group, incubation of nociceptors with ESI-09 did not significantly change 
the low incidence of SA. However, ESI-09 produced a similarly large hyperpolarization of RMP 
in sensory neurons from the naïve and SCI groups. These observations indicate that ongoing 
EPAC signaling contributes to normal nociceptor excitability under our culture conditions and 
might also contribute to resting excitability of nociceptors in uninjured animals in vivo. An 
important question is whether SCI further enhances cAMP-EPAC signaling to produce 
nociceptor SA. Our results encourage the study of cAMP-EPAC signaling as a potential 
therapeutic target for chronic pain. 
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Abstract: G protein-coupled receptors (GPCRs), which consist of approximately 850 members, 
are the largest family of signaling proteins. Many of them are demonstrated to be involved in the 
development and maintenance of chronic pain. Using Gene array and Real-time PCR, we found 
that the expression of orphan G-protein coupled receptor 151 (GPR151) was dramatically 
increased in the spinal cord of adult male ICR mice after spinal nerve ligation (SNL). In this 
study, we investigated the role of GPR151 in SNL-induced neuropathic pain. Real-Time PCR 
showed that SNL induced persistent GPR151 upregulation in the spinal cord, which started 3 
days after SNL and lasted for more than 21 days. Intrathecal injection of GPR151 siRNA or 
intraspinal injection of GPR151 shRNA lentivirus relieved SNL-induced neuropathic pain. 
GPR151 was mainly expressed in spinal astrocytes. Overexpression of GPR151 in primary 
cultured astrocytes increased the expression of phosphorylated extracellular signal-regulated 
kinase (pERK) and glial fibrillary acidic protein (GFAP, astrocytic marker). Intrathecal injection 
of GPR151 siRNA significantly reduced pERK expression in the spinal cord after SNL. 
Interestingly, SNL increased the binding ability of STAT3 (signal transducer and activator of 
transcription-3) with GPR151 promoter and the phosphorylation of STAT3. Inhibition of STAT3 
by intrathecal injection of AG490 attenuated SNL-induced pain hypersensitivity and reduced 
GPR151 expression. Collectively, our results suggest that GPR151, upregulated in spinal 
astrocytes via the binding of STAT3 with its promoter, plays a crucial role in neuropathic pain 
through the activation of ERK signaling. Targeting GPR151 might provide a novel and 
promising approach to the treatment of neuropathic pain. 
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Abstract: Reactive oxygen species (ROS) in the spinal cord, which plays a crucial role in 
sensitization of dorsal horn neurons, has been implicated in neuropathic pain. ROS is an 
important mediator for regulating spinal AMPA receptor (AMPAR) phosphorylation to induce 
persistent pain. Phosphatidylinositol 3-kinase (PI3K) is involved in mediating inflammatory 
pain. In this work, we investigate a possible connection between PI-mediated signaling and 
AMPAR phosphorylation using nerve injury-induced and ROS donor-treated hyperalgesic rats. 
Mechanical hyperalgesia, induced by L5 spinal nerve ligation (SNL) or an intrathecal (i.t.) 
administration of a ROS donor (t-BOOH) and evaluated by measuring paw withdrawal threshold 
upon the application of von Frey hairs, was attenuated by pretreatment with either ROS 
scavenger alpha-phenyl-N-tert-butyl nitron (PBN) or PI3K inhibitor (wortmannin or LY294002). 
PIP3 levels, PI3K activity, and levels of oxidized inactive PI3-phosphatase (PTEN) were 
increased in the lumbar spinal dorsal horn of both SNL and ROS-treated rats. Such increases 
were attenuated by pretreatment with PBN or LY294002. An i.t. t-BOOH injection increased 
significantly phosphorylation levels of GluR1 at Serine-831 (GluR1-pS831) and at Serine-845 
(GluR1-pS845) and GluR2 at Serine-880 (GluR2-pS880) compared to vehicle injection. All 
these elevated phosphorylation levels were attenuated by pretreatment with LY294002 or PIP3-
dependent kinase (PDK) inhibitor (DCA), but not AKT inhibitor (MK-2206) or GSK3 inhibitor 
(AR-A014418). This increased phosphorylation was also attenuated for GluR1-pS831 by 
CaMKII inhibitor (KN-93), for GluR1-pS845 by PKA inhibitor (H-89), and for GluR2-pS880 by 
PKC inhibitor (GF109203X). GluR1 level in the membrane fraction and GluR2 level in the 
cytosolic fraction, sampled from lumbar spinal cord, were elevated in both SNL and i.t. t-BOOH-
treated rats. The results suggest that ROS induce AMPAR phosphorylation through activation of 
PDK, but not of AKT/GSK3 signaling pathway. This PDK-mediated process may include 
phosphorylation of GluR1-S831 and GluR1-S845 by CaMKII and PKA, respectively, for the 
insertion of GluR1-containing AMPARs whereas phosphorylation of GluR2-S880 by PKC for 
endocytosis of GluR2-containing AMPARs at the postsynaptic zone, leading to central 
sensitization and thus neuropathic pain. 
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Abstract: β-arrestins are multifunctional scaffold proteins that regulate the desensitization of 
GPCRs including the mu opioid receptors. However, the unique role of β-arrestin in 
inflammatory and neuropathic pain has not been clearly investigated. Here we demonstrate an 
active role of β-arrestin 2 (Arrb2) in regulating spinal cord NMDA receptors (NMDAR) function 
and the duration of pain. 
Intrathecal injection of the mu-opioid receptor agonist [D-Ala2, NMe-Phe4, Gly-ol5]-enkephalin 
(DAMGO) produces paradoxical behavioral responses: early-phase analgesia and late-phase 
mechanical allodynia; and notably, both phases are prolonged in Arrb2 knockout (KO) mice. 
Unlike the early-phase analgesia, the late-phase allodynia requires spinal cord activation of 
NMDAR. As expected, spinal administration of the NMDAR antagonist MK-801 reversed 
DAMGO-induced mechanical allodynia in WT and KO mice. Also, NMDA-induced currents in 
lamina IIo neurons of spinal cord slices were enhanced in DAMGO-treated WT mice at 24 h. 
Interestingly, spinal administration of NMDA induces GluN2B-dependent mechanical allodynia, 
which is prolonged in Arrb2-KO mice and conditional KO mice lacking Arrb2 in presynaptic 
terminals expressing Nav1.8. Loss of Arrb2 also increases the expression of synaptic GluN2B in 
lamina IIo neurons of spinal cord slices. Biotinylation experiment showed that the surface 
expression of Arrb2 was inversely correlated with that of GluN2B but not GluN2A in Hela cells, 
suggesting a specific interaction between Arrb2 and GluN2B. Loss of Arrb2 also results in 
prolongation of inflammatory pain and neuropathic pain and enhancement of GluN2B-mediated 
NMDA currents in spinal lamina IIo neurons. Finally, spinal over-expression of Arrb2 reverses 



chronic neuropathic pain for several months. 
In summary, using both loss-of-function (Arrb2-KO mice) and gain-of-function (Arrb2 over-
expression) strategies, we demonstrate that Arrb2 controls the transition from acute to chronic 
pain via suppressing the activity of NMDAR/GluN2B in spinal lamina IIo neurons. Targeting 
spinal Arrb2 signaling may shed light on the development of new therapeutics for the prevention 
and treatment of chronic pain. 
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Abstract: Neuropathic pain secondary to damage to peripheral nerves remains a serious, and 
unsolved, problem for a large number of patients. Recent studies have indicated that stem cells, 
particularly mesenchymal stem cells (MSCs) may have a constitutive effect on the evolution and 
maintenance of these phenomena. In the present study, we examined the effect of intrathecal 
administration of MSCs on established pain in animals which had undergone the tibial nerve 
injury (TNI) model. Specifically, MSCs were harvested from the femurs of young (4 to 5 weeks 
old) animals. Cells were cultured for the minimum time necessary to produce a culture of 
sufficient quality and quantity for injection. Animals showed a significant reduction in painful 
behavior to noxious stimulation after MSC administration, which was not reflected in animals 
receiving a control injection. This effect was long lasting, showing no sign of diminution for the 
duration of the study. Histological examination revealed that undifferentiated MSCs integrated 
into the white matter of the spinal cord and remained for the duration of the study. To illuminate 
the potential mechanisms mediating this analgesic effect, cerebrospinal fluid (CSF) was collected 
from animals and subjected to an antibody array to examine the effect of MSC administration on 
the expression levels of 67 cytokines in the CSF. Analysis showed that injury had a significant 



effect on six cytokines: ICAM-1, IL-1β, IL-10, HGF, Idgcc4 (Nope), and Notch-1. Stem cell 
injection caused a significant change in five of these cytokines, ICAM-1, IL-1β, IL-10, HGF, and 
Idgcc4. 
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Abstract: LIM motif-containing protein kinases (LIMKs), a kind of serine/threonine kinase, are 
widely expressed in the central nervous system and are the regulator of Actin Depolymerizing 
Factor (ADF)/Cofilin. LIMK1/2 play important roles in the actin remodeling, which are critical 
to synaptic plasticity in the brain. To investigate the roles of LIMK1/2 in pain transmission and 
chronic pain formation in the spinal cord, we evaluated the behavioral changes and spinal cord 
synaptic transmission using LIMK1/2 double knock out (DKO) mice. Behavioral tests revealed 
that DKO mice have normal nociception properties, while compared to wild type (WT) mice, the 
hyperalgesia and alloydnia is significantly resisted in DKO mice in a battery of chronic pain 
models. Moreover, electrophysiological recordings showed altered excitatory synaptic 
transmission. Pharmacological inhibition of LIMK1/2 in WT mice significantly alleviated 
chronic pain phenotypes. These findings demonstrate that LIMKs are important in chronic pain 
in spinal cord via synaptic remodeling. 
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Abstract: Symptoms including anhedonia, decreased motivation and depression are common 
affective features in patients with chronic pain. CC-chemokine receptor 2 (CCR2), a dominant 
receptor for monocyte chemoattractant protein-1 (MCP-1) has been the focus of attention 
because of its facilitative effects on nociceptive signal processing in chronic pain at peripheral 
nerve and dorsal horn. The nucleus accumbens (NAc) is an important area in mediating pain 
sensation and pain-related anxiety and depression. Whether MCP-1/CCR2 contribute to pain 
sensation and/or pain affect in the NAc remain unclear. In this study, we found that chemokine 
MCP-1 was increased in the neurons of NAc after spinal nerve ligation (SNL). CCR2 was also 
increased in NAc neurons after SNL. Inhibition of CCR2 by shRNA lentivirus in NAc shell 
attenuated SNL-induced pain hypersensitivity and depression-like behavior. Furthermore, whole-
cell patch clamp recording of medium spiny neurons (MSNs) in NAc shell showed a significant 
increase in the function of NR2B-mediated currents after SNL, which was reduced by a selective 
CCR2 antagonist RS504393. Additionally, SNL increased the expression of phosphorylated 
NR2B (pNR2B), which was colocalized with CCR2 in the NAc. pNR2B upregulation by SNL 
was inhibited by intra-NAc injection of CCR2 shRNA lentivirus. Finally, Perfusing MCP-1 
increased the NMDAR current. Intra-NAc MCP-1-expressing lentivirus increased pNR2B 
expression and induced pain hypersensitivity and pain-like behaviors. These results suggest that 
MCP-1/CCR2 signaling in the NAc is important in mediating the pain hypersensitivity and 
depression via NR2B following peripheral nerve injury. 
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Abstract: The spinal nerve ligation model (SNL; “Chung model”), in which the L5 (and 
sometimes L6) spinal nerves on one side are ligated, is a widely used rodent model of 
neuropathic pain. The model causes long-lasting thermal and mechanical hypersensitivity and 
allodynia of the hindpaw, and signs of spontaneous pain. Conceptually, the model was designed 
to allow separation of the roles of injured vs. uninjured sensory afferents in mediating pain; 
studies using this model almost always assume that the ligated spinal nerve does not regenerate 
and that any observed pain behaviors are mediated by neurons in the intact L4 DRG. While using 
this model, our dye tracing experiments showed apparent connections between the hindpaw and 
the ipsilateral L5 DRG neurons, leading us to conduct further experiments confirming that 
functional regeneration and target reinnervation of the L5 spinal nerve was occurring. The SNL 
model was implemented as in our previous studies: in Sprague Dawley rats of both sexes, the 
ventral ramus of the L5 spinal nerve on one side was ligated with 6-0 silk 2-3 mm distal to the 
DRG, then cut distal to the suture. In vivo, by day 14, a thin, clear, regenerated nerve could be 
observed emerging from the nerve stump proximal to the ligature, rejoining the distal segment of 
the ligated spinal nerve. By day 70 this regenerated nerve was thicker and whiter, more similar to 
the original structure. The neuronal tracer DiI injected into the paw labeled neuronal cell bodies 
(both NF200-positive and unmyelinated) in the L5 DRG (examined 5 -6 weeks after SNL). The 
long-lasting Dextran label injected into the proximal spinal nerve stump at the time of ligation 
could be observed in regenerated fibers in the paw skin as early as 21 days later. In vivo fiber 
recording from filaments teased from the L5 dorsal root and disconnected centrally verified that 
electrically stimulated axon potentials could conduct through the newly regenerated segment 
(observed in ~18% of filaments on day 14 and 80 - 100% from day 28 on). Signals from 
receptive fields stimulated in the periphery could also be detected conducting through the 
regenerated nerve; initially (day 14) most receptive fields detected were in the thigh and upper 
leg; by day 28 receptive fields in the knee, lower leg and paw began to be observed. We 



conclude that functional regeneration and target reinnervation of the ligated spinal nerve is faster 
and more robust than has been assumed in this model, confounding some previous interpretations 
of studies with this model that assumed that ligation and suture would prevent reconnection of 
the L5 sensory neurons to the periphery. 
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Abstract: Abnormal spontaneous activity in sensory neurons is a common early feature of 
preclinical pain models, and blocking this activity blocks development of pain behaviors. 
Neuronal outgrowth during development also requires a period of spontaneous activity. The 
spinal nerve ligation model (SNL), in which the L5 spinal nerve on one side is ligated and cut, is 
a widely used rodent model of neuropathic pain. Recently (see related abstract) we have found 
that the spinal nerve undergoes functional regeneration and target reinnervation in this model. 
We hypothesize that regeneration is closely associated with spontaneous activity and pain. After 
implementing the SNL model in rats of both sexes, in vivo fiber recording (from filaments teased 
from the L5 dorsal root and disconnected centrally) showed a high incidence of spontaneous 
activity at day 14 or 28 (not including normal muscle spindle activity), and resection experiments 
showed the newly regenerated nerve was the primary source. The incidence declined gradually 
from day 28 to 70 (later times not examined). To inhibit nerve regeneration, we used local 
perfusion of the injury site via 14 day osmotic pump with semaphorin 3a (Sema 3a), an 
inhibitory axonal guidance molecule that collapses growth cones. In the SNL model, perfusion of 
the ligated spinal nerve starting immediately after injury reduced mechanical pain behaviors for 
the duration of the experiment (60 days) except for on day 1; and greatly reduced spontaneous 



activity in fiber recording. Functional regeneration and target reinnervation were also impaired: 
receptive field responses conducting through regenerated nerve could only be detected in the 
thigh and upper leg, whereas without Sema-3a perfusion, receptive fields in the knee, lower leg, 
and paw could also be detected starting from day 28. Blocking activity at the injury site with 14 
day local TTX perfusion also blocked mechanical pain behaviors at all time points (thru day 60, 
i.e., outlasting the drug perfusion time), and blocked reinnervation of more distal receptive fields. 
Our data suggest an association between nerve regeneration and its accompanying spontaneous 
activity, and pain behaviors. 
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Abstract: Male C57Bl/6 (WT) mice develop transient inflammation in response to transfer of 
K/BxN serum and show a corresponding tactile allodynia (TA), which persists beyond the 
resolution of inflammation. Here, we examined the role of spinal cytokines, specifically TNF and 
IFNβ in the transition to a persistent pain state in males, which is mediated through Toll-like 
receptor (TLR) 4 signaling. Importantly, the contribution of TLR4 to pain states has been found 
to differ between male and female animals. Thus, our second aim was to examine whether 
female WT mice respond similarly to K/BxN serum transfer, and to examine whether TLR4 
signaling associated spinal cytokines were involved in the development of TA in female animals. 



In examining spinal cord TNF and IFNβ gene transcripts on d10 post K/BxN serum transfer, we 
found IFNβ transcripts decreased in WT mice (average fold change (AFC): 0.41) and were 
increased in Tlr4-/- mice (AFC: 18.84). In contrast, TNF transcripts increased in WT mice (AFC 
1.33), and remained unchanged in Tlr4-/- mice (AFC 0.96). Next, we assessed the development of 
TA in male Ifnar1-/- and Tnf-/- mice. The inflammatory phase TA was attenuated in Ifnar1-/- mice 
(1.18g relative to 0.5g in WT males, p < .05); however these mice develop persistent TA while 
the late phase TA is reduced in Tnf-/- mice (1.29g relative to 0.74g in WT males, p < .05). 
Next, we examined female WT mice, and found they developed TA that was indistinguishable 
from males (0.72g), but, surprisingly, did not develop a persistent TA (1.36g, p < .05). The 
behavioral phenotype of female WT mice resembled that of Tlr4-/- males, and we assessed 
whether similar cytokine signaling contributed to the K/BxN TA phenotype. Both female Ifnar1-

/- and Tnf-/- mice were indistinguishable from their male counterparts in terms of both ankle 
inflammation and TA. We then determined whether TNF and IFNβ transcripts change over time 
male and female WT mice. Males showed a general increase in spinal TNF mRNA expression 
relative to IFNβ, while females showed a higher ratio of IFNβ to TNF over time. 
In another study, male WT mice were given IT anti-TNF antibody or IT IFNβ with no effect on 
TA. However, when Tnf-/- male mice were given IT IFNβ, we saw a persistent reversal in TA. 
Ifnar1-/- mice given IT anti-TNF antibody showed transient reversals in TA. Together, these 
results show persistent TA in WT male animals is associated with differential modulation of 
TNF and IFNβ. Female WT animals, however, fail to develop persistent TA, and show a 
recovery of spinal IFNβ transcription. The combination of genetic and pharmacological 
manipulations suggest that co-modulation of TNF and IFNβ may be necessary to prevent or 
reverse persistent TA. 

Disclosures:  S.A. Woller: None. T. Yaksh: None. M. Corr: None. 

Poster 

615. Neuropathic Pain I 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 615.23/LL1 

Topic: D.02. Somatosensation: Pain  

Support: NSC 102-231-B-002-034-MY3 

 MOST 104-2745-B-002-001 

Title: Plasticity changes of forebrain activity during neuropathic pain development in sciatic 
nerve injured rat 



Authors: *T.-H. H. CHAO, J.-H. CHEN, R.-F. CHEN, C.-T. YEN;  
Natl. Taiwan Univ., Taipei, Taiwan 

Abstract: Peripheral nerve damage frequently induces ectopic discharge in injured nerve fibers, 
which causes central sensitization and the development of neuropathic pain. Although there are 
many brain imaging studies of well-established chronic neuropathy, the involvement of the 
forebrain areas in the chronification process in the initiation phase is less studied. We 
hypothesize that ectopic barrage from the peripheral may cause sustained activation in the 
forebrain to initiate the plasticity involved in chronic neuropathic pain development. 
In this study, we combined the advantages of different MRI methods, and demonstrated the 
transition of the brain activation changes during the neuropathic pain development in the spared 
nerve injury (SNI) model of the rat. We compared the brain activity during three different 
neuropathic pain development stage, including the moment of nerve injury using fMRI, and the 
1st day and the 8th day after the neuropathic pain onset using manganese-enhanced magnetic 
resonance imaging (MEMRI). 
Our main findings were: (1) Insular cortex (IC) and cingulate cortex (CC) showed sustained 
activation immediately after the SNI surgery. These sustained activations maintained at least 5 
minutes throughout the whole fMRI scanning. (2) During the following days after the SNI 
surgery, we found consistently increased activation in ipsilateral IC. (3) Plasticity change of 
functional connectivity between ipsilateral IC, contralateral S1 and bilateral rostral anterior IC 
(RAIC) was established under the neuropathic pain condition. These results imply that IC may 
play an important role in neuropathic pain chronification. 
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Abstract: The place-conditioning paradigm, which measures conditioned place avoidance, has 
been successfully used to analyze the affective component of pain. Although this behavioral test 
for analysis of emotional pain component is reliable for cases of acute pain, it is not applicable to 
chronic pain state including neuropathic pain. 
The aims of the present study were 1) to establish the place avoidance paradigm applicable to 
emotional component of chronic pain, 2) to ensure the presence of emotional component of 
chronic neuropathic pain using the established behavioral testing protocol, and 3) to investigate 
the effects of several analgesic substances often used for pain management on the emotional 
component of neuropathic pain. 
The place avoidance test, in which rats were able to avoid the compartment with a strong vinegar 
odor-producing 1% acetic acid and stay in the other compartment with cinnamon odor that 
provided masking effect, revealed that animals with an acute inflammatory pain induced by 
formalin injection into the hind-paw showed avoidance from the acetic acid odor compartment. 
This place avoidance behavior was prevented by bilateral lesions of the rostral anterior cingulate 
cortex (r-ACC) known to process emotional aspect of pain. From these data, we considered the 
place avoidance behavior as an expression of emotional pain component. For a rat model of 
neuropathic pain, sensory pain-related nociceptive behavior that was measured by hind-paw 
withdrawal test was significantly increased compared to sham-operated controls. The place 
avoidance test revealed that as compared to sham-operated rats, neuropathic animals stayed 
longer in a compartment with cinnamon odor than acetic acid odor. Bilateral lesions of r-ACC in 
neuropathic rats reversed the place avoidance behavior but not nociceptive behavior. However, 
bilateral lesions of the ventroposterior lateral nuclei of the thalamus that processes sensory 
component of pain reduced nociceptive behavior. In neuropathic rats, an intraperitoneal (i.p.) 
injection of amitriptyline (1.5 mg/kg) partly reversed nociceptive behavior whereas it completely 
blocked the place avoidance behavior. An i.p. gabapentin (50mg/kg) showed a significant 
decrease in both nociceptive and place avoidance behavior in neuropathic rats. On the other 
hand, i.p. memantine (20mg/kg) had a significant effect only on nociceptive behavior in 
neuropathic rats. 
The results imply that the place avoidance paradigm used in the present study is proper for 
measuring emotional component of neuropathic pain and that the degree to which analgesic 
drugs contribute to alleviating each pain component is different. 
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Abstract: Neuropathic pain is a common disorder derived from nerve injuries and its 
mechanisms remain largely unknown. Our gene chip microarray analysis in dorsal root ganglion 
(DRG) neurons from a neuropathic pain model of unilateral spinal nerve ligation injury indicates 
that mRNA of tenascin-C, a large hexameric extracellular matrix glycoprotein, is increased in the 
injury side that correlates temporally with neuropathic pain state development. In this study, we 
examined the potential role of tenascin-C in promoting neuropathic pain development in the 
same neuropathic pain model of spinal nerve ligation injury. Our data indicated that tenascin-C 
protein levels were significantly upregulated in the injury side of DRG and dorsal spinal cord 
that temporally correlated with the development of neuropathic pain states. Blockade of injury-
induced tenascin-C activity by intrathecal anti-tenascin-C antibodies or tenascin-C upregulation 
by siRNA oligonucleotides reversed established neuropathic pain states in rats post injury, 
although general knockout of the tenascin-C gene in mice could not prevent the development of 
neuropathic pain post injury. Intrathecal injection of recombinant tenascin-C proteins into naïve 
rats dose-dependently induced behavioral hypersensitivities, which could be reversed by 
intrathecal anti-tenascin-C antibodies. Thus, elevated spinal tenascin-C alone can lead to pain 
state development without the influence from other injury-induced factors. Since tenascin-C 
binds to different receptors, including toll-like receptor 4, epidermal growth factor receptors, 
integrin receptors, and annexin II receptors, we examined the potential receptor system(s) 
involved in tenascin-C mediated pain states. Antagonists or neutralizing antibodies against these 
potential tenascin-C receptors were injected intrathecally into tenascin-C injected rats with 
behavioral hypersensitivity, which was followed by behavioral testing. Our data indicated that 
only anti-annexin II receptor antibodies could reverse tenascin-C-induced pain states. Together, 



these results support that injury-induced tenascin-C contributes to the development of 
neuropathic pain states through the annexin II receptors, and illustrate a pathological role of 
tenascin-C as an endogenous pain mediator. 
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Abstract: Presynaptic GABAergic input on primary afferent neurons is generally inhibitory but 
can evoke spikes under certain pathological conditions. Antidromic conduction of those spikes 
can lead to peripheral release of inflammatory mediators, resulting in neurogenic inflammation. 
Due to the high intracellular chloride concentration in primary afferent neurons, activation of 
GABAA receptors on their central terminals causes primary afferent depolarization (PAD). PAD 
normally inhibits spike propagation and synaptic release via shunting effects and sodium channel 
inactivation but its alteration can lead to PAD-induced spiking. We have previously described 
the conditions under which PAD can evoke spikes, in particular, simultaneous intracellular 
chloride accumulation and altered spike initiation properties (i.e. enhanced excitability). This 
combination of changes can arise in damaged peripheral nerves via enhanced function of the Na-
K-Cl cotransporter, NKCC1, and downregulation of Kv1-type potassium channels, respectively. 
However, it remains unclear if these requirements are met in central axon terminals to generate 
action potentials that can then propagate to the periphery. 
To image spiking in neurons with intact central terminals, we first validated our technique for 
optical detection of GABA-evoked spikes in cultured neurons. Using dissociated dorsal root 
ganglion (DRG) neurons from GCaM6f+ mice, we sought to determine the proportion of 
neurons in which puffed GABA can evoke spikes after enhancing NKCC1 function and/or 
blocking Kv1 channels. As predicted, we found a significantly greater proportion of neurons 



displayed GABA-evoked spike initiation only when the two experimental manipulations were 
combined. Then, using an ex vivo preparation in which the dorsal root ganglion is still attached 
to the spinal cord, two-photon imaging at the DRG revealed that GABA applied to axon 
terminals in the spinal dorsal horn evoked antidromically propagating spikes only under the 
conditions described previously. By acutely reproducing the changes required for central 
terminal GABA-evoked induction of action potentials in peripheral nerves, we have shown that, 
like in the soma, PAD-induced spiking in central axon terminals requires joint changes in the 
chloride reversal potential and excitability. 
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Abstract: Adenosine triphosphate (ATP) is the ubiquitous energy source for metabolism. 
Importantly, ATP is also an extracellular signaling molecule involved in many processes 
including pain and fatigue. ATP is released into the interstitium through channels, transporters 
and exocytosis. Physiological or pathophysiological conditions such as muscle exercise or tissue 
damage significantly increase the extracellular ATP concentration. Levels of extracellular ATP 
are detected by a group of purinergic receptors (P2 receptors), some of which are highly 
expressed in nociceptors (e.g., P2X3 and heteromeric P2X2/3 receptors). Our lab observed that 
ATP is one of the most potent metabolites in activating muscle-innervating dorsal root ganglion 
(DRG) neurons. To further pursue an ATP dose response curve for the DRG neurons, we did 
FURA2 calcium imaging experiments. DRGs were collected from male C57Bl mice that had 
hindlimb skeletal muscles injected 2 weeks previously with the retrograde fluorescent dye (2Z)-
2-[(E)-3-(3,3-dimethyl-1-octadecylindol-1-ium-2-yl)prop-2-enylidene]-3,3-dimethyl-1-
octadecylindole (Di-I). Primary neural cultures were made two weeks after the Di-I injection to 
allow the dye to be transported to the cell body in the DRGs. For each imaging experiment, Di-I 
labeled neurons (i.e., muscle-innervating cells, usually over 20% of the image field) are 
identified and analyzed separately from non-labeled neurons, as described before (Light et al 



2008). Di-I labeled cells were also collected individually using a micropipette for RNA-Seq 
analysis. In the calcium imaging experiments, we challenged the cells with serial log 
concentrations ATP from 1nM - 10mM. We also investigated the ATP degradation/hydrolysis 
rate in aqueous solution. We found 50% degradation of ATP occurred about 20 min after it was 
dissolved in solution. Because ATP hydrolyzes predominantly to adenosine diphosphate (ADP), 
we also investigated the ADP dose response curve of the same concentration range to understand 
possible inhibitory/antagonistic effects of ADP on DRG neurons. We challenged the cells with 
ATP and ADP separately during the same experiment to see if different cells responded to ATP 
than ADP at a given concentration. We used specific antagonists 2',3'-O-(2,4,6-Trinitrophenyl) 
ATP (TNP-ATP) and pyridoxalphosphate-6-azophenyl-2',4'-disulfonic acid (PPADS) to identify 
specific P2 receptors being activated. Our RNA-Seq data indicated at least 10 different P2 
receptors on individually collected DRG neurons capable of responding to ATP. Of these, 
P2X3,4,5,7 and P2Y1,2, and 14 are most likely the major contributors to the activation of DRG 
neurons by ATP/ADP. 
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Abstract: We used double mutant mice with both a delta opioid receptor reporter linked to green 
fluorescent protein (DOReGFP) and a Mu opioid receptor reporter linked to mcherry 
(MORmcherry) to determine the functional organization of opioid receptors on Group III and IV 
neurons that signal muscle pain and fatigue, and also are the afferent arm of the exercise pressor 
reflex. We used DiI (1,1'-Dioctadecyl-3,3,3',3'-Tetramethylindocarbocyanine Perchlorate) 
injected into the gastrocnemius muscle of seven, 30 day old, ketamine/zylazine anesthetized 
mice to retrogradely label dorsal root ganglion (DRG) neurons innervating this skeletal muscle. 
To determine the activation of DiI labeled neurons by exercise induced metabolites (a 
combination of ATP, lactate and protons) we used calcium imaging with Fura 2 as in Light et al, 
2008. Our results from 815 cells (114 of which were labeled with DiI from 7 different mice (both 
male and female) confirmed the findings of Scherrer et al, 2009 and Bardoni et al, 2014 that 
about 31% of all DRG neurons express mu receptors, and 12% of all DRG neurons express delta 
receptors. Several differences between opioid receptors on all DRG neurons vs. opioid receptors 
on DiI labeled (muscle innervating neurons) were found. 1. More DiI labeled neurons (66%) 
expressed opioid receptors. 2. Delta receptors were much more common in DiI labeled neurons 
(40%) than in non muscle labeled neurons (7%); mu receptors were also more common (43% in 
DiI labeled neurons vs 29% in neurons not labeled with DiI). 3. As in Light et al, 2008 and 
Jankowski et al, 2013 about 41% of DiI labeled neurons responded to metabolites and half of 
these responded to low levels of metabolites (likely non-nociceptive) while the other half 
responded to high levels of metabolites (likely nociceptive). 4. Opioid receptors were very 
common on muscle labeled neurons responding to metabolites (77%) with 44.7% of these being 
mu receptors and 42.6% being delta receptors. 5. Delta receptors were more common in low 
metabolite responding neurons (50% delta, 33% mu), while mu receptors were more common in 
high metabolite responding neurons (56% mu, 32% delta). Thus, mu and delta opioid receptors 
likely play a larger role in regulating muscle innervating neurons than regulating other types of 
afferent neurons (e.g.,skin, viscera). Also delta opioid receptors likely play a larger role in 
modulating low metabolite responding neurons (which signal fatigue and activate the exercise 
pressor response) while mu receptors play a larger role in modulating high metabolite responding 
neurons (which signal ache). 
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Abstract: Exposure to injury as a neonate has the potential to prime the nervous system to 
subsequent re-injury later in life, which can have lasting effects on nociceptive processing in 
adulthood. Thus, strategies designed to mitigate the long term consequences of early life insult 
on adult hypersensitivity to peripheral injuries are of utmost importance. We have previously 
shown in a murine inflammatory pain model that injecting 3% carrageenan into the hairy 
hindpaw skin of neonatal mice produces a transient, but target-specific, decrease in growth 
hormone (GH) levels, which corresponded to observed mechanical and thermal hypersensitivity 
both in vivo and when assessing the response properties of cutaneous afferents with our ex vivo 
somatosensory system recording preparation. Systemic treatment with low dose GH blocked 
inflammation-induced hypersensitivity both behaviorally and electrophysiologically, while 
restoring the cutaneous quantities of GH back to naïve levels. In order to explore if GH was also 
proficient in preventing the priming effects of early life insult on adult hypersensitivity to 
cutaneous re-injury, we treated postnatal day 7 (P7) neonates with GH or vehicle at the time of 
cutaneous inflammation and re-inflamed the periphery 4-5 weeks later. For comparison, a third 
cohort of mice received vehicle as neonates, but no cutaneous inflammation. We then assessed 
DRG gene expression and mechanical and thermal responsiveness in these groups 1-28d post 
adult inflammation. We found that double-inflamed mice were hypersensitive to both mechanical 
and heat stimuli for up to 3 weeks, while GH-treated mice returned to baseline levels within one 
week, similar to animals that only received carrageenan injection as young adults. Corresponding 
changes in mechanically and thermally sensitive receptors/channels were also found in our 
groups after adult inflammation in the DRGs. Results indicate that a GH treatment in neonatal 
mice may have the ability to block the priming effects of early life insult on adult hyper-
responsiveness to both mechanical and thermal stimuli after cutaneous re-injury. This data may 
provide a potential therapeutic strategy to prevent the transition from acute to chronic pediatric 
inflammatory pain. 
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Abstract: A hallmark of neuropathic pain is increased sensitivity to light touch, clinically known 
as mechanical allodynia. Glial cells (astrocytes and microglia) contribute to ongoing allodynia in 
various animal models such as a localized sciatic nerve chronic constriction injury (CCI), a 
classic rat model of peripheral neuropathy. Released glial proinflammatory cytokines like 
interleukin-1β (IL-1β) that activate IL-1 receptors on pain neurons and other nearby glia are 
critical in mediating allodynia. Patients with fetal alcohol spectrum disorder experience 
sensitivity to light touch and have aberrant immune responses. Studies in animal models of 
prenatal alcohol exposure (PAE) demonstrate increased withdrawal responses to mildly noxious 
thermal stimuli. Therefore, we examined whether PAE causes a lifelong enhancement of 
allodynia and spinal glial activation in response to standard-CCI (4-suture loose ligation) or a 
minimal CCI (1-suture) model that does not produce allodynia in non-PAE animals. 
Methods: Saccharin (Sac controls) or PAE dams consumed 5% ethanol (v/v) four hours each day 
throughout pregnancy. Adult male offspring (4 mo. or 1 yr.) were assessed for hindpaw light 
touch withdrawal thresholds (Von Frey test for allodynia) prior to sham or CCI surgery and after 
surgery. On day 28 after surgery, 4 mo. rats received intrathecally (i.t.) either vehicle or BIRT-
377, an antagonist to lymphocyte function-associated protein 1(LFA-1), which is expressed by 
spinal microglia and immune cells during their activation and migration. Allodynia was re-
assessed daily for 4 days, followed by transcardial saline/paraformaldehyde perfusion for 
immunohistochemical detection of lumbar dorsal spinal cord glial activation markers. 



Results: 4-suture CCI enhanced allodynia in 4 mo. and 1 yr. PAE rats compared to controls, and 
1 suture CCI induced unilateral allodynia in both 4 mo. & 1 yr. old PAE rats, but not in Sac 
controls. In 4 mo. 4-suture CCI PAE rats, bilateral astrocyte and microglial activation was 
highest while 1 yr. 4 suture CCI PAE revealed elevated ipsilateral astrocyte and microglial 
activation. Curiously, 1 yr. 1-suture CCI PAE did not induce increased microglial activation. 
Finally, in 4 mo. old PAE rats, i.t. BIRT-377 caused complete reversal of allodynia while 
corresponding astrocyte and microglial activation remained elevated. Ongoing studies are 
examining the effects of BIRT-377 on spinal glial & IL-1β responses. 
Conclusions: Results indicate that PAE causes lifelong enhancement of spinal glial-immune 
reactivity that may underlie a susceptibility to developing chronic neurological disorders 
including neuropathies in humans. 

Disclosures:  J.J. Sanchez: None. M.S. Sun: None. S. Davies: None. D.D. Savage: None. E.D. 
Milligan: None. 

Poster 

616. Neuropathic Pain II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 616.02/MM1 

Topic: D.02. Somatosensation: Pain  

Support: NIH 1P20GM103643 

Title: Involvement of CD137L in peripheral nerve injury-induced neuropathic pain 

Authors: *L. CAO, J. T. MALON, R. LEEMING;  
Univ. of New England, Biddeford, ME 

Abstract: CD137L, also known as 4-1BBL, is a co-stimulatory molecule involved in many 
immune functions. CD137L-mediated signaling can promote monocyte/macrophage 
proliferation, migration, and production of proinflammatory factors; however, CD137L-mediated 
microglial responses have not been studied extensively. Here, we sought to investigate the role of 
microglial CD137L in the development of peripheral nerve injury-induced neuropathic pain 
using a murine model, spinal nerve L5 transection (L5Tx). First, compared to wild type (WT) 
controls, B6_CD137L knockout (KO) mice displayed significantly decreased L5Tx-induced 
mechanical and heat hypersensitivity starting at day 3 post-L5Tx until day 35 post-L5Tx when 
the experiment was terminated. To determine the role of microglial CD137L, an anti-CD137L 
neutralizing antibody (Ab, clone TKS-1) was intrathecally injected into WT BALB/c mice daily 
from day 0 (before surgery) to day 7 post-L5Tx. The neutralizing Ab significantly reduced 



L5Tx-induced mechanical hypersensitivity but not the heat hypersensitivity. Further, we 
evaluated the microglial M1 vs M2 responses following L5Tx in both CD137L KO and WT 
mice via qRT-PCR and immunohistochemistry. Preliminary results suggest there may be less 
sustained M1 and M2 responses in CD137L KO mice compared to WT mice. Altogether, our 
data indicate that spinal cord CD137L contributes to the maintenance of peripheral nerve injury-
induced neuropathic pain-like behaviors, which may be in part due to a reduced activation of 
spinal cord microglial cells. 
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Abstract: Transcutaneous electrical nerve stimulation (TENS), noninvasive intervention, is 
commonly used for treatment of acute or chronic pain in several pathologic conditions, such as 
osteoarthritis (OA). However, analgesic effects of TENS and its mechanisms are still unclear. 
The aim of this study is to investigate the efficacy of single TENS for pain treatment in rats with 
knee OA and its mechanisms related to glial cell inhibition. OA was induced by injecting 
monosodium iodoacetate (4 mg / 50 µl) into the synovial space of the right knee joint. High 
frequency (HF)-TENS (100 Hz), low frequency (LF)-TENS (4 Hz), or sham-TENS with 100 µs 
pulse duration and sub-motor threshold was applied for 20 minutes on the ipsilateral knee joint. 
Knee bend score (KBS), paw withdrawal threshold (PWT) and weight bearing were measured 
before and after TENS application. Immunohistochemistry for microglia and astrocyte was 
performed in the spinal L3-5 segments. In order to test the effects of glial cells inhibition on OA 
pain, minocycline, L-α-aminoadipate (LAA) or artificial cerebrospinal fluid (aCSF) was injected 
intrathecally. KBS and PWT were measured before and after drug delivery. Both HF- and LF-



TENS significantly decreased KBS and increased PWT, but did not recover the decreased weight 
load of ipsilateral side during locomotion. Both HF- and LF-TENS inhibit activated microglia in 
L3-5 compared to sham-TENS. Spinal astrocyte significantly reduced in L3-5 by LF-TENS and 
in L3 by HF-TENS. Both minocycline and LAA decreased KBS and increased PWT compared 
to aCSF. These results suggest that both HF- and LF-TENS alleviate OA pain in rats through 
inhibition of activated microglia and reduction of astrocyte expression in the spinal cord. 
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Abstract: VGF is a neuropeptide precursor whose expression is rapidly and robustly increased 
in dorsal root ganglion and dorsal horn neurons following peripheral nerve injury. We have 
demonstrated that the VGF-derived peptide TLQP-21 contributes to both the development and 
maintenance of hypersensitivity after peripheral nerve injury and inflammation, and that 
intrathecal administration of TLQP-21 results in thermal hyperalgesia. The receptor for TLQP-21 
was found to be the complement 
3a receptor C3aR1. We have determined that C3aR1 appears to mediate the spinal effects of 
TLQP-21, as TLQP-21-evoked thermal hyperalgesia is inhibited dose-dependently by the C3aR1 
antagonist SB290157. We aimed to examine whether the spinal effects of TLQP-21 were 
mediated by a direct interaction with this receptor, rather than activation of the complement 



pathway and generation of C3a. It was found by Cero et al that the terminal arginine of TLQP-21 
is required for activation of C3aR1, and that an arginine-to-alanine (R21A) substitution disrupted 
this. We generated a modified TLQP-21 peptide, with the R21A substitution (TLQP-R21A). 
When injected intrathecally, TLQP-R21A (1 nmol) demonstrated an attenuated thermal 
hyperalgesia compared to TLQP-21 (1 nmol), indicating that the spinal effect of TLQP-21 is 
largely mediated by activation of C3aR1. To examine potential cell types that respond to TLQP-
21, we performed calcium imaging in cultured primary microglia. Stimulation with TLQP-21 
evoked calcium mobilization in the cultured primary microglia, and this failed to occur in 
cultures prepared from C3aR1 knockout mice, indicating that the effect of TLQP-21 requires 
C3aR1. To visualize the interaction of TLQP-21 with C3aR1 in cultured primary microglia, we 
employed Click-iT chemistry. Cultures were incubated with an azide-modified TLQP-21, and 
then through a copper-catalyzed Click-iT reaction, were stained with a fluorescently-labeled 
alkyne. Preliminary results show a staining pattern that is consistent with receptor internalization, 
which provides further evidence of direct activation of C3aR1 by TLQP-21 in microglia. To 
determine whether C3aR1 upregulation after nerve injury may contribute to the involvement of 
TLQP-21 in hypersensitivity, we examined changes in receptor expression using quantitative 
real-time PCR. We found that C3aR1 mRNA expression is increased in the ipsilateral lumbar 
spinal cord compared to the contralateral side in spared nerve injury animals, and not in sham 
controls. This points to a potential mechanism for increased signaling by TLQP-21 following 
injury. 

Disclosures:  J.L. Cook: None. M. Riedl: None. K. Kitto: None. C. Honda: None. C. 
Fairbanks: None. L. Vulchanova: None. 

Poster 

616. Neuropathic Pain II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 616.05/MM4 

Topic: D.02. Somatosensation: Pain  

Support: 2013-R1A1A2074231 

 2013-R1A2A2A01067248 

Title: IKK/NF-κB-dependent satellite glia activation induces spinal cord microglia activation 
and neuropathic pain via ganglioside-TLR2 signaling 

Authors: *H. LIM1, H. LEE1, K. NOH1, B. YOU1, J. OH1, H. MOK2, B. KIM3, S. BACK4, J.-S. 
PARK1, K. KIM2, R. SCHNAAR5, M. KARIN6, S. LEE1;  



1Seoul Natl. Univ., Seoul / Gwanak-gu, Korea, Republic of; 2Kyung Hee Univ., Yongin, Korea, 
Republic of; 3Ajou Univ., Suwon, Korea, Republic of; 4Konyang Univ., Daejeon, Korea, 
Republic of; 5Johns Hopkins Univ., Baltimore, MD; 6Univ. of California San Diego, La Jolla, 
CA 

Abstract: Increasing evidence supports that both microglia and satellite glial cell (SGC) 
activation play a causal role in neuropathic pain development after peripheral nerve injury, yet 
the activation mechanisms and their contribution to neuropathic pain remain elusive. To address 
this issue, we generated Ikkβ conditional knockout mice in which IKK/NF-κB-dependent 
proinflammatory SGC activation is abrogated selectively in dorsal root ganglion (DRG). In these 
mice, nerve injury-induced proinflammatory gene expression and macrophage infiltration into 
the DRG were severely compromised. Likewise, nerve injury-induced spinal cord microglia 
activation and pain hypersensitivity were significantly attenuated in these mice compared to 
control mice. However, macrophages recruited into the DRG per se have minimal effects on 
spinal cord microglia activation suggesting a causal effect of SGC activation on spinal cord 
microglia activation. In an effort to elucidate the molecular mechanisms, we found that IKK/NF-
κB-dependent SGC activation induced St3gal2 expression in sensory neurons and subsequently 
leads to aberrant increase in ganglioside GT1b in afferent axons in the dorsal horn. In the spinal 
cord, GT1b functions as an endogenous agonist of toll-like receptor 2 (TLR2) to activate 
microglia and thereby induces pain central sensitization. Taken together, we present a novel 
mechanism for spinal cord microglia activation in nerve injury-induced neuropathic pain that is 
dependent on SGC activation, GT1b increase in the dorsal horn, and activation of microglial 
TLR2. 
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Abstract: [Introduction] The differential neuro-immune responses due to diverse genetic factors 
can impact on neuronal adaptive responses associated with a phenotype of pain. However, the 
precise mechanisms are poorly understood. To address this issue, we compared the vulnerability 
of neuropathic pain in four strains of inbred mice with differential genetic backgrounds. 
Furthermore, we investigated how immune genetic heterogeneity can influence the pain 
phenotype via immune responses using these mice. 
[Methods] In this study, four strains of inbred mice (C57BL/6J (B6), C3H/He (C3), DBA/2 and 
A/J) were used. Partial sciatic nerve ligation model was used as a neuropathic pain model, and 
mechanical allodynia was assessed by using von Frey filaments. Bone marrow (BM) chimeric 
mice were generated by intravenous injection of BM cells derived from donor mice into recipient 
mice irradiated with 8 Gy of gamma ray. 
[Results] After the nerve injury, the most severe neuropathic pain was observed in B6, while C3 
showed lower responses than other strains. In C3, the immunoreactivity of CD206-positive anti-
inflammatory M2 macrophages were remarkably increased in the dorsal root ganglia (DRG) after 
the nerve injury, while the number of Iba1-positive activated microglia in the spinal cord was 
smaller than that of B6. To determine whether the phenotype of peripheral immune cells affects 
spinal microglial activation, we generated BM chimeric mice between B6 and C3. Behavioral 
and immunohistochemical studies revealed that B6 donor chimeric mice showed significant 
severe mechanical allodynia and decreased ratio of M2/M1 macrophages in DRG only 3 days 
after the nerve injury, compared to C3 donor chimeric mice, suggesting that the differential 
phenotype of DRG macrophages partially participated in the early phase of neuropathic pain. By 
contrast, differential responses of spinal microglia depended on the phenotype of recipient mice, 
rather than the phenotype of DRG macrophages, which mainly contributed to the development 
and maintenance of neuropathic pain. 
[Conclusions] Taken together, our findings suggest that differential responses of immune/glial 
cells, especially microglia, contribute to the differential vulnerability of neuropathic pain on 
genetic heterogeneity. 
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Abstract: Microglial activation in the spinal cord plays a central role in the development and 
maintenance of chronic pain following a peripheral nerve injury. To date, there has not been a 
thorough assessment of microglial activation brain regions associated with pain and reward. To 
this end, we used a mouse model of neuropathic pain, whereby the left sciatic nerve was loosely 
constricted (chronic constriction injury) and assessed microglial activation in several brain 
regions two weeks following injury. We found significant upregulation of microglial markers of 
activation in brain regions associated with pain and affect, including the thalamus and prefrontal 
cortex, and amygdala. Activation was consistently most robust on the contralateral side. Regions 
not directly involved in pain or affective processing, such as the motor cortex, did not display 
microglial activation on either side. This study confirms that peripheral nerve injury induces 
microglial activation in regions involved with pain and affect. 
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Abstract: Chronic pain is a major clinical problem that has a profound effect on quality of life 
and poses a significant burden on the U.S. health care system. A substantial proportion of 
patients report inadequate management of pain and patients are often plagued by deleterious side 
effects. The development of persistent pain requires plasticity of primary afferent nociceptors, 
which drive lasting changes in central circuits. Pro-inflammatory mediators released by immune 
cells contribute to the sensitization of nociceptors in response to injury, suggesting that 
modification of inflammatory pathways may alter the perception of persistent pain. To date most 
attention directed towards the inflammatory component of pain has been focused on neuro-
immune interactions at the site of injury in peripheral tissues; our recent evidence suggests 
macrophage activity in dorsal root ganglia (DRG) in response to distant noxious stimuli. mRNA 
of CCL-2, a chemokine primarily responsible for the recruitment of monocytes, is upregulated in 
rat DRG following peripheral injury. Changes in expression of CSF1 (M-CSF), a growth factor 
known to induce macrophage proliferation, has also been shown in both DRG and spinal cord 
following peripheral nerve injury. Further, the purinergic receptors P2Y12 and P2Y13, expressed 
on both macrophages and DRG neurons, have been shown to modulate anti-nociceptive effects. 
We have recently obtained evidence that 1) macrophages are present in mouse DRG surrounding 
sensory neuron cell bodies, and 2) that peripheral noxious insults (hindpaw injection of complete 
Freund’s adjuvant or capsaicin) induce changes in macrophage phenotype and function. Our 
findings suggest that macrophages in DRG monitor nociceptor activity and respond to intense 
stimulation with functional changes. These data are critical for determining whether DRG 
macrophages exert positive or negative influences on nociceptor sensitization in response to 
peripheral insult or injury and may lead to novel therapeutic approaches for the management of 
persistent pain. 
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Abstract: Immune cells contribute to the mechanisms underlying neuropathic pain, at the site of 
nerve damage in the periphery, in the dorsal root ganglia (DRG) and in the dorsal horn of the 
spinal cord. At the site of injury and in the DRG, macrophages infiltrate in response to a 
chemokine gradient and release mediators able to sensitize neurons thereby contributing to 
peripheral sensitization, which together with central sensitization, is fundamental for the 
generation of allodynia, hyperalgesia and spontaneous pain. Here we started to explore whether 
macrophages release exosomes containing microRNAs (miRs) and regulate sensory neuron 
activity in the DRG. Exosomes are small vesicles (30-150 nm) containing RNA and protein 
cargos that are secreted by all cells types, including immune cells. Exosomes are considered to 
be highly specified enablers of intra- and extracellular communication, and recent evidence has 
indicated that microglia/macrophages can release and phagocytose exosomes. In our study, RT-
qPCR of intracellular levels of selected miRs in cultured peritoneal macrophages demonstrated 
presence of miR 21-5p, Let 7b-5p, miR 155-5p and miR 134-5p. Furthermore, macrophages 
incubation with LPS for 3 hours resulted in significant release of exosomal markers TSG101 and 
CD81. Exosomes, isolated from the cell media were subjected to RT-qPCR to determine their 
contents. In particular, LPS stimulation induced release of miR-155, miR-21, miR-let7b, but not 
miR-134. Then, we evaluated whether the overexpression of miR 21-5p in macrophages could 
affect their phenotype. Transfection of peritoneal macrophages with miR-21-5p induced up- 
regulation of pro-inflammatory markers nuclear factor-κB (NF-κB) and inducible nitric oxide 
synthase (iNOS) and down-regulation of anti-inflammatory markers IL-10 and arginase-1. 
Furthermore, flow cytometry of miR 21-5p transfected macrophages confirmed in these cells a 
significant reduction of M2 phenotype in favor of M1. These transfection data in vitro indicate 
that an increase in intracellular miR-21-5p levels induces a shift in macrophage polarization from 
resting M2 phenotype to M1 pro-inflammatory phenotype. Flow cytometry analysis of 
leukocytes (CD45+ cells) isolated from 7 day-neuropathic mice demonstrated a significant 
infiltration of macrophages (F4/80+ CD11b+ cells) in ipsilateral DRG and especially CD206-

CD11c+ cells (M1 macrophages) whilst CD206+CD11c- cell (M2 macrophages) numbers were 



comparable in sham and injured DRG. Future studies will assess whether the release of exosome 
containing miRs from macrophages contributes to the ongoing nociceptive neuron activity under 
neuropathic pain states. 
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Abstract: Herpetic neuralgia is the most important symptom of herpes zoster disease, which is 
caused by Varicella zoster. Nevertheless, the pathophysiological mechanisms involved in 
herpetic neuralgia are not totally elucidated. Here, we examined the neuro-immune interactions 
at the sensory ganglia that account for the genesis of herpetic neuralgia by using a murine model 
of Herpes simplex virus type-1 (HSV-1) infection. The cutaneous HSV-1 infection of mice 
results in the development of a zosteriform-like skin lesion followed by a time-dependent 
increase in pain-like responses (mechanical allodynia). Leukocytes, composed mainly of 
macrophages and neutrophils, infiltrate infected DRGs and account for the development of 
herpetic neuralgia. Infiltrating leukocytes are responsible for driving the production of TNF, 
which in turn mediates development of herpetic neuralgia through down-regulation of the 
inwardly rectifying K+ channel, Kir4.1, in satellite glial cells. These results revealed that neuro-
immune interactions at the sensory ganglia play a critical role in the genesis of herpetic 



neuralgia. In conclusion, the present study elucidates novel mechanisms involved in the genesis 
of herpetic pain and open new avenues in its control. 
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Abstract: Myelin basic protein (MBP) is an auto-antigen we have implicated in the development 
of severe pain arising from innocuous touch (mechanical allodynia). The specific mechanisms of 
this pro-algesic MBP activity remain obscure. Herein, we have demonstrated that following 
chronic constriction injury (CCI) to rat sciatic nerve, membrane-type (MT)1-matrix 
metalloproteinase (MT1-MMP/MMP-14) contributes to the release of the pro-algesic MBP69-86 
peptide and then to mechanical allodynia. Specifically, MT1-MMP was constitutively expressed 
in the intact sciatic nerve. However, there was a gradual MT1-MMP increase starting at day 3 
post-CCI, especially in Schwann cells and macrophages. Inhibition of MT1-MMP activity, using 
the selective, function-blocking human DX2400 monoclonal antibody, administered once into 
the sciatic nerve at day 3 post-CCI, attenuated mechanical allodynia. Morphologically, CCI 
nerves displayed Wallerian degeneration (axonal degeneration, edema, myelin ovoids and 
immune cell infiltration) after IgG1 treatment, whereas greater numbers of uncompromised 
axons were observed in CCI nerves treated with DX2400. DX2400 treatment also prevented 



MBP degradation and reduced the level of the liberated MBP69-86 peptide at the CCI site. In 
teased out sciatic nerve myelinated fibers, we observed that after nerve injury, a decline in intact 
MBP was accompanied by accumulation of the membrane MT1-MMP and the MBP69-86-
reactive fragment in close proximity to the nodes of Ranvier. Finally, we confirmed our earlier in 
vitro findings that MT1-MMP liberated the 69-86 MBP fragments from the intact MBP, and in 
vivo observations that the MBP69-86 peptide (rat sequence) injection into the intact nerve was 
sufficient to produce a robust and lasting state of allodynia. These data implicate MT1-MMP as a 
key protease in sustaining MBP-induced pain and an important therapeutic target in painful 
neuropathy. 
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Abstract: Trigeminal neuropathic pain is a well-recognized complication of the demyelinating 
disease multiple sclerosis (MS). The mechanisms underlying MS-related trigeminal neuropathic 
pain are poorly understood. This can be attributed, at least in part, to the lack of an animal model 



that exhibits trigeminal pathology similar to that described in MS. Experimental autoimmune 
encephalomyelitis (EAE) is an animal model characterized by central nervous system 
inflammation and demyelination that is commonly used to study the pathophysiology of MS. We 
show here that mice with EAE exhibit increased sensitivity to air puffs applied to the whisker 
pad. The increased sensitivity to air puff stimulation is accompanied by immune cell infiltration 
and glial activation at several points along the trigeminal primary afferent pathway. Specifically, 
we found increased numbers of T cells and macrophages in the trigeminal ganglia (TG) of mice 
with EAE. We also observed a significant, but transient, increase in satellite glial cell expression 
of GFAP in the TG of EAE animals. Further investigation of the TG in EAE animals has 
revealed that the neuronal injury marker, ATF3, is also transiently increased. Additionally, recent 
preliminary data suggest that there are more calcitonin gene-related peptide (CGRP)-positive 
neurons in the TG of EAE animals. At the level of the trigeminal root entry zone, we found 
significant numbers of immune cells, demyelination and a transient decrease in GFAP 
immunoreactivity in EAE mice. Finally, we observed T cell infiltration, microglia/macrophage 
activation, demyelination and reactive astrocytes throughout the trigeminal brainstem complex in 
EAE animals. Interestingly, the pattern of trigeminal demyelination seen in EAE mice is similar 
to that previously described in people with MS-related trigeminal neuropathic pain. This is the 
first study to show orofacial sensory disturbances and trigeminal demyelination in EAE. 
Collectively, our data suggest that EAE may be a useful model for understanding MS-related 
trigeminal neuropathic pain conditions such as trigeminal neuralgia. 
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Abstract: We have shown previously that spinal nerve ligation-induced peripheral nerve injury 
leads to increased production of extracellular matrix glycoprotein Thrombospondin-4 (TSP4) and 
of voltage gated calcium channel (VGCC) accessory subunit α2δ-1. Furthermore, interdependent 
interactions of TSP4 and α2δ-1 result in excitatory synaptogenesis that correlates with behavioral 
hypersensitivity. However, very little is known about the mechanism underlying TSP4/α2δ-1 
mediated synaptogenesis. We examined this issue using a primary dorsal root ganglion 
(DRG)/spinal cord neuron co-culture system as an in vitro model that mimics the connectivity 
between primary DRG sensory neurons and secondary spinal cord neurons. We have found that 
TSP4 interacts specifically with pre-synaptic α2δ-1 at the central terminals of DRG neurons to 
promote synaptogenesis, but TSP4 interactions with post-synaptic α2δ-1 at spinal cord neurons 
or α2δ-1 at DRG neuronal somas are not synaptogenic. Early gabapentin treatments can block 
initiation of excitatory synaptogenesis mediated by TSP4/α2δ-1 dependent processes, but 
delayed gabapentin treatments have no effect on already formed excitatory synapses. 
Furthermore, excitatory synaptogenesis mediated by TSP4/α2δ-1 dependent processes is T-type 
VGCC function dependent as it can be blocked by T-type VGCC specific blockers, but not by N-
type, L-type and P/Q-type VGCC blockers. Together, these findings support that nerve injury-
induced excitatory synaptogenesis in dorsal spinal cord is likely initiated by aberrant TSP4 
interactions with pre-synaptic α2δ-1 that activate a synaptogenic pathway involving T-type 
VGCC functions. Blocking this pathway preemptively may provide beneficial effects in 
preventing injury-induced aberrant excitatory synaptogenesis and chronic pain states. 
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Abstract: Chronic constriction injury (CCI) following loose ligation of the sciatic nerve induces 
robust behavioral mechanical and thermal hypersensitivity in rats. The aim of the present work 
was to assess whether “basic” electrophysiological recordings of spinal neurons in CCI and 
SHAM-operated rats, including lamina I nociceptive specific (NS) and lamina V wide dynamic 



range (WDR) projection neurons, reflected this expected hyper-reactivity. Spinal neurons 
innervating the glabrous skin of the hind paw were recorded under pentobarbital or isoflurane 
anaesthesia in 2 experiments including 10 CCI and SHAM rats each. Spontaneous activity, 
evoked and post-discharge responses to mechanical (von Frey probe, calibrated pinch) and 
thermal (Water Jet) stimuli were measured on the side ipsilateral and contralateral to the surgery. 
The experiments performed under pentobarbital or isoflurane anaesthesia focussed on WDR and 
NS neurons, respectively. A total of 166 neurons were recorded, yielding approximately 20 
neurons for each combination of side, pathophysiological and anaesthetic condition. Neurons 
recorded under pentobarbital included mostly WDR profiles with receptive field covering the 
digits. Neurons recorded under isoflurane included mostly NS profiles with receptive field 
covering the palm of the paw, half of them being confirmed projection neurons by antidromic 
stimulation from the cervical cord. In the pentobarbital experiment, evoked responses and to a 
greater extent post-discharge responses were slightly increased on the injured side in CCI rat 
compared to the treated side in SHAM rats. Comparing the side ipsilateral to the surgery with the 
contralateral side showed that on the ipsilateral side responses altogether tended to be increased 
in CCI rats, but decreased in SHAM rats. In the isoflurane experiment, responses altogether were 
almost similar on the treated side in CCI and SHAM rats. Evoked responses were similar when 
comparing the ipsilateral to the contralateral side in CCI and SHAM rats. In contrast, post-
discharge responses were greatly increased on the ipsilateral side to the injury in CCI rats 
compared to the contralateral side. No difference was observed in SHAM rats.The present 
experimental conditions did not provide evidence for the expected sensitization of spinal neurons 
in CCI rats. We suspect that more stringent criteria of inclusions are necessary to unravel the 
spinal neural substrate at the origin of behavioral hypersensitivity. Our data also suggest that the 
choice of appropriate control conditions is needed to interpret the effects of CCI on the activity 
of spinal neurons. 
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Abstract: Myelin basic protein (MBP) is a known auto-antigen detected in multiple sclerosis 
patients. Our previous studies have shown that immunodominant MBP epitopes are 
proteolytically released in sciatic nerves after chronic construction injury (CCI). A single 
injection into the sciatic intact nerve of the pure peptides that represented these MBP epitopes 
was sufficient to produce a sustained state of neuropathic pain. The MBP peptides produced 
mechanical, but not thermal pain hypersensitivity, as determined using von Frey and Hargreaves 
testing. These data imply the role of myelinated A-afferents, which are conventionally known to 
transduce touch stimuli, in pain transduction. The present study is focused on understanding the 
mechanisms underlying the activities of the pro-algesic MBP peptides in Schwann cell and 
myelinating DRG cultures. The ability of the endogenous and exogenous pro-algesic MBP 
peptides to undergo axonal transport is also being assessed. Finally, mechanical hypersensitivity 
induced by MBP was transiently inhibited with gabapentin (a ligand of voltage-gated calcium 
channel α2δ1), an interleukin (IL)-6-neutralizing antibody, and was diminished in T-cell 
deficient athymic nude rats. In contrast, therapeutics such as lidocaine (sodium channel blocker), 
ketorolac (COX inhibitor), MK801 (NMDA antagonist) and TAK242 (toll-like receptor (TLR)-4 
inhibitor) failed to reverse MBP-induced pain. Together, our data predominantly implicate 
adaptive T cells but not innate immune cells, such as microglia, in mediating MBP-induced pain. 
Because our initial studies have been accomplished in females, we now focus on the comparative 
analyses of the effects of nociceptive MBP peptides in female vs. male animals. In summary, 
MBP presents a novel pharmacological target in the nociceptive cascades activated in 
demyelinating disorders and painful neuropathies. 
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Title: 5-hydroxymethylcytosine and ten-eleven translocation proteins in the dorsal root 
ganglia—expression and dynamic regulation in neuropathic pain 
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BUCHHEIT1, T. BERTA3, T. VAN DE VEN1;  
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Abstract: Epigenetic mechanisms are increasingly recognized to contribute to the pathology of 
chronic pain conditions. 5-hydroxymethylcytosine (5hmC) is a recently discovered epigenetic 
modification with wide-ranging roles in neuronal processes such as development, learning and 
memory and synaptic transmission. Although much is known about 5hmC in the central nervous 
system, it is not yet known whether this epigenetic mark is present in the somatosensory neurons 
of the dorsal root ganglia (DRG) or if it plays a role in the pathogenesis of neuropathic pain due 
to nerve injury. Thus, the aim of this current study was characterize the expression and nerve 
injury-induced dynamics of 5hmC and the 5hmC-generating Ten-eleven translocation (TET1-3) 
proteins in the DRG. We found that 5hmC is present in both neurons and glia of the DRG and 
that 5hmC levels increase in the DRG after peripheral nerve injury. In addition, all three TET 
family members were found to be expressed in DRG cells, but with distinct expression patterns. 
TET1 and TET3 demonstrated exclusively neuronal expression, while TET2 was found broadly 
in neurons and non-neuronal cells. Interestingly, TET3 was preferentially expressed in small and 
medium diameter, Peripherin-positive DRG neurons and was the only TET family member 
whose expression was altered by peripheral nerve injury, indicating that TET3 may play a 
distinct role in nociception under normal and pathological conditions. Taken together, our study 
suggests that 5hmC and TET proteins may be important contributors to the pathogenesis of 
neuropathic pain and warrant further investigation. To test the specific contributions of TET1-3 
in neuropathic pain, we are currently conducting studies using shRNA-mediated knockdown of 
TET1-3 in vivo. 
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Title: Autonomic dysfunction contributes to nociceptive plasticity after spinal cord injury 

Authors: *S. M. GARRAWAY1, S. PARVIN2;  
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Abstract: Chronic neuropathic pain is a major consequence of spinal cord injury (SCI). As a 
result of its unpredictable onset, various etiologies and expressions, the underlying neural 
mechanisms of chronic neuropathic pain are poorly understood. SCI also often results in 
autonomic dysfunction which typically includes compromised respiratory function. There is 
evidence in support of significant cellular and anatomical overlaps between maladaptive 
sympathetic and sensory processing. However, a thorough investigation into their interactions 
after SCI has not been demonstrated. 
The objective of the study was to investigate temporal changes in sensory nociceptive processing 
and autonomic dysfunction after SCI in adult Long Evans rats with a lateral hemisection or 
contusion SCI, or sham surgery at the thoracic (T) 8 spinal cord. Specifically, we focused on the 
development of thermal and mechanical hypersensitivity and parallel changes in respiratory rates 
(RRs). At weekly time-points ranging from 24 hours to 7 weeks after injury, thermal sensitivity 
was assessed with the tail-flick and Hargreaves tests, while mechanical responses to von Frey 
filaments and brush stimulation to the trunk skin were evaluated. Changes in RRs were assessed 
using highly sensitive non-contact electric field sensors (EPIC, Plessey Semiconductors) that 
measure breathing frequencies. RRs were monitored before and after SCI, and during behavioral 
pain tests. 
Our results showed that SCI increases basal respiratory rates, an increase that is maintained for 
several weeks after injury. SCI rats had increased thermal and mechanical sensitivity. Moreover, 
they showed a greater increase in their RRs in response to mechanical and thermal stimulation, 
although this effect depended on the type of injury. In SCI rats with a hemisection, RRs were 
increased during thermal testing. In contrast, an increase in RRs in response to mechanical 
testing was typically seen in subjects with a moderate contusion injury. Mechanical allodynia 
and stimulation-induced increases in RRs were in part driven by increased sympathetic activity, 
as these effects were significantly attenuated following administration of propranolol, a β-
adrenergic antagonist (20mg/kg). 
Overall, these preliminary observations reveal that maladaptive sensory processing after SCI is 
influenced by autonomic dysfunction. They also suggest that interactions between sensory and 
autonomic dysfunction after SCI may depend on the type or severity of injury. 
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Title: Changes in chloride co-transporter and cytoskeletal proteins in mice with EAE: 
Implications for pain processing in Multiple Sclerosis. 

Authors: *M. YOUSUF1, K. ZUBKOW1, B. J. KERR2;  
1Neurosci. and Mental Hlth. Istitute, 2Dept. of Anesthesiol. and Pain Med., Univ. of Alberta, 
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Abstract: Multiple Sclerosis (MS) is an autoimmune inflammatory disorder of the central 
nervous system. It manifests with a multitude of physical and cognitive symptoms. More than 
half of MS patients also complain of neuropathic pain. Neuropathic pain can arise as a result of 
hyperexcitability of spinal dorsal horn neurons. Various proteins are important for regulating the 
balance between excitation and inhibition in the CNS to prevent hyperexcitability. The Na+-K+-
Cl- co-transporter 1 (NKCC1) is one such transporter that is crucial for determining the strength 
and polarity of GABA, the principle inhibitory neurotransmitter in the CNS. NKCC1 on 
presynaptic terminals in the dorsal horn regulates primary afferent depolarization. We set out to 
identify whether changes in the expression of NKCC1 arises in mice with experimental 
autoimmune encephalomyelitis (EAE), an animal model commonly used to study MS, that may 
relate to pain hypersensitivity in this model. qRT-PCR analysis of dorsal spinal cord revealed a 
marked decrease in mRNA levels for NKCC1 at disease onset and peak, time points when pain 
behaviours are prominent in the disease. A similar pattern of expression was found at the protein 
level for both NKCC1 and phosphorylated NKCC1, in the dorsal spinal cord. In contrast, we find 
that in the DRG, protein levels of NKCC1 are significantly elevated at the onset of clinical signs 
in EAE. An accumulation of NKCC1 in the DRG with a reduction in the dorsal horn may be the 
result of impaired anterograde transport from the cell bodies of DRG neurons. We find that the 



axon-specific microtubule associated protein, tau, is downregulated after the onset of symptoms. 
Furthermore, kinesin levels are also decreased at the onset of clinical signs in EAE. These results 
suggest that the axon cytoskeleton is integral for mediating the levels of the chloride co-
transporter NKCC1 in the axon terminals of the dorsal horn. Early disease associated damage to 
peripheral cytoskeleton proteins may prevent NKCC1 transport leading to a reduction in 
presynaptic inhibition, hyperexcitability and enhanced nociceptive behaviours early in the 
disease course of EAE. 
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Title: SIRT3 and mitochondrial ROS play an important role in HIV neuropathic pain induced by 
the antiretroviral therapy in rats 
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Dept Anesthesiol., Univ. of Miami, Miami, FL 

Abstract: Highly active antiretroviral therapy (HAART) has markedly increased survival of 
patients with HIV/AIDS. However, nucleoside reverse transcriptase inhibitors (NRTIs) induce 
neurotoxicity and cause a painful peripheral neuropathy. While there has been a major shift away 
from some neurotoxic NRTIs in current antiretroviral therapy, a large number of HIV patients 
alive today have previously received them, and many have developed painful peripheral 
neuropathy. The molecular mechanisms by which NRTIs contribute to the development of 
neuropathic pain, are not known. Mitochondrial oxidative stress is involved in the 
neuroinflammatory diseases. Sirtuin-3 (SIRT3) is a class III lysine deacetylase that is localized to 
the mitochondria, and regulates mitochondrial respiration and oxidative stress resistance 
enzymes, such as manganese superoxide dismutase (MnSOD). SIRT3 deacetylates MnSOD and 



activates MnSOD to scavenge ROS (mitochondrial anti-oxidative mechanisms (SIRT3-
MnSOD)). Few studies show the effect of SIRT3-MnSOD on HIV neuropathic pain. Here, we 
examined if SIRT3 and mitochondrial oxidative stress played a role in HIV neuropathic pain. 
Neuropathic pain was induced by systemic 2’,3’-dideoxyinosine (ddI, one of NRTIs). The 
lowered mechanical threshold (mechanical allodynia) induced by ddI, lasted for 5 weeks. 
Systemic ddI induced the downregulation of SIRT3, and decreased the activity of MnSOD in the 
spinal cord dorsal horn. Intrathecal injection of Mito-tempol (MitoT, a mitochondria-targeted 
superoxide scavenger), or recombinant SIRT3 increased mechanical threshold. Intrathecal Mito-
T suppressed MitoSox (mitochondrial superoxide marker) profile neuron number in the spinal 
cord dorsal horn. Based on these results above, we suggest that SIRT3 and mitochondrial 
oxidative stress play an important role in HIV neuropathic pain induced by NRTIs. The study 
will provide preclinical evidence for novel pharmacotherapy in patients with HIV-related pain. 
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Title: Mitochondrial reactive oxygen species facilitate excitatory synapses on spinothalamic tract 
neurons in neuropathic pain 
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Abstract: Synaptic plasticity is important for normal brain functions such as learning and 
memory. Dysregulated synaptic plasticity is implicated in the development of various 
neurological conditions including neuropathic pain. However, the underlying mechanism of 
synaptic plasticity in neuropathic pain conditions is poorly understood. We previously reported 
that the level of mitochondrial reactive oxygen species (mROS) is correlated with the extent of 
allodynia induced by intradermal capsaicin. This indicates that the sensitization of the spinal 



dorsal horn neurons is affected by mROS. The present study explored the possible involvement 
of mROS in the plasticity of excitatory synapses on the spinal dorsal horn neurons in neuropathic 
condition by using 3 types of mice: mitochondrial superoxide dismutase (SOD2) knock-out 
(SOD2-KO), SOD2-overexpressing (SOD2-OE) transgenic, and wild type (WT). Neuropathic 
mice were generated by spinal nerve ligation (SNL) surgery. Pain levels were determined by 
measuring the foot withdrawal frequency to von Frey filament stimulation before and after SNL 
up to 14 days. Miniature excitatory postsynaptic currents (mEPSC) in identified spinothalamic 
tract neurons (STTn) were recorded from the spinal cord slices using patch clamping. Patch 
clamp recordings were done 7-14 days after SNL. SOD2-KO showed greater but SOD2-OE 
manifested less mechanical allodynia than WT mice after SNL. Comparable with the pain 
behavior, SNL increased the frequency of mEPSC in STTn in the order of SOD2-KO > WT > 
SOD2-OE. The amplitude of mEPSC did not differ either among three genotypes or between 
sham- and SNL-operated mice. Thus, we conclude that mROS are important molecules 
increasing activities of excitatory synapses on STTn, thereby contributing to neuropathic 
mechanical allodynia. 
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Title: A single intrathecal delivery of the adenosine 2A receptor agonist, ATL313, produces 
sustained antinociception by promoting A2BR- and PPAR-gamma-mediated anti-inflammatory 
processes in the spinal cord of rats. 
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Abstract: Neuropathic pain affects approximately 4 million people in the U.S. and remains 
refractory to analgesics in many patients. We have previously found that adenosine 2A receptor 
(A2AR) agonists such as ATL313 generate profound anti-inflammatory effects and produce 



sustained reversal of mechanical allodynia when administered intrathecally (IT) in rat models of 
neuropathic pain, including chronic-constriction-injury (CCI). In this study, we further explore 
spinal cord mechanisms related to the sustained antinociceptive effects of ATL313. Male 
Sprague Dawley rats received CCI surgery which produces long-lasting mechanical allodynia for 
several months. On day 14 following CCI, a single IT administration of ATL313 effectively 
reversed mechanical allodynia for four weeks. IT delivery of an A2BR antagonist, MRS1754 but 
not an A2AR antagonist, ZM241385, one week after ATL313 administration, permanently 
reversed the sustained antinociceptive effect. This effect was correlated with increased spinal 
cord A2BR mRNA expression in ATL313-treated animals that received CCI but not sham 
surgery. Moreover, IT delivery of the peroxisome-proliferator-activated receptor gamma (PPAR-
γ) antagonist, GW9662, temporarily reversed the sustained antinociceptive effect produced by 
ATL313. Isolation of spinal cord cells from animals treated with ATL313 in vivo revealed that 
these cells release IL-10 and cyclic adenosine monophosphate (cAMP). These results suggest 
that IT A2AR agonists produce sustained reversal of neuropathic pain by promoting A2BR- and 
PPAR-γ-related anti-inflammatory signaling in spinal cord, associated with release of cAMP and 
IL-10. 
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Title: Time course characterization of bone loss following K/BxN serum transfer in male and 
female mice 
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Abstract: Joint pain is the primary reason individuals with arthritis seek medical care. 
Unfortunately, arthritic pain is difficult to treat, and current treatments are fraught with 
undesirable side effects. It is commonly thought that pain is evoked by inflammation and / or 
joint damage, leading to a peripheral and central sensitization. However, the severity of pain 
often does not correlate well with these factors. We hypothesize that, while inflammation leads 
to sensitization of joint terminals, over time, changes occurring within the joint itself (e.g. bone 
loss / remodeling) may contribute to the ongoing pain state. Therefore, our goal was to 
characterize the time-course of changes occurring within cortical and trabecular bone of the 
femur, tibia, and ankle joint of arthritic mice using µCT analysis. 
Using the K/BxN serum transfer model of arthritis, we have shown that male C57Bl/6 mice 
develop clinical signs of arthritis peaking around 12 days after serum transfer and declining 
thereafter. Inflammation is accompanied by a robust tactile allodynia (TA) commensurate with 
the onset of inflammation. Importantly male, but not female mice show TA persisting well 
beyond the resolution of inflammation (day 28). For this reason, bones of arthritic male and 
female mice were analyzed on day 0 (naïve), day 10, and day 28. 
We quantified arthritis-induced changes in the femur, tibia, talus, and calcaneus. For trabecular 
bone, we determined trabecular bone mineral density (tBMD), percent bone volume (BV/TV), 
trabecular thickness (Tb.Th), trabecular number (Tb.N), trabecular separation (Tb.Sp), the degree 
of anisotropy (DA); while for cortical bone, BMD (cBMD), cortical area (Ct.Ar), and cortical 
thickness (Ct.Th) were examined. 
In the distal femur and proximal tibia, we found that arthritic male, but not female, mice showed 
a significant decrease in tBMD, BV/TV, Tb.N at day 28 as compared to age- matched naive 
mice. There were no major changes in the cortical bone of the femoral or tibial mid-diaphyses. In 
the talus, there were no significant changes in any trabecular bone parameters in female or male 
arthritic mice as compared to naïve. In the calcaneus, tBMD and BV/TV are significantly 
decreased in male and female arthritic animals as compared to naïve. While there was no 
difference in Tb.Th or Tb.Sp, we found a significant decrease in Tb.N over time in arthritic 
females. 
Together, these results suggest that K/BxN serum transfer-induced arthritis results in sex-
dependent changes in TA and bone loss in different bones. Additional work will determine 
whether these bone changes are associated with long-term mechanical hypersensitivity in 
arthritic mice. 
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Abstract: Spinal cord injury (SCI) can lead to a devastating loss of function and intractable 
chronic pain.Pain is consistently ranked as one of the most significant health concerns among 
patients, and many report receiving inadequate pain relief. Pain following SCI is unique because 
it is one of few instances where pain is generated centrally. However, evidence has supported 
that the cells within the spinal cord are not the only cells in the nociceptive system impacted by 
SCI and that primary afferent nociceptors also play an integral role in the development and 
maintenance of chronic SCI-induced pain. Studies examining the contribution of primary 
afferents to SCI pain have shown that sensory neurons exhibit spontaneous activity following 
SCI. The neurons that exhibit spontaneous activity are sensitive to capsaicin, possess the TRPV1 
receptor, and their spontaneous activity can be reduced by silencing the nociceptor specific 
sodium channel, Nav1.8. Sensitization of the primary afferent nociceptors can also contribute to 
the development of neurogenic inflammation whereby proinflammatory molecules are released 
from the peripheral terminals of nociceptors, resulting in peripheral inflammation and 
enhancement of pain. Here we examine how SCI impacts sensory neurons, as well as the skin 
and muscle in which they innervate. Mice were given a severe SCI using compression clips (60 g 
of force) at the level of T10-11, producing complete paralysis below the level of the forelimbs. 
To determine the time course of alterations in targets of interest, mice were sacrificed 24 hr 
following SCI and skin, muscle, and dorsal root ganglia (DRG) were collected at, above, and 
below the level of SCI. Tissue was then processed and analyzed for changes in gene expression 
using real-time RT-PCR. Analysis of DRG tissue revealed significant increases in TRPV1, 
TRPA1, calcα (CGRP), TrkA, and P2X3. Similar increases in gene expression were observed in 
DRGs collected from all levels with respect to the site of injury, for the exception of TRPV1, 
which showed significantly greater increases in expression above the level of injury. Analysis of 
hind and forepaw muscle showed significant increases in the expression of TRPV1 and calcα in 
hindpaw muscle, TRPA1 in forepaw muscle, and TrkA in hind- and forepaw muscle. Ongoing 
experiments are examining the time course of additional changes in gene and protein expression, 



alterations within individual afferents, and how severity of injury impacts these changes. Our 
data suggest that SCI results in early sensitization of afferent pathways and the development of 
neurogenic inflammation in a temporally specific manner. 
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Title: Antinociceptive effect of a modified protonectin isolated from Parachartergus fraternus 
wasp 
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Abstract: Neuroactive compounds are of great interest for their relevant potential to design new 
drugs, important to prevent and/or treat diseases such as chronic pain, as well as to develop other 
pharmacological tools. In this context, the study of wasp venoms has lead to the discovery of 
neuroactive molecules, however most peptides have yet to be identified or characterized. The 
social wasp Parachartergus fraternus has a remarkable peculiarity: although these wasps live in 
community, their venom act by irreversibly and non-lethally paralyzing their prey, which differs 
from other social wasps, which typically uses the venom only for protection against prey. This 
difference in the mode of action suggests the presence of compounds with activity in the nervous 
system. For this reason, the aim of this study was the identification and isolation of 
antinociceptive peptides in the venom of P. fraternus. The venom of P. fraternus was analyzed 
by two complementary strategies: HPLC fractionation followed by MALDI-TOF analysis and 
cDNA library construction and sequencing. A specific fraction was identified by mass 
spectrometry, however sequencing of this fraction was unable to unambiguously determine 
between Leucine and Isoleucine. Using the transcriptomic approach, the sequence of the 
precursor encoding this peptide was identified. The precursor encodes a propeptide of 61 amino 
acids with a putative signal peptide. The sequence of the mature peptide was determined and a 



synthetic peptide with two amino acid substitutions was produced by solid phase synthesis. 
Antinociceptive activity of both peptides was evaluated by the hot plate model in Swiss mice 
(n=4-6/group). The peptides were infused via i.c.v. at doses of 16 and 8 nmol/animal four days 
after the implantation of the guide cannula. Morphine (16nmol/animal) was used as positive 
control and vehicle solution was used as negative control (2µL/animal). The analgesic activity of 
the natural isolated peptide was shown to be effective at 8 nmol/animal (p<0.05) in the time 
points of 90, 120 and 240 min whereas the higher dose of 16 nmol/animal showed a decreased 
effect, probably due to neurotoxicity. The synthetic peptide had a dose-dependent response, 
where the highest dose (16 nmol/animal) showed antinociceptive activity that did not differ 
(p<0.05) from morphine in all time points tested. The synthetic peptide did not show hemolytic 
activity. Animals injected with the higher dose of the synthetic peptide did not show motor 
deficit in the antinociceptive test. This synthetic peptide tested showed the potential to contribute 
to the development of neuroscience in the elucidation of synaptic transmission and in the design 
of new drugs. 
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Abstract: The endogenous reactive metabolite methylglyoxal (MGO) has been suggested to play 
a causal role in the pathogenesis of diabetic peripheral neuropathic pain. Evidences suggest that 
MGO activates TRPA1 and NaV1.8 channels in sensory neurons to produce pain. However, these 
events may occur only at very high concentrations and the mechanisms underlying MGO-
induced pain over the longer term are not known. Recently the endoplasmic reticulum (ER) 
stress pathway was proposed to regulate the excitability of the nociceptive system, potentially via 
a direct action in DRG neurons. We hypothesized that MGO induces ER stress in DRG leading 
to a sensitization of these neurons. Our preliminary results using primary DRG cultures and WB 



show that MGO (1 micromolar, 3-48 h) produces an up-regulation of ER stress markers BiP, p-
PERK and p-eIF2 alpha. Remarkably, chronic ER stress response was observed with long 
exposure to MGO (24-48 h). Moreover, the integrated stress response inhibitor ISRIB (200 
nanomolar, 24 h) attenuated the effects of eIF2α phosphorylation produced by MGO exposure. 
Experiments in vivo and in vitro are ongoing in our lab to determine the mechanisms and 
downstream targets associated with MGO-ER stress response to promote chronic pain. 
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Abstract: We recently identified a novel, non-internalizing role for G protein-coupled receptor 
kinase 2 (GRK2) in maintaining delta opioid receptor (DOR) analgesic incompetence at the 
plasma membrane. However, the mechanism that maintains constitutive GRK2 association with 
DOR remains to be elucidated. Previous studies have shown that PKA phosphorylation of GRK2 
plays an important role in its plasma membrane targeting. A-kinase anchoring protein 79/150 
(AKAP), a scaffolding protein expressed in sensory neurons that resides at the plasma 
membrane, scaffolds protein kinase A (PKA) and mediates downstream signal transduction. In 
the present study, we sought to determine whether constitutive DOR desensitization by GRK2 is 
directed by PKA via AKAP-scaffolding. siRNA-mediated knockdown of AKAP in primary 
neuronal cultures significantly increased basal DOR association with GRK2. Complementary 
studies in primary sensory neurons from AKAP wildtype mice demonstrated that DOR can be 
primed for activation, but not in AKAP (-/-) neurons. In overexpression studies with wildtype 
and mutant AKAP, only AKAPΔPKA significantly reduced plasma membrane DOR:GRK2 
association and consequently increased DOR activity in sensory neurons without the need for 
priming. Furthermore, AKAP expression augments GRK2 phosphorylation by PKA in the 



cytosol and plasma membrane targeting of GRK2. These findings suggest that AKAP scaffolds 
PKA to increase plasma membrane targeting of GRK2 and maintain DOR analgesic 
incompetence. 
Research supported by NINDS NS082746 (NAJ) and NIDCR DE025551 (ADB). 
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Title: Depression attenuates allodynia and hyperalgesia of neuropathic pain via spinal dorsal 
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Abstract: Our previous study improved that depression attenuate chronic pain in rats, but the 
certain neural mechanisms in spinal dorsal horn (SDH) remain to be elucidated. Glucocorticoid 
receptors (GRs) is a classical nuclear receptor. Recent work demonstrated that GRs’ function is 
disabled in some related brain regions of depressive-like rats. Besides, GRs expression is up-
regulates in ipsilateral SDH of neuropathic pain rats. Thus, SDH GRs may play a crucial role in 
the depressive-like rat with neuropathic pain. This research divided male SD rats into 4 groups: 
Sham, Olfactory bulbectomy (OB), Spinal nerve ligation (SNL), and OB+SNL, group. First, OB 
was carried on following the open-field and sucrose consumption baseline tests. 14 days later, 
SNL or Sham surgery was executed. Mechanical allodynia and thermal hyperalgesia was tested 7 
days after SNL. Then, Western Blot was carried out to analyise the expression of GRs in SDH. 
The locomotive distance and rearing number in the open-field test were significant up-regulated, 
meanwhile sucrose consumption score was down-regulated after OB. Ipsilateral mechanical paw 
withdraw threshold (PWT), as well as thermal paw withdraw latency (PWL), of OB+SNL group 
was up-regulated compared with SNL group. Western blotting results revealed that in OB group 



cytoplasm GR level was increased, yet nucleus GR level was decreased (vs. Sham group) ; and 
in SNL group nucleus GR level was increased (vs. Sham group). What’s more, OB+SNL group 
nucleus GR level was significantly lower than that of SNL group. Pearson correlation analysis 
revealed that, both mechanical PWT and thermal PWL were negatively correlated with nucleus 
GR levels. In order to explain the possible neural mechanism, GR selective agonist 
dexamethasone (Dex) was applied intrathecally on the 15th day following OB operation for 1 
week, 4ug daily. Mechanical PWT and thermal PWL of SNL and OB+SNL group were 
significantly down-regulated by Dex. In SDH, nucleus GR levels were significantly up-regulated 
by Dex, especially in SNL and OB+SNL group, which were significantly higher than that of 
Sham and OB group. BDNF plays a crucial role in occurrence and development of neuropathic 
pain. The effect of OB or/and SNL surgeries on expression of BDNF was similar with that of 
nuclear GR in SDH. BDNF expression was also up-regulated by Dex, especially in the SNL and 
OB+SNL group which showed enhancement of mechanical allodynia and thermal hyperalgesia. 
In conclusion, because of nuclear translocation dysfunction in SDH induced by OB, GRs were 
not able to regulate their responsive protein such as BDNF, eventually leading to attenuation of 
neuropathic pain caused by SNL. 
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Abstract: Nerve growth factor (NGF) exerts multiple functions on target neurons throughout 
development. The recent discovery of a point mutation in NGF(NGFR100W) in patients with 
hereditary sensory and autonomic neuropathy, type V (HSAN V) made it possible to distinguish 
the signaling mechanisms that lead to two functionally different outcomes of NGF: trophic 
versus nociceptive. We performed extensive biochemical, cellular and live imaging experiments 
to examine the binding and signaling properties of NGFR100W. Our results show that, similar to 



the wildtype NGF (wtNGF), NGFR100W was capable of binding to and activating the TrkA 
receptor and its downstream signaling pathways to support neuronal survival and differentiation. 
However, NGFR100W failed to bind and stimulate the 75kD neurotrophic factor receptor 
(p75NTR)-mediated signaling cascades. Furthermore, NGFR100W no longer had the ability to 
induce hyper-potentiation of dorsal root ganglion (DRG) sensory neurons as detected by single 
cell patching clamp assay. Ceramide, a downstream signaling molecule to p75NTR appeared to 
play a significant role in NGF-induced hyper-sensitization of DRG neurons. Intraplantar 
injection of NGFR100W into adult rats induced neither thermal nor mechanical hyperalgesia 
either acutely or chronically. Taken together, our studies provide evidence that NGFR100W 
retains trophic support capability through TrkA but no longer engages the p75NTR signaling 
pathways. These results may, at least in part, explain the increase in pain threshold thus a loss of 
pain perception in HSAN V patients. 
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Title: Behavioral, molecular and electrophysiological changes induced by skin incision: 
implications for the development of chronic pain 
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Abstract: Tissue damage is one of the major etiological factors in the emergence of 
chronic/persistent pain, although mechanisms remain enigmatic. Using incision of the back skin 
of adult rats as a model for tissue damage, we observed sensitization in the nociceptive cutaneous 
trunci muscle reflex enduring to 28 days post-incision (DPI). Previously, we have shown that 
skin incision induces altered gene regulation in sensory neurons that is maintained long after the 
skin has healed and is resistant to standard clinical interventions (e.g., nerve block, NSAID). To 
determine if the enduring behavioral changes we observed with the cutaneous trunci muscle 
reflex corresponded with a long-term impact of tissue damage on sensory neurons, we examined 
the temporal expression profile of injury-regulated genes and the electrophysiological properties 
of traced dorsal root ganglia (DRG) sensory neurons. In this study, the mRNA for the 
injury/stress-hub gene Activating Transcription Factor 3 (ATF3) was upregulated and peaked 
within 4 DPI, after which levels declined but remained significantly elevated out to 28 DPI, a 
time when the initial incision appears healed and tissue-inflammation largely resolved. 
Accordingly, stereological image analysis indicated that some neurons expressed ATF3 only 
transiently (mostly medium-large neurons), while in others it was sustained (mostly small 
neurons), suggesting cell-type-specific responses. In retrogradely-traced ATF3-expressing 
neurons, Calcium/calmodulin-dependent protein kinase type IV (CAMK4) protein levels and 
isolectin-B4 (IB4)-binding were suppressed whereas Growth Associated Protein-43 (GAP-43) 
and Neuropeptide Y (NPY) protein levels were enhanced. Electrophysiological recordings from 
DiI-traced sensory neurons 28 DPI showed a significant sensitization limited to ATF3-
expressing neurons. Thus, ATF3 expression is revealed as a strong predictor of single cells 
displaying enduring pain-related electrophysiological properties. These findings may represent a 
new consideration for the impact that tissue damage may have on the health and well-being of 
individuals and on developing strategies for treatment. 
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Abstract: Acute pain is an essential physiological response to injury, allowing for quicker 
recovery by promoting protection of damaged tissue. In some cases, this acute, protective pain 
becomes chronic, a debilitating condition which persists after the initial injury has healed. 
Furthermore, the molecular bases for how chronic pain is initiated and maintained are not well 
understood. Since metabolism is inextricably linked to every aspect of cellular function and the 
shift from acute to chronic pain would require metabolic changes that can maintain the chronic 
pain state, we hypothesized that metabolic reprogramming leads to the transition of acute pain to 
chronic. Utilizing nerve growth factor (NGF)-induced hyperalgesic priming, we tested this 
hypothesis. Intraplantar injection of NGF evokes tactile hypersensitivity that resolves within 72 
hours. However, the animals that received NGF become primed for developing prolonged 
hypersensitivity following the intraplantar administration of prostaglandin E2 (PGE2). We 
determined that NGF triggers local translation of the transcription factor hypoxia-inducible 
factor 1-alpha (HIF-1 alpha) which is retrogradely transported to the soma of sensory neurons 
where it initiates the reprogramming of cellular metabolism. Using Extracellular flux analysis, 
we determined that pain is associated with a distinct metabolic phenotype where sensory neurons 
display increased glycolysis and reduced oxidative phosphorylation. Moreover, during the 
primed phase the animals do not display tactile hypersensitivity and the sensory neurons exhibit 
normal oxidative phosphorylation. Crucially, reversing these metabolic changes alleviates pain. 
Hence, these findings provide novel insights into the role of metabolic reprogramming of 
nociceptors in the development and maintenance of chronic pain. 
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Title: Small-animal neuroimaging analysis of placebo analgesia 
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Abstract: Placebo analgesia is a kind of pain relief that follows the administration of an inert 
treatment and is thought to result from expectation and implication. Placebo analgesia is a high-
order neuropsychological process that activate intrinsic descending pain control system. 
Neuroimaging studies in human implicate a hierarchical recurrent system is involved in placebo 
analgesia, including cortical (prefrontal cortex), subcortical (amygdala), midbrain 
(periaqueductal gray), medulla (rostral ventromedial medulla), and spinal cord. However, the 
underlying neural and molecular mechanisms in detail are still poorly understood. To address 
this issue, we tried to establish an animal model of placebo analgesia in neuropathic pain rats 
using Pavlovian conditioning, in which neuropathic pain was caused by tight ligation of the 
lumber 5/6 spinal nerves (SNL) and Pavlovian conditioning was established with a painkiller 
(gabapentin) as the unconditioned stimulus. We show here that after a few trials of paired 
stimulation of gabapentin with conditioning stimulus, the inert treatment (saline, i.p.) alone also 
induced analgesia in some animals. Such placebo analgesia was completely blocked by naloxone 
(i.p., 5mg/kg), a mu-opioid receptor antagonist. In order to identify the brain regions involved in 
placebo analgesia, we also assessed the regional brain activity in these animal using small-animal 
neuroimaging method combing 2-deoxy-2-[18F]fluoro-D-glucose positron emission tomography 
(PET) imaging with statistical parametric mapping analysis. Small-animal neuroimaging results 
showed that regional brain activity was increased in the medial prefrontal cortex and anterior 
insular cortex, and suppressed in the primary somatosensory cortex and primary motor cortex in 
the placebo analgesia group as compared with naloxone group. These results suggest that 
placebo analgesia could be established in animals using Pavlovian conditioning and that the 
brain regions identified in the present study could be involved in placebo analgesia. 
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Abstract: Monoacylglycerol lipase (MGLL) is the primary regulator of 2-arachidonoylglycerol 
(2-AG) an endogenous ligand of the cannabinoid (CB) receptors CB1 and CB2. Selective 
blockade of MGLL inhibits the hydrolytic degradation of 2-AG resulting in elevated 2-AG levels 
in the CNS and periphery, and CB1/2-dependent anti-nociceptive and anti-inflammatory effects. 
In the rodent brain and select peripheral tissues, MGLL inactivation also reduces levels of the 
catabolic product of 2-AG hydrolysis, arachidonic acid, a metabolic precursor to pro-
inflammatory prostanoids. Here, we present a comprehensive in vivo characterization of a 
selective covalent inhibitor of MGLL, ABD-1970. ABD-1970 is orally active in rodents 
producing a rapid and potent inhibition of MGLL and elevation of 2-AG in the brain. In vivo 
blockade of 2-AG hydrolysis was also associated with reduced levels of arachidonic acid and 
prostanoids PGE2, PGD2 and PGF2α in the brain. Using activity-based protein profiling to 
comprehensively profile the in vivo selectivity of ABD-1970 against other serine hydrolases, 
α/β-hydrolase domain-containing 6 (ABHD6) and rodent-specific carboxylesterase 1c (CES1c) 
were the only off-targets identified, albeit at doses above those required for in vivo 
pharmacological activity at MGLL. In time course experiments, MGLL activity was inversely 
correlated with ABD-1970 concentrations in the blood and brain with recovery of MGLL 
activity observed as the compound was eliminated from the body. Furthermore, ABD-1970 was 
efficacious in the rat incisional model of acute post-operative pain, the rat formalin and complete 
Freund’s adjuvant models of inflammatory pain and the rat chronic constriction injury model of 
neuropathic pain. In the formalin model, ABD-1970 produced enhanced activity in combination 
with standard of care agents, pregabalin and morphine. Integrated analysis of compound 
exposure, brain target engagement, and 2-AG levels reveal a strong relationship between PK, 
central biomarkers and efficacy in models of pain. Importantly, acute administration of ABD-
1970 lacked effects on total exploratory activity in an open field test. These results identify 
ABD-1970 as a highly potent and selective in vivo active inhibitor of MGLL and underscore the 
therapeutic potential of selective MGLL inhibitors for the treatment of acute and chronic pain. 
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Abstract: Monoacylglycerol lipase (MGLL) is a serine hydrolase enzyme that converts 
monoacylglycerols into fatty acids and glycerol. The MGLL substrate 2-arachidonoylglycerol (2-
AG) is an endogenous ligand of the cannabinoid receptors CB1 and CB2, which are the 
molecular targets of the psychoactive component of Cannabis sativa, Δ9tetrahydrocannabinol 
(THC). Inhibition or genetic inactivation of MGLL results in accumulation of 2-AG in the brain 
and periphery and CB1/2-dependent anti-nociceptive and anti-inflammatory effects. 
Additionally, MGLL inactivation in mice reduces levels of arachidonic acid (AA) and pro-
inflammatory prostanoid metabolites in a subset of tissues including the brain, liver and lung. 
MGLL inhibition may therefore provide therapeutic benefit via enhancing cannabinoid receptor 
signaling and reducing prostanoid signaling. 
To further evaluate the therapeutic potential of MGLL inhibition, we have developed ABD-1970, 
a potent and selective MGLL inhibitor. ABD-1970 is a hexafluoroisopropyl carbamate that 
covalently inhibits MGLL in vitro with IC50 values of <50 nM across species. The selectivity of 
ABD-1970 for MGLL amongst other serine hydrolases has been extensively profiled using gel- 
and mass spectrometry-based activity-based protein profiling (ABPP) technologies. 
ABD-1970 has been used to explore the effects of MGLL inhibition in human systems in vitro. 
We determined that MGLL is expressed and active in many regions of the post-mortem human 
brain. Homogenates prepared from human brain cortex readily hydrolyze 2-AG and we 
confirmed that this activity is largely mediated by MGLL by its sensitivity to ABD-1970 
treatment. 



Though MGLL inhibition has been shown to reduce prostanoid production in mice, the effects of 
MGLL inhibition on prostanoid production and signaling in human systems is not well 
understood. Cyclooxygenase (COX) inhibitors, such as non-steroidal anti-inflammatory drugs 
(NSAIDs), dramatically reduce prostanoid production in humans and carry both therapeutically 
beneficial effects as well as gastro-intestinal and cardiovascular side-effects. To compare the 
effects of MGLL and COX inhibition in human cells, ABD-1970 and the NSAID indomethacin 
were tested in three paradigms: 1) prostanoid production in stimulated human whole blood, 2) 
prostanoid production in stimulated human endothelial cells and 3) collagen-induced platelet 
aggregation. The results of these assays clearly differentiated MGLL inhibition from COX 
inhibition as ABD-1970 was without effect in all three assays whereas indomethacin produced 
robust suppression of prostanoid production and platelet aggregation. 
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Abstract: The current study investigated sex differences in cannabidiol (CBD)-
tetrahydrocannabinol (THC) interactions on antinociception and locomotor activity in rats. 



Experiment 1 tested the hypothesis that CBD enhances THC-induced antinociception on tests of 
acute pain. A single dose of CBD (0, 10 or 30 mg/kg i.p.) was administered 15 min before a 
single dose of THC (0, 1.8, 3.2, 5.6 or 10 mg/kg i.p.). Rats were tested for antinociception on 
warm water tail withdrawal and paw pressure tests at 15, 30, 60, 120, 240 and 360 min post-THC 
injection. A 10-min locomotor activity test was also completed after nociceptive testing at each 
time point. Experiment 2 tested the hypothesis that a long CBD pretreatment time would enhance 
THC’s effects more than a short pretreatment time. CBD 0 or 30 mg/kg was injected 13 hr or 15 
min before THC 0 or 1.8 mg/kg, and rats were tested at 30, 60, 120, 240, 360 and 480 min post-
THC injection, using the same behavioral tests as in Experiment 1. In both Experiment 1 & 2, 
THC caused dose- and time- dependent antinociception that was significantly greater in females 
than males. THC also caused dose- and time-dependent hypolocomotion, with no consistent sex 
differences. CBD enhanced THC-induced antinociception at later time points (240 & 360 min) 
on both nociceptive tests. In addition, CBD enhanced THC-induced hypolocomotion at 240 & 
360 min, although when given alone, CBD increased locomotion at these later time points. CBD 
modulation of THC’s effects was not sex-dependent on any measure. In Experiment 2, CBD-
THC interactions did not consistently differ between rats tested with the long vs. short CBD 
pretreatment times. The present results suggest that CBD can slightly enhance THC-induced 
antinociception and hypolocomotion long after administration in both sexes, but the drug 
interaction was more robust on locomotion than on antinociception. 
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Abstract: Recovery and healing from severe burn injuries involves intensely painful procedures 
including wound debridement, dressing changes, and strenuous physical and occupational 
therapy. Although opioids are available to treat severe pain, a multitude of side effects including 
development of tolerance and dependence, accompany routine use of opioids for severe pain. In 
order to reduce the amount of opioids necessary for burn patients, alternative analgesics with 
reduced side effect profiles deserve exploration. Curcumin, a major constituent of turmeric 
(Curcuma longa), which has been utilized medicinally for centuries, has potential as an 
analgesic. Although curcumin is well tolerated for human consumption, its use as an analgesic in 
burn wound care has not yet been studied. We have assessed the effect of curcumin treatment 
(100uM, 24 hr) on the activity of several inflammatory signaling mediators in heat shocked (20 
min, 45C or 55C) cultured HaCaT, human keratinocyte-derived cells. Curcumin treatment 
suppressed baseline phosphorylation levels of NF-kB and the heat shock induced 
phosphorylation of p38 MAPK. We also determined the effect of locally administered curcumin 
(SC injection, 100ug in 100ul vehicle, daily for 5 days) on two different types of pain behavior, 
mechanical allodynia and thermal hyperalgesia, in a full thickness thermal injury (FTTI) rat 
hindpaw pain model. Curcumin attenuated thermal hyperalgesia after the 2nd day of injections 
and attenuated mechanical allodynia after the 4th day of injections. Curcumin did not elicit any 
analgesic effects on the contralateral (non-injured) hindpaw; indicating it does not have CNS 
mediated effects on nociception. Finally, we have determined the effect of curcumin on pain 
signaling in human peripheral nerve tissue using a unique dental pulp in-vitro assay system. 
Curcumin pre-treatment (20 min., 100ug/100ul vehicle) suppressed the release of the pain 
neurotransmitter calcitonin gene-related peptide (CGRP) which is caused by treatment with 
capsaicin. These results indicate that curcumin has potential as an analgesic for burn pain 
management, and could reduce the amount of opioids administered to burn patients. 
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Title: Impact anesthesics consumpsion of pacients in protocol the kidney transplant with m-
entropy monitoring backgroud 
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Abstract: More than 500 million of persons in the word present kidney failure. In Mexico the 
kidney injury is of the principal cause of hospital attention. In Hospital of Specialty of CMO, 
IMSS is performer around of 13,000 general anesthesia in patients for year and is performer a 
proximity 160 kidney transplants of towards living donor kidney. The patients with injury kidney 
need surgery under general anesthesia frequently, and not exist a protocol that permit optimize 
the anesthesic consumption and see the impact with the M-entropy monitoring in the patients 
with kidney transplant. Impact in the anesthesics consumption of patients in protocol of kidney 
transplant with M-Entropy monitoring vs clinical variables simple monitoring. One hundred four 
patients were enrolled in this study, of protocol of patients reaccept of kidney transplant and 
towards living donor kidney with M-entropy monitoring and clinical variables simple 
monitoring; 22 patients donors with entropy monitoring (DE) group, 27 patients donors with 
clinical variables simple monitoring (DH) group, 23 patients reaccepts of kidney transplant with 
entropy monitoring (RE) group and 31 patients reaccept of kidney transplant with clinical 
variables simple monitoring (RH) group. In the premedication of the anesthesia, the fentanil 
consumption was significantly less in the DE group vs with the DH group and this was less in the 
group RE vs with RH group. Midazolam consumption was similar in allgroups. During the 
induction of the anesthesia the fentanil consumption was significantly less in the RE group vs 
RH group and in the maintenance of the anesthesia the fentanil consumption was significantly 
less in the RE group vs RH group and the fentanil consumption was less DE group vs DH group . 
In the induction of the anesthesia the propofol consumption was less in the DE group vs DH 
group. In the maintenance of the anesthesia, the desfluarano consumption was less in the DE and 
RE groups. The use with M-Entropy monitoring impact in anesthesics consumption in the groups 
of patients with kidney injury with entropy monitoring vs with clinical variables simple 
monitoring, decreased thecost, anesthesia awareness and in the quality of the attention of patients 
in protocol of kidney transplant. 
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Title: Positive allosteric modulation of cannabinoid CB1 receptor signaling suppresses 
chemotherapy-induced peripheral neuropathy 

Authors: *R. SLIVICKI1, P. KULKARNI2, K. MACKIE1, G. THAKUR2, A. HOHMANN1;  
1Indiana Univ., Bloomington, IN; 2Bouvé Col. of Hlth. Sci., Northeastern Univ., Boston, MA 

Abstract: Activation of cannabinoid CB1 receptors either directly (via agonistic action) or 
indirectly (elevation of endocannabinoid tone through inhibitors of endocannabinoid 
deactivation) suppresses pathological pain. However, unwanted central ‘side’ effects (e.g. 
psychoactivity, tolerance) constrain therapeutic dosing. We hypothesized that positive allosteric 
modulation of CB1 receptor signaling would suppress neuropathic pain produced by 
chemotherapy treatment while bypassing cardinal signs associated with direct CB1 receptor 
activation. In addition, we sought to examine the potential for synergistic interactions between 
positive allosteric modulation of CB1 and inhibitors of endocannabinoid deactivation. We, 
therefore, compared the therapeutic efficacy of GAT211, a positive allosteric modulator of CB1 
receptor signaling, with URB597, an inhibitor of fatty-acid amide hydrolase (FAAH), and 
JZL184, an inhibitor of monoacylglycerol lipase (MGL) using a mouse model of chemotherapy-
induced peripheral neuropathy. Within-subjects dose-response curves were constructed for 
GAT211, URB597, and JZL184; ED50 values were generated and used in fixed combinations to 
determine if the combination treatments produced antinociceptive effects that were additive or 
synergistic. GAT211 produced a CB1-dependent suppression of mechanical and cold allodynia 
induced by the taxane chemotherapeutic agent paclitaxel. Isobolographic analysis revealed 
synergistic interaction of GAT211 with inhibitors of either FAAH or MGL. Moreover, GAT211 
did not produce cardinal signs of cannabinoid receptor activation (hypothermia, motor ataxia, 
catalepsy, tail flick antinociception) in wildtype mice but produced signs of catalepsy in 
transgenic mice lacking either FAAH or MGL. Therapeutic efficacy of GAT211 was preserved 



over a dosing period of 19 days with no appreciable signs of tolerance developing to its 
antinociceptive efficacy. By contrast, JZL184 initially displayed therapeutic efficacy but 
tolerance developed with repeated dosing. Thus, positive allosteric modulation of CB1 represents 
a promising strategy for harnessing the therapeutic potential of the endocannabinoid signaling 
system to suppress neuropathic pain without producing tolerance to therapeutic efficacy or 
detrimental CNS side-effects observed with orthosteric CB1 agonists. Moreover, our studies also 
suggest that CB1 positive allosteric modulators may show greater therapeutic potential compared 
to sustained inhibition of MGL, as manifested by absence of both tolerance and cardinal signs of 
CB1 intoxication. 
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Title: Bisphenol A inhibits nerve conduction in the frog sciatic nerve with an efficacy 
comparable to those of local anesthetics 
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Abstract: Bisphenol A (BPA) is a monomer component in chemical products such as 
polycarbonate plastics and thus the products including BPA are widely used in various materials 
including food packaging. Owing to a lipophilic property of BPA, BPA is easily absorbed into 
the human body through food and drink in contact with materials containing BPA. Since BPA 
has an estrogenic action albeit this activity is comparatively weak, BPA interferes with normal 
endocrine function as an endocrine-disrupting chemical and therefore exerts a toxicological 
action on animals. BPA affects not only the endocrine system but also various physiological 
functions including nerve activity. Although BPA is reported to inhibit nerve conduction, this 
action has not yet been examined fully. In order to know a detail of the inhibition, we examined 
the effect of BPA on compound action potentials (CAPs) recorded from the frog sciatic nerve by 
using the air-gap method. Since BPA has been reported to bind to a local anesthetic (LA) 
receptor site on human cardiac Na+ channels, the BPA result was compared with those of LAs. 
Treatment of the sciatic nerve with BPA (0.5 mM) for 20 min resulted in a decrease in CAP peak 



amplitude to about 40 % of control. The CAP amplitude did not recover to control for up to 1 
hour, when this amplitude was about 65 % of control, in nerves returned to drug-free solution. 
The CAP peak amplitude reduction produced by BPA was concentration-dependent with a half-
maximal inhibitory concentration (IC50) value of 0.31 mM. The BPA activity was resistant to an 
estrogen-receptor antagonist 4-hydroxytamoxifen. 4-Hydroxytamoxifen itself reduced CAP peak 
amplitude with the IC50 value of 0.26 mM, a value comparable to that of BPA. A natural 
estrogen 17β-estradiol at a maximally dissolvable concentration (0.05 mM) had an action similar 
to that of BPA. LAs (prilocaine and pramoxine) inhibited CAPs in a concentration-dependent 
manner. When compared with these and available LA data in the frog sciatic nerve, the efficacy 
of BPA in inhibiting CAPs was similar to those of pramoxine, ropivacaine and levobupivacaine 
(0.21, 0.34 and 0.23 mM, respectively), while being larger than those of prilocaine, procaine, 
lidocaine and cocaine (IC50 = 1.8, 2.3, 0.74 and 0.80 mM, respectively) and smaller than that of 
tetracaine (0.014 mM). In conclusion, BPA has an ability to inhibit nerve conduction in a manner 
independent of estrogen receptors with an efficacy comparable to those of some LAs. Such a 
conduction inhibition could contribute to at least a part of the effect of BPA on the nervous 
system. 
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Title: Antinociceptive effects of light therapy on acute and chronic pain models 
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Abstract: Managing chronic pain is challenging. Opioids are commonly prescribed for chronic 
pain despite weak evidence for long-term efficacy. The Centers for Disease Control and 
Prevention recommend non-opioid therapy for chronic pain. While some evidence points to light 
therapy being beneficial in certain medical conditions, this approach remains to be explored for 
acute and chronic pain. Here, we investigated the possible antinociceptive effects of several light 
emitting diodes (LED), in the visible spectrum, on naïve and neuropathic pain rats. Green LED 
(wavelength 525 nanometers) exposure for eight hours for five days increased withdrawal 
latency to a noxious thermal stimulus, which persisted for four days following termination of last 
exposure. The antinociception was mediated via actions on central mu-opioid receptor pathways 
unrelated to stress. No apparent side-effects were noted and motor performance was not 
impaired. Blocking pain-modulatory pathways by inactivation of the rostral ventromedial 
medulla prevented expression of light-induced antinociception. Antinociception was prevented 
by opaque contacts despite LED exposure or by green contacts exposed to room light, but not in 
rats with pigmentation arguing for a role of the visual system. Pharmacological and proteomic 
profiling of dorsal root ganglion (DRG) neurons from green-LED exposed rats identified 
changes in calcium channel activity, including a decrease in the N-type (CaV2.2) channel, a 
primary analgesic target. Tetrodotoxin-sensitive and -insensitive sodium currents in DRGs were 
unchanged by green-light exposure. Finally, green-LED exposure reversed thermal and 
mechanical hyperalgesia in rats with spinal nerve ligation or injection of envelope glycoprotein 
120 of HIV-1. Thus, green-LED therapy represents a novel, non-pharmacological approach for 
managing chronic pain. 

Disclosures:  M.M. Ibrahim: None. K.B. Gilbraith: None. A. Moutal: None. X. Yang: 
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Abstract: N-(2,6-dichlorophenyl)-2-(4-methyl-1-piperidinyl)acetamide (LIA), a lidocaine 
analogue, has potential applications in treating neuropathic pain. The aim of this work was to 
characterize the pharmacological activity of LIA related with central nervous system activity. 
Anesthetic effect was tested in guinea pigs and mice. Ambulatory activity, anti-anxiety effect, 
sodium pentobarbital (PB)-induced hypnosis and pentylenetetrazol (PTZ)-induced seizures test 
were evaluated in mice to determine the possible central nervous system activity. LIA (2%) 
presents, similar to lidocaine (2%), anesthetic activity on the corneal reflex, infiltration 
anesthesia and tail immersion test. LIA (1-100 mg/Kg, i.p.), similar to lidocaine (1-100 mg/Kg, 
i.p.), presents a dose-dependent sedative-hypnotic effect in mice. Both compounds did not 
produce anti-anxiety activity in mice. LIA did not prevent PTZ-induced seizures. However, LIA 
itself did not produce seizures at high doses in mice, as lidocaine does. High doses of lidocaine 
produce seizures and vasoconstriction. In this study, we found that LIA shares a similar 
pharmacological profile as lidocaine´s but without the primary adverse effects of seizures. 
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Title: Compound action potential inhibition by various antidepressants in the frog sciatic nerve 
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Abstract: An inhibition of action potentials conducting on nerve fibers possibly contributes to at 
least a part of antinociception produced by analgesics and their adjuvants. We have previously 
reported the inhibitory effects of a variety of drugs involved in antinociception on fast-
conducting and voltage-gated Na+-channel blocker tetrodotoxin-sensitive compound action 
potential (CAP) recorded from the frog sciatic nerve. Among the drugs, there are opioids, local 
anesthetics, α2-adrenoceptor agonists and anticonvulsants. The aim of the present study was to 
examine the effects of various antidepressants on frog CAP and then to compare their results 
obtained with those of analgesics and their adjuvants. The experiments were performed by 
applying the air-gap method to the sciatic nerve isolated from frogs. Duloxetine, fluoxetine 
[serotonin and norepinephrine reuptake inhibitor (SNRI) and selective serotonin reuptake 
inhibitor (SSRI), respectively], amitriptyline and desipramine (tricyclic antidepressants; tertiary 



and secondary amines, respectively) reduced the peak amplitude of the CAP with the half-
maximal inhibitory concentration (IC50) values of 0.39, 1.5, 0.16 and 1.4 mM, respectively. The 
duloxetine value was similar to those of anticonvulsants (lamotrigine and carbamazepine), a 
local anesthetic ropivacaine and an α2-adrenoceptor agonist dexmedetomidine (0.44, 0.50, 0.34 
and 0.40 mM, respectively) while the amitriptyline value was close to those of local anesthetics 
levobupivacaine and pramoxine (0.23 and 0.21 mM, respectively). The fluoxetine and 
desipramine values were similar to those of local anesthetics (lidocaine, cocaine and prilocaine: 
0.74, 0.80 and 1.8 mM, respectively). They were larger than that of a local anesthetic tetracaine 
(0.013 mM) while being smaller than those of opioids. We have previously reported that a µ-
opioid receptor agonist tramadol and ethylmorphine have the IC50 values of 2.3 and 4.6 mM, 
respectively; morphine and codeine (5 mM each) reduce CAP peak amplitude by only 15 and 30 
%, respectively. In conclusion, the four antidepressants inhibited CAPs with efficacies 
comparable to those of some anticonvulsants and local anesthetics and also of α2-adrenoceptor 
agonist, and with more effectiveness than those of opioids. It is suggested that these 
antidepressants have an ability comparable to those of some anticonvulsants, local anesthetics 
and α2-adrenoceptor agonist in inhibiting nerve conduction. 
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Title: Latex extract of Euphorbia bicolor displays nociceptive and antinociceptive properties in 
cultured sensory neurons and evokes pain behaviors in rats 
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Biol., Texas Woman's Univ., Denton, TX 

Abstract: Opioid-based narcotics are a major component of pain management, but are 
problematic due to negative side effects mediated by the central nervous system. Pain 
management can be optimized through discovery of potent non-opioid therapeutics, as well as 



targeting the peripheral nervous system. A subpopulation of sensory neurons expresses the 
transient receptor potential V1 ion channel (TRPV1), gated by capsaicin and noxious heat. 
TRPV1 activation induces release of proinflammatory peptides, including calcitonin gene-related 
peptide (CGRP), contributing to peripheral sensitization and hyperalgesia. Potent agonists 
targeting TRPV1, such as capsaicin and resiniferatoxin, produce peripheral analgesia via TRPV1 
desensitization and temporary ablation of nociceptors. Resiniferatoxin is extracted from the latex 
of Euphorbia resinifera. In the same family but native to the Southern United States, Euphorbia 
bicolor shares similar phytochemicals including the irritant Euphorbium and thus may share 
nociceptive and analgesic properties. We hypothesized that E. bicolor latex would induce a 
transient increase in CGRP release from sensory neurons, attenuate capsaicin-evoked CGRP 
release, and evoke nociception. Rats were decapitated and trigeminal ganglia removed, 
dissociated, and cultured for 5 days. Cells were washed and treated with buffer for 15 minutes. 
Fractions were collected as basal release and the cells were then treated with E. bicolor latex (0, 
12.5, 25, 50, 100, 300 µg/mL) for 15 minutes followed by stimulation with capsaicin (50 nM). 
CGRP was quantified by ELISA. Another set of rats received an intraplantar injection of E. 
bicolor latex (0, 25, 50, 100, 300, 500 µg/ml) and thermal hyperalgesia and mechanical allodynia 
were examined at 20, 40, 60 min, 2, and 4 hr post-injection. Here we report that in vitro E. 
bicolor latex induced a twofold increase in CGRP release from sensory neurons similar to 
capsaicin stimulation. Furthermore, capsaicin-stimulated release was significantly reduced 
following 50 and 100 µg/mL of latex treatment. In vivo, E. bicolor latex evoked significant 
thermal hyperalgesia and/or mechanical allodynia within 20 min at the 50-500 µg/ml 
concentrations. There was no significant difference in thermal or mechanical sensitivity in males 
compared to females. Our data indicate that E. bicolor latex is an irritant that displays 
nociceptive properties in vivo, and displays nociceptive and antinociceptive properties in vitro. 
Current studies are ongoing to analyze latex content by HPLC and to determine whether E. 
bicolor displays analgesic properties potentially via the TRPV1 channel, similar to its relative E. 
resinifera. 
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Title: Creating a localized and dynamic somatotopic map of area 3b using cutaneous vibratory 
stimulation. 

Authors: *J. C. TANNER, T. HEARN, S. HELMS TILLERY;  
SBHSE, Arizona State Univ., Tempe, AZ 

Abstract: Somatosensory area 3b receives input encoding tactile sensations possessing small 
receptive fields. Area 3b is vital in fine motor feedback tasks and localizing discrete sensation. 
However, a majority of area 3b exists in the postcentral gyrus' anterior bank. Intrasulcal 
implantation poses hazards to vasculature and cortical health. To avoid damage, we used 
penetrating arrays with electrodes on multiple shanks, staggered between shanks, to record 
parallel and orthogonal to the bank's surface. Using such arrays, we aim to create a somatotopic 
face map, assess cutaneous response to frequency modulated stimulation, and gauge electrode 
viability. Analysis and results should translate to other cutaneous maps and activities, such as the 
grasping or digital manipulation. 
Two 16-channel Modular Bionics N-Form electrode arrays ( 2x2 shank structure with four 
electrodes per shank at custom depths) were implanted in the facial representation of 
somatosensory cortex in two Maccaca mullata. Electrode connections were housed in a laser 
sintered chamber designed to lie flush with the non-human primates’ (NHPs’) cranium. 
Frequency modulated vibratory stimulation was delivered to eight locations on the NHPs’ face 
contralateral to the implant. Neural recordings were performed using a Ripple Grapevine Neural 
Interface System and custom MATLAB software. Vibratory stimulation was achieved using a 
custom device controlled by MATLAB software. Stimulation force was consistently between 2 
and 10 mN, delivered at 10 Hz to 130 Hz on 20 Hz intervals. 
Electrodes were implanted without difficulty into somatosensory cortex, providing stable signals 
for LFP recording immediately. Multiple analyses were performed in attempts to define localized 
responses. Isolating the frequency with the strongest Fourier response, Peak Response Frequency 
(PRF), indicated that stimulation frequency is broadly represented across stimulation locations 
and electrodes. Percent Voltage Response (PVR) shows localization of four locations and 
stimulation frequency-dependent response intensity. Finally, investigating Phase Lag Index (PLI) 
indicated interchannel desynchronization during increased voltage responses. 
Analyses provided complementary insights into the cortical response to cutaneous vibrations on 
the face. PRF offered stimulation frequency identification, but at the cost of both electrode and 
stimulation site localization. PVR offered some intensity mapping but provided localization for 
channels and locations. PLI suggests insight into (de)synchronization that can use PRF’s broad 
activity and PVR’s localization to create a more comprehensive map. 
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Title: Complex feature coding in the somatosensory cortex through stimulus specific supra-
linear integration 

Authors: *S. PLUTA1, H. ADESNIK2;  
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Abstract: Rodents explore their environment by actively palpating objects with a large array of 
facial vibrissa. However, due to technical limitations, how somatosensory cortical neurons 
encode complex multi-whisker interactions during active sensation is poorly understood.  To 
address this question, we developed a novel multi-pneumatic actuator capable of testing arbitrary 
patterns of single and multi-whisker touch in awake, whisking mice.  Contrary to research using 
anesthetized animals, we found that the majority of layer 5 pyramidal neurons display supra-
linear multi-whisker integration during active sensation.  Surprisingly, supra-linear integration 
primarily resulted from multi-whisker disinhibition rather than super-additive summation; when 
stimulated alone, adjacent whiskers typically drove suppression, but when stimulated in specific 
combinations with other nearby whiskers, adjacent whiskers were highly facilitating. In the 
minority of pyramidal neurons that lacked adjacent whisker suppression, linear or sublinear 
integration was observed. Therefore, higher order tactile features may be extracted during touch 
through a stimulus specific disinhibitory circuit. We are currently optogenetically deactivating 
descending cortical projection neurons to elucidate their role in surround suppression and 
nonlinear integration. 
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Abstract: Somatosensory feedback is necessary to achieve highly functional peripheral 
neuroprosthetics. The development of neural interfaces that are capable of peripheral nerve 
stimulation to provide the missing sensory information is a topic of current research. The 
challenge facing all interface technologies is to provide stimulation patterns that will induce 
realistic sensory percepts with high spatial sensitivity. The Implantable Multimodal Peripheral 
REcording and Stimulation System (IMPRESS) is a novel interface designed for highly specific 
intrafascicular recording and stimulation due to its high channel count and electrode density. 
This work provides fundamental information for development of an encoding strategy to be used 
in the IMPRESS interface. 
A combination of rate and population encoding is anticipated to be used in our biomimetic 
approach. The design constraints that need to be understood are then 1) the spatial extent of axon 
recruitment for a given stimulus and 2) the endogenous firing patterns corresponding to different 
mechanoreceptors that encode tactile pressure intensity. Our experimental procedure consists of 
tactile stimulation of the glabrous skin of the rat hind paw and subsequent recording via 
microelectrodes placed in the main fascicle of the sural nerve and the L5 dorsal root ganglion 
(DRG). The efficacy of encoding stimulation patterns are tested by providing stimulation 
through the intrafascicular sural nerve electrodes and recording from the DRG-implanted 
electrodes. A computational model for prediction of recruitment of individual fibers is validated 
and tuned by the results of this experimental work. 
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Title: Subnucleus muralis: first relay for sensory input from the glabrous orofacial skin 
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Abstract: Quadrupeds frequently investigate objects of interest and congeners with their narial 
pads. Yet, few studies have examined the sensory physiology of these ethologically important 
organs. Here, we show that injection of cholera toxin beta subunit into the narial pad leads to 
terminal labeling in the transition zone between the interpolaris and caudalis subnuclei of the 
trigeminal sensory complex, i.e. subnucleus muralis. We also provide physiological evidence 
that muralis cells respond to mechanical stimulation of the narial pad or the nasal and buccal 
mucosae. Some muralis cells are also activated by inhalation of ammonia vapor. Response 
latencies indicate that these sensory inputs are conveyed by Aδ and C-fibers. Yet, none of the 
muralis cells responded to vibrissa deflection. Sindbis-GFP injection into subnucleus muralis 
leads to anterograde labeling in the facial nucleus and the superior salivatory nucleus. Projection 
to the facial nucleus was also confirmed by transsynaptic labeling after pseudorabies injection 
into the superior lip. Together with prior studies that demonstrated that subnucleus muralis 
receives input from the cornea, our results suggest that this trigeminal subnucleus might process 
sensory inputs from the glabrous skin of the face : the narial pads, the lips and external 
epithelium of the eyes. 
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duration in humans. 
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Abstract: In vision and audition, the perceived intensity of a short stimulus is dependent on its 
duration. The same phenomenon was recently reported for the sense of touch in a psychophysical 
study (1). Bursts of mechanical pink noise was chosen to mimic the broadband vibration 
characteristics of textures and surfaces encountered in daily life. Similar to the other senses, it 
was found that shorter bursts were consistently perceived as weaker than bursts of the same 
intensity but longer duration. Hence, there is perceptual duration-intensity constancy for tactile 
stimuli of short duration. The aim of the present study was to explore to what extent this reflects 
coding of intensity in peripheral tactile receptors. We used the microneurographic technique to 
record the responses of single, identified tactile receptor units in the median nerve in healthy 
volunteers. We constructed a stimulator probe with a speaker coil motor mounted on a one-axis 
actuator with acceleration and force sensors. The motor was driven by pink noise bursts with 
varying intensity and duration (100 - 700 ms; 2-40 m/s2). Interstimulus intervals were 300 - 800 
ms. The aim was to produce controlled skin vibrations rather than a sliding stimulus; hence, the 
rounded tip (4 mm diam.) of the probe was covered with fine grit sandpaper (P600) to achieve 
high friction. Single afferent units were classified as SA1, SA2, FA1 or FA2, and the receptive 
field of each unit was mapped using von Frey hairs. The probe was positioned to contact the 
receptive field of the single unit using normal (90 degrees angle to the skin) and tangential probe 
orientations, and the normal contact force was kept at 40 mN under closed-loop actuator control. 
The tangential probe orientation consistently elicited weaker responses compared to a normal 
orientation. Increasing the duration and/or amplitude of the stimulus predictably resulted in 
increased receptor responses in all classes of afferents, allowing for estimation of the 
interdependence of amplitude and duration in the population of activated afferents. However, 



coding of stimulus intensity can in theory rely on several factors, or their combination: i) 
Recruitment and single nerve discharges in tactile receptors that are stimulated near their 
mechanical thresholds; ii) increased number of elicited nerve discharges in the recruited 
receptors; iii) increased average or peak firing rates. Hence, there is a putative role for afferents 
that are activated both at near- and supra-threshold intensity in the coding of intensity in the 
tactile system. 
1. Bochereau S, Terekhov A & Hayward V. Lecture Notes in Computer Science, 2014, 8618, 93-
100 
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Abstract: Cutaneous mechanosensory neurons can be classified by physiological characteristics, 
including threshold (low and high), conduction velocity (Aβ, Aδ, and C), and adaptation (rapidly 
adapting: RA and slowly adapting: SA). Recent studies have begun to establish the relationship 
between physiological characteristics and receptive field structures in mouse hairy skin. For 
example, neurons innervating guard hairs (GH) are reported to be Aβ RA low-threshold 
mechanoreceptors (LTMRs), whereas neurons innervating touch domes (TD) are thought to be 
Aβ SAI LTMRs. Using an ex vivo skin-nerve preparation, we surveyed the relationship between 
Aβ and Aδ afferents and receptive fields. Surprisingly, more than half of the GH-associated 
afferents produced SA responses. Most TD neurons were Aβ SAs; however, we observed Aβ SA 
afferents that did not respond to TD stimulation. About 70% of afferents did not contact GHs or 
TDs. This group included D-hair afferents, which were very sensitive LTMR neurons (median 
von Frey threshold: 0.2 mN) that responded to movement of zigzag hairs. Most showed low Aβ 
and Aδ conduction velocities and RA responses. About half of this sub-group showed SA 



responses to strong stimulation. Other SA afferents were classified into two groups; high-
threshold afferents, akin to A mechanonociceptors (AM), and field LTMRs. Both types 
responded to skin indentation rather than zigzag hair movement. The former had relatively high 
thresholds, and conduction velocity ranged low Aβ and Aδ. Field LTMRs displayed low 
thresholds and conduction velocities in the Aβ and fast Aδ. Finally, we observed a group of high-
threshold RA afferents that did not respond to zigzag hair stimulation or punctate stimuli, but 
instead to wide-field compressive stimuli. These data show that at least three types of RA 
neurons (GH-RA, zigzag-RA/D-hair, and wide-high-threshold-RA) and six types of SA neurons 
(TD-SA, TD-GH-SA, GH-SA, zigzag-SA/D-Hair, field-LTMRs, and high threshold skin-
indentation-SA which is conventionally named AM). This classification scheme can account for 
about 90% of Aβ and Aδ LTMRs in the hairy skin of the proximal hind-leg in C57BL/6J mice. 
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Abstract: There are various receptor types or free nerve endings underneath skin. Human tactile 
sensation is basically a combination of these receptors, and each receptors have own 
characteristics for mechanical, vibrational stimulation on skin surface. Recently, focused 
ultrasound have been reported as a new tool for evoking tactile sensation in skin. The Russian 
researcher, L. R. Gavlirov, first reported the effect of focused ultrasound stimulation on human 
hand, and found that focused ultrasound stimulation evoked various skin sensations, but its 
underlying mechanism was unknown. Another study performed by researchers in University of 
Bristol found that modulating the pulse frequency of focused ultrasound stimulation induces 
receptor specific tactile sensations in human hand, but the underlying mechanism of focused 
ultrasound stimulation in skin tissue remains unknown yet. The main reason of unknown 
mechanism is lack of reliability in experiment result since these studies have to explain focused 



ultrasound stimulation induced tactile sensations based on subjective explanation of human 
subjects. The tactile sensations induced by focused ultrasound stimulation are not a kind of 
1common feelings in everyday life, most of subject have difficulty with explaining the tactile 
sensations induced by focused ultrasound stimulation in their hands. In this study, therefore, we 
aim to find optimized ultrasound parameters for stimulating mechanoreceptors in skin, based on 
subject’s experience and neural response from animal. Recent result shows that the amount of 
radiation force which includes pressure level, impedance difference, and attenuation ratio could 
be the prime parameters of focused ultrasound stimulation, but further experiment would be 
required. Configuring the database from the experiment result of human subject’s report and 
spiking patterns of animal subjects associated with stimulation parameters (frequency, duration, 
and so on), could be the basic principles and resources for the development of tactile display in 
the future. 
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Abstract: Touch location discrimination on leech body wall is as precise as the human fingertip, 
while the nervous system of leech is rather small. Each leech mid-body ganglion contains 400 
individually characterized neurons and is able to control local reflexes entirely from sensory 
inputs, via interneuron computation, resulting in motor neuron activity and corresponding 
behavior. In the local bend reflex the leech locally bends away the body wall from the location of 
a light tactile stimulus. While the encoding of touch stimuli was studied in terms of spiking 
attributes of sensory cells [1], the principles of sensory information processing on the level of 
interneurons remains to be investigated. 
Here we used voltage sensitive dye (VSD) imaging to reveal the network of neurons involved in 
local bend reflex. A series of signal processing steps, e.g. movement artifact removal and moving 



average, were applied to the raw VSD signal to overcome the noise and artifacts. A simultaneous 
intracellular recording of one cell was used to relate the VSD signal to the real membrane 
potential and to test the effect of this cell’. We performed these recordings in a semi-intact skin 
preparation with the ganglion attached to a patch of skin, which was stimulated with a 
mechanical poker to elicit the local bend response [1]. 
VSD signals of up to 100 simultaneously recorded neurons located on the ventral surface of the 
ganglion were analyzed with a statistical classification approach. More than half of the visible 
cells were classified as stimulus-activated, showing significantly different activity between with 
and without skin stimulation. In addition to the mechanosensory cells, in particular the so-called 
AP cell was found as one of the stimulus-activated cells consistently between preparations. 
Double intracellular recordings and anatomical studies revealed that the AP cell receives inputs 
from all mechanosensory pressure (P) cells with stronger contralateral connections. 
The next analysis step aims at identifying network topology and causal relations between 
different cell types. Since leech interneuron spikes measured in the soma are small (usually < 5 
mV), the computation of sensory information is probably based on the considerable graded 
membrane potential changes occurring during tactile stimulation. We compare the performances 
of different time series analysis techniques (Granger causality, convergent cross mapping, 
information theoretic approaches) applied to these small and noisy signals for revealing network 
structures matching physiological knowledge and identifying stimulus-dependent network states. 
[1] Pirschel F, Kretzberg J, J Neurosci 2016, 36(13):3636–3647 
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Title: Afferent responses to tactile stimulation by natural textures during active touch in humans 
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Abstract: Significant advances have been made in the last 20 years to provide amputee 
individuals with limb prostheses enabling the execution of movements. In the close future, one 
can expect that prostheses will also supply relevant tactile feedback back to the nerves for the 
restoration of natural touch sensations after limb amputation. However, it is still unclear how 
afferent information is conveyed from the skin to the brain during natural active touch to elicit 
specific tactile percepts in healthy individuals. In the present study, we used microneurography 
to record from Aβ-mechanoreceptive afferents in awake human subjects. We studied afferent 
responses when the skin was stimulated by subjects actively stroking across natural textures. 
During active touch, specific skin dynamics are reflected as global variations in the lateral force. 
During a lateral stroke, there is an initial increase in lateral force, a phase of stable sliding and a 
final decrease in lateral force. This specific force pattern could elicit a specific firing pattern in 
the different mechanoreceptor classes. In humans, the skin also stretches during active touch, and 
this could provide a relevant code to characterize the level of friction exerted by textures. In the 
present study, afferent responses were recorded from the left median nerve (7 FA1, 4 FA2, 4 
SA1, 7 SA2) while participants were asked to produce lateral stroking movements of the index or 
middle finger over a range of natural textures, using comfortable force and preferred slow or fast 
speeds. Finger position, acceleration, EMG, and the forces applied on the textures were also 
recorded. For all units, at least one texture was tested in most of the conditions. Our results 
confirmed that the different classes of afferent unit have specific signature that relate to the 
global changes in lateral force occurring during active touch. SA2 units responded more at 
movement initiation and termination, SA1 at sliding initiation, FA2 and FA1 during sliding. In 
addition, for 1 FA1, 1 FA2 and 1 SA2 a larger number of textures was tested (n= 15 to 18). For 
these units, we computed the correlations between the mean firing rate and the friction 
coefficient. Correlations were significant in all units but were positive for the SA2 and negative 
in the FA units. We conclude that the mechanoreceptor classes respond differentially to the 
dynamic motor events occurring during to active touch and that the level of skin stretch coded by 
SA2 units is relevant to produce tactile coding of natural textures in humans. We hope human 
microneurography data will inspire research on sensory feedback to restore natural sensations in 
limb injured individuals with nerve-wired bionic limbs. 
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Title: Top-down driven functional heterogeneity among inhibitory neurons improves tactile 
representation and detection 
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Abstract: Neurons in sensory cortices show functional dynamics in evoked rates and patterns. 
These dynamics may shape perceptual behaviors by improving the detectability or 
discriminability of ambiguous stimuli. Feedforward and feedback interactions among cortical 
areas drive these dynamics, but we do not have a complete cellular/circuit level understanding of 
how. Recent work provides correlative and causal links between receptive field properties and 
the activity of feedback projections in the performance of sensory detection tasks. But, if and 
how these two phenomena are linked are not known. 
To address this, we trained mice to perform a vibrissa-motion detection task. Mice become more 
sensitive to weak stimuli after many days of training. We imaged populations of GCaMP6f 
expressing pyramidal neurons and parvalbumin-positive (PV+) interneurons in layers 2/3 and 5a 
of vibrissa somatosensory cortex (vS1; barrel cortex). Putative ensembles of pyramidal and PV+ 
neurons showed evoked rate and correlation changes that predicted successful detection. While 
these neuron's responses were specifically correlated with task performance, the majority of 
these neurons were generally responsive to the same vibrissa deflections before training. In 
contrast, when we imaged the activity of S2->S1 projections or local somatostatin-containing 
(SST+) interneurons, we found weak trial-to-trial correlations or rate changes evoked by weak 
deflections before training. Significant correlations and reliable and predictive evoked rate 
changes emerged among many (~40%) SST+ neurons. The activity of S2->S1 projections 
showed similar task-related changes. Imaging identified SST+ alongside pyramidal neurons 
showed that ‘task-recruited’ SST+ neurons were positively correlated with predictive pyramidal 
neurons, but only on perceived trials. Simple, but plausible, network models were made from 
conductance-based integrate and fire neurons in order to make a circuit level hypotheses 
informed by our imaging data. A simple model in which top-down input creates transient 
‘imbalances’ in classical feedforward sensory-driven excitatory and inhibitory coupling 
explained our data well. Our results suggest that the sparse nature of the cortico-cortical layers of 
vS1 and general cortical interneuronal diversity can be exploited by top-down inputs to create or 
reinforce conjoint representations between incoming thalamic sensory relay and ongoing cortico-
cortical activity. We are currently employing discrimination tasks in order to help determine if 
the described dynamics are a general mechanism for emphasizing specific, but distinct, sensory 
features. 

Disclosures:  C.A. Deister: None. M. Gomez-Ramirez: None. J. Voigts: None. C.I. Moore: 
None. 



Poster 

618. Receptive Field and Response Properties of Tactile Sensation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 618.11/PP10 

Topic: D.03. Somatosensation: Touch  

Support: NIDCD Grant DC-00046 

Title: Hidden sources of variability modulate populations of sensory neurons 

Authors: *M. WHITEWAY1, D. A. BUTTS2;  
1Applied Mathematics, 2Biol., Univ. of Maryland, College Park, MD 

Abstract: Sensory cortex not only represents information from sensory receptors, but also 
incorporates other sources of input from recurrent and top-down connections. Unlike sensory 
stimuli, these other sources of input are difficult or impossible to control experimentally, and as a 
result contribute to neuronal variability in most experimental contexts. However, such sources of 
variability are likely to play an integral role in sensory cortex function. We introduce a new 
computational model, based on a type of neural network called an autoencoder, to identify these 
sources of variability. We first show that the autoencoder performs better than other common 
“latent variable” models including principal component analysis, independent component 
analysis, and factor analysis, across a variety of measures using simulated data. We then apply 
this model to a publicly available dataset (Peron et al. Neuron 2015), where large populations of 
neurons in mouse barrel cortex are recorded during a decision-making task using two-photon 
imaging. Across many experiments this method robustly identifies a small number of variables 
contributing to the cortical population activity. Some of these variables are correlated with the 
stimulus, while others are correlated with non-stimulus trial variables. These results suggest the 
activity of a large proportion of neurons in primary sensory cortex is modulated by hidden 
sources of variability that are not directly related to the stimulus. Identifying such sources of 
variability thus sets the foundation for understanding the role of such variables in sensory 
cortical function. 
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Abstract: This study explores the tactile acuity of the neck using a two-point orientation 
discrimination (2POD) task with 16 human participants (10 female, M= 19.53, SD= 1.16). A 
modified drafting compass was used to deliver pressure stimuli in two orientations (vertical and 
horizontal), and participants were asked to discriminate the orientation of the two compass points 
at eight locations on the neck. Using a two-up, one-down staircase method, thresholds were 
found for each site. A one-way repeated measures ANOVA shows a significant effect of the 
factor location [F(7, 70) = 4, p= 0.01] . Post-hoc analysis shows that the very front of the neck is 
slightly more sensitive than other locations. Additionally, all the other tested sites presented 
uniform spatial tactile acuity with an average threshold of 13.75 mm. The uniform spatial 
resolution of the neck can be advantageous for perceiving directional information used for 
potential clinical applications such as sensory substitution or brain-computer interfaces. 
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Abstract: Integration of neuronal responses across multiple whiskers is crucial for an effective 
facial vibrissae somatosensation. In memory processing, the main origin of the cholinergic 
projection to the neocortex appears to be the magnocellular neurons in the region of the nucleus 
basalis of Meynert (NbM). Here, in order to identify the prominent mechanisms underlying the 
modulation of the somatosensory information processing in cases with Alzheimer’s disease (AD) 
as a cognitive degenerative disorder, the effects of chemical lesions to the nbM on the temporal 
characteristics of response integration evoked by multiple whisker stimulations were investigated 
in the barrel cortex of male Wistar rats. Animals were randomly distributed into three groups; 
control group, sham operated and rats that received bilateral excitotoxic lesion (by ibotenic acid 
in Alzheimer’s group). In order to assess behavioral and cognitive functions via the 
determination of characteristics of excitatory and inhibitory receptive fields (RFs), passive 
avoidance learning (PAL) task was done and extracellular single-unit recordings from layer V 
barrel cortex neurons of anesthetized rats were performed following the single or paired, rostral 
and caudal deflection of two neighboring principle and adjacent whiskers (PW, AW) in the same 
row at varying interstimulus intervals (ISIs). Results show that nbM lesion significantly 
decreased response magnitude but did not affect response latencies. Response onset latency to 
both PW, AW in ibotenic acid (IBO)-injected animals were not significant compared with the 
control group; but unlike the AW, the magnitude of ON response to PW deflection in IBO-
injected animal was significantly lower (nearly 20%) than control group. Unit’s discharges to 
subsequent deflection of AW were reduced. The magnitude of responses were significantly 
reduced at each inter-deflection interval in nbM lesioned group. The excitatory RFs of units were 
extended in nbM lesioned animals and nbM lesion increased surround inhibition. Results from 
the PAL task reveal that step-through latency was decreased in rats with AD which gives an 
indication of memory loss. It has been suggested that interactions of nearby whiskers and the 
resulting facilitation and inhibition in the barrel cortical neurons have an important role in 
translating discrete information from individual whiskers to a continuous space. Thus, the nbM 
has an important role in regulating the balance of excitation and inhibition in the barrel cortex 
and can influence the temporal integration of tactile inputs and stimulus perception in AD by 
modulating the sensory information processing. 
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Abstract: BACKGROUND: Processing dynamic tactile inputs is a key function of 
somatosensory systems. Spatial velocity encoding mechanisms by the nervous system are crucial 
for skilled movement production and recovery of motor function following neurological insult. 
Little is known about tactile velocity encoding in trigeminal networks associated with external 
sensory inputs to the face, or the somatosensory consequences of movement. OBJECTIVE: To 
use high resolution functional magnetic resonance imaging (fMRI) to investigate neural 
substrates of velocity encoding in the human orofacial somatosensory system during saltatory, 
pneumotactile inputs to the unilateral orofacial skin. METHODS: Participants - 20 neurotypical, 
right-handed adults, age 19-30 years. A multichannel, scalable pneumotactile array (Galileo 
Somatosensory) consisting of 7 TAC-Cells was used to present 5 stimulus conditions: 5 cm/s, 25 
cm/s, 65 cm/s, ALL-ON synchronous activation, and ALL-OFF, to the hairy skin of the right 
perioral lower face. A T1-weighted MPRAGE sequence (0.9mm isotropic, TE=3.37ms, 
TR=2400ms) was followed by 3 functional scans using a 3T Siemens Skyra (32-ch head coil). 
Functional images: T2*-weighted EPI sequence, 41 slices (2.5x2.5x2.5mm, TE=30ms, TR=2.5s, 
FOV=220mm). Using SPM12, acquired brain volumes/subject were realigned, and smoothed 
with an isotropic Gaussian kernel (FWHM=8 mm). The spatial organization of cerebral and 
cerebellar blood oxygen level-dependent (BOLD) response as a function of stimulus velocity 
was analyzed using general linear modeling (GLM) of pooled group fMRI BOLD data. 
RESULTS: Sequential saltatory inputs to the lower face produced localized, predominantly 
contralateral BOLD responses in primary somatosensory (SI), secondary somatosensory (SII), 
primary motor (MI), supplemental motor area (SMA), posterior parietal cortices (PPC), and 
insula, whose spatial organization was highly dependent on velocity. Additionally, ipsilateral 
sensorimotor, insular and cerebellar BOLD responses were prominent during the lowest velocity 



presentation (5 cm/s). CONCLUSIONS: Results indicate significant modulation in the spatial 
extent and region of BOLD signal as a function of stimulus velocity, reflecting a dynamic 
sensorimotor network underlying the processing of saltatory pneumotactile stimuli presented to 
the human trigeminal system. This regional modulation may be related to unique velocity 
processing and motor planning networks associated with tactile discrimination of movement 
across orofacial skin. 
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Abstract: Cutaneous reflexes are traditionally evoked using high-frequency electrical pulses 
delivered either to the whole nerve (Aniss et al., 1992) or to specific skin regions (Zehr et al., 
2014). While this approach has uncovered interesting reflex properties (e.g., gait phase-
dependent reflex reversal; Zehr et al., 2014), two disadvantages of electrical stimulation exist: 1) 
it non-specifically activates all mechanoreceptor classes, and 2) it entrains afferents to a non-
physiological input (e.g., 300 Hz pulse train). Here we have taken the novel approach of using 
mechanical stimuli to elicit lower-limb reflexes, which rely on natural mechanotransduction, and 
given the frequency selectivity of plantar skin receptors (Bent and Strzalkowski, 2014), can bias 
the population response toward specific afferent classes. Subjects were 20 healthy young adults 
(mean age = 25.6, SD = 3.4). Stimuli consisted of either 600 discrete sinusoidal pulses (one 
cycle at 30 Hz) or 120 s of continuous stochastic vibration (bandwidths: 0 to 30 Hz and 0 to 300 
Hz), delivered to the plantar skin overlying the right first metatarsal head at amplitudes of 3 and 
10 times perceptual threshold (PT). Surface and indwelling EMG recordings were obtained from 
Tibialis Anterior while participants maintained a constant level of ankle dorsiflexion (12.5 and 
25% of MVC). Responses were obtained by either stimulus-triggered EMG averaging (discrete), 
or by computing the coherence and cross-covariance between the stimulus acceleration/force and 



EMG (continuous). Regardless of stimulus type, peak responses were observed at latencies (~90-
100 ms) consistent with expectations of a cutaneous-mediated spinal reflex (Kavounoudias et al., 
2001; Forth & Layne, 2007). Larger reflex responses were observed with higher-amplitude 
stimulation (10 vs. 3 PT), as well as with greater background EMG (25 vs. 12.5% MVC). For 
continuous stimuli, significant coherence was commonly observed only up to ~30 Hz. Given 
discrete and continuous methods provide similar reflex response estimates, and the advantages of 
continuous stimuli in terms of trial duration and the ability to probe a broad-range of frequencies, 
we argue that stochastic stimulation is a powerful new technique for studying cutaneous reflex 
function. 
Research funded by NSERC 
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Abstract: The Pacinian corpuscle (PC) is a cutaneous mechanoreceptor that responds to 20-1000 
Hz vibrations, which are transmitted through the PC’s end organ to its central nerve fiber 



(neurite). We previously developed a mechanical and neural model of PC mechanotransduction. 
The model outputs neural activity resulting from a vibration applied to the PC’s outer surface. 
The model accounts for transmission of vibration through the PC’s outer core, subsequent strain 
on the neurite, opening of mechanogated channels, and generation of action potentials. The 
neural signal in response to vibration at different frequencies and amplitudes was simulated for 
10 Hz - 1kHz vibrations. Simulations resulted in variable firing rates (FRs) at low amplitudes 
followed by a static region at higher amplitudes, at which the FR was equal to the indentation 
frequency. 
The purpose of the current study was to draw insight into the transmission of information by the 
PC in response to vibration and observe the effect that a noisy mechanical input (e.g., due to 
noise in the stimulus itself or inaccuracy arising from transmission through the skin) has on the 
signal’s mutual information. The mutual information of neurite firing resulting from stimulation 
at different frequencies was calculated in noise-free and noisy vibrations with two different 
output parameters: FR and interspike intervals (ISIs). Vibrations of 75, 100, 150, and 160 Hz 
were chosen for analysis because they can have either overlapping outputs (i.e. same FR) or 
distinct outputs (i.e. different FR) based on the stimulation amplitude. Gaussian white noise was 
added to the input to simulate a noisy vibration. FRs and ISIs of the generated neural signals 
were measured and mutual information was calculated to observe the rate and temporal 
information transmitted by the signal. The mutual information calculated from the ISI of the 
noise-free signals was 0.96 bits, which decreased to 0.90 bits for low noise (1 to 20 dB SNR), 
0.81 bits for medium noise (-7 to 13 dB), and 0.73 bits for high noise (-19 to 1 dB). The rate 
codes showed no mutual information change for all chosen noise values (-19 to 20 dB SNR). 
Thus, the presence of noise has a greater effect on the temporal coding of the PC’s neural signal. 
The next step is to quantify the information contained in a complex (multi-frequency) 
mechanical vibration. The effect of variables such as the base frequency, dissonance, and phase 
difference between waveform components will be investigated to draw parallels to published 
psychophysical experiments. The overall aim is to quantify the information content transmitted 
in response to simple and complex vibrations and to observe the effect of noise on this value. 
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Abstract: Background. The use of focused ultrasound (FUS) to non-invasively modulate 
neurons has recently gained interest as a potential technique to treat neurological disorders. It has 
been shown to have both a stimulatory and inhibitory effect when applied to ex vivo peripheral 
nerves, mainly harvested from the crab and frogs, with one study stimulating, and recording from 
the vagus nerve in vivo with rats. Thus far, there have been no studies determining if stimulating 
peripheral nerves with FUS can have physiological effects with an in vivo model. Research 
Questions. Two questions regarding the use FUS as a technique to stimulate peripheral nerves 
are addressed herein: 1) Can FUS be used to stimulate peripheral nerves in the mouse model and 
elicit a physiological response (muscle activation)? 2) Can the FUS nerve stimulation be 
suppressed by administering an activation inhibitor to the targeted region? Results. Focused 
ultrasound was used to target the saphenous nerve in mice while recording EMG responses from 
the tibialis anterior muscle. Voltage (0.1-0.9V), duty cycle (1-90%) and duration (4ms-1s) were 
varied to determine threshold parameters for safe and efficient stimulation. 8 anesthetized mice 
had both hind limbs stimulated for a total of n = 16 limbs. Safe (no detectable tissue damage or 
morphological changes via H&E) EMG and muscle movement responses were observed for 
parameters up to 0.9 V at a 90% duty cycle for 10 ms FUS stimulation duration. There was an 
average delay of 25.4 ms between FUS stimulation and EMG response. Reduction of the output 
FUS intensity and duty cycle, but extending the duration did not elicit EMG responses. EMG 
responses increased linearly with the output intensity while maintaining a 90% duty cycle with a 
4-9ms FUS stimulation duration. EMG response were significantly reduced during FUS 
stimulation 10 minutes after administering 0.5% lidocaine to the area targeted on the saphenous 
nerve. Conclusion. The findings of this study demonstrate that we can safely stimulate the 
saphenous nerve in mice and elicit muscle activation. This muscle activation was inhibited after 
application of a lidocaine nerve block to the targeted region of the saphenous nerve 
demonstrating that the nerve was stimulated by FUS. These findings demonstrate feasibility of 
ultrasound-induced peripheral nerve stimulation that provides opportunities for noninvasive 
stimulation of deep-seated nerves. 
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Abstract: Olfaction is one of the major sensory modalities that regulates food consumption and 
is in turn regulated by the feeding state. Olfactory sensitivity is increased by fasting, decreased 
after satiety, and is perturbed by metabolic disorders and weight gain. These accumulated data 
strongly suggest that the olfactory bulb (OB) subserves as a metabolic sensor, and herein, we 
explore the role of further processing areas to similarly detect metabolic cues. Because mitral 
cells of the OB are glucose and insulin sensitive under the dependence of the Kv1.3 ion channel, 
we explored the presence of targeted receptors in the piriform cortex (PC) of Wistar rat. Using 
immunocytochemical approaches we now demonstrate that Kv1.3 labeling is localized to the 
lateral olfactory tract (LOT) and in layers 2 and 3 of the PC. Glucose transporter type 4 (GLUT4) 
and insulin receptor kinase (IR) were detected in the LOT, and PC layers 1, 2, and 3. In brain 
slices of the PC, we current-clamped principal cells in the whole-cell configuration to explore 
changes in excitability to glucose and insulin. 61% of sampled pyramidal cells (n=13) lost spike 
adaptation and significantly decreased initial instantaneous frequency (IF) (47.2 +/- 1.6 Hz 
control vs. 25.0 +/- 1.4 Hz low glucose) in response to a bath concentration change from 5 to 1 
mM glucose. All sampled pyramidal (n=3) and semi-lunar cells (n=3) decreased initial IF by 
28% and 33%, respectively, within 10 minutes of applying insulin (172 nM) to the bath. The 
spike firing frequency of 77% of sampled pyramidal cells (n=13) decreased (10.5 +/- 4 Hz 
control vs. 6.7+/- 4.3 Hz low glucose) in response to bath applied low glucose. Lastly, we tested 



whether bilateral infusion of metabolic signals into the anterior PC could alter olfactory 
processing. Cannulated fasted rats received either insulin (172 nM), glucose (10 mM), 
margatoxin (a Kv1.3 peptide blocker, at 0.1 nM) or vehicle microinjections, and were 
immediately tested for olfactory discrimination using a habituation/dishabituation paradigm in 
conjunction with measured sniffing frequency inside a customized plethysmograph chamber. 
Using a cohort of 20 rats, all three molecules decreased olfactory discrimination and modified 
response onset and sniff frequency, with the most pronounced effect being attributed to insulin. 
These data suggest that metabolic signals can modulate complex olfactory behavior by acting 
directly on the PC; the higher cortical region receiving communication from the OB. Our 
working hypothesis concerning metabolic processing and neuromodulation attributed to energy 
homeostatic state, must be expanded to incorporate that of additional central olfactory targets. 
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Abstract: Olfactory fear conditioning can selectively alter the neural representations of odor 
stimuli as early as the primary sensory input to the brain (Kass et al 2013). This plasticity could 
be related to learning-induced changes in olfactory bulb glomerular circuitry, which controls 
sensory input gain and is dynamically regulated by neuromodulatory and cortical networks 
involved in fear learning. Here, we performed in vivo cell type-specific optical neurophysiology 
to evaluate the effects of olfactory fear conditioning on periglomerular (PG) circuitry in adult 
mice. Fear conditioning consisted of a single day of training with 10 trials of a ~15 sec odor (the 



CS+) paired with a footshock (or 10 shock or odor alone trials for control groups). We compared 
odor-evoked GCaMP signals in GAD65-expressing PG cells 1 day before, 1 day after, and 1 
month after training in each individual mouse, and measured odor-evoked freezing in a novel 
context at similar post-training time points. During imaging and test sessions, subjects were 
presented with a panel of 4 odors including the CS+ and 3 unexposed odors. Fear conditioned 
mice exhibited stimulus-evoked freezing that generalized across all 4 odors (after non-
discriminative conditioning) and that was observed even 1 month after learning, whereas little 
freezing was observed in control animals. In parallel, we found that fear conditioning resulted in 
a robust, non-specific enhancement of odor-evoked GCaMP signals in GAD65-expressing PG 
cells. This generalized enhancement occurred just 1 day after learning and persisted up to 1 
month. These data show that fear conditioning causes relatively rapid and long-lasting changes in 
olfactory coding. Such changes might decrease discrimination between threat-predictive and 
neutral stimuli and promote generalized anxiety. 
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Abstract: Early sensory experience can dramatically shape the adult anatomy and function of 
sensory circuits. In the olfactory bulb (OB), odor exposure through odorized food (food/odor 
pairing) fundamentally changes the structure of the glomerular module in a receptor-specific 
manner. We previously showed that prenatal and early postnatal odor exposure using methyl 
salicylate not only increases glomerular volume as measured by the coalescence of OSN axons 
but also increases the number of mitral and tufted cells (MTCs) connected to activated glomeruli. 
Increasing MTC number of a given glomerulus may increase the total output of that glomerulus, 



and increase the total strength of lateral inhibition mediated by connected cells. Odor experience 
may also alter strengths of synaptic connections throughout the OB circuit. Here, we analyze the 
functional impact of this long-term odor exposure paradigm on population activity of MTCs. We 
use viral vector expression of GCaMP6s in mitral cells (MCs) to measure changes in odor-
evoked responses following prenatal and early postnatal odor exposure. Dams are fed with food 
scented with methyl salicylate, an odorant known to activate selective dorsal glomeruli in the 
OB. Previous work in rodents suggest that odor-evoked changes in MTC firing rates are smaller 
when the odor presented is familiar. However, in our preliminary results we observe that odor 
presentation elicits larger amplitude odor responses in MCs from animals that experienced 
food/odor pairing than from naïve control animals. Larger responses were observed to both low 
and high concentrations of the familiar odorant, methyl salicylate, but the increase was larger at 
higher concentrations of odor presented. Specifically, MCs in odor-exposed animals showed a 
steeper slope of the concentration response function that was specific to the paired odor 
(Kruskal-Wallis test with Dunn’s multiple comparisons test, n=35 cells, mean±SD of ΔF/F, 1% 
vs. 10% methyl salicylate stimulus, 1.14±0.11 vs. 1.30±0.22, p<0.05), while control animals did 
not (n=13 cells, mean±SD of ΔF/F, 1% vs. 10% methyl salicylate stimulus, 1.07±0.01 vs. 
1.09±0.05, n.s.). In contrast, MCs in both odor-exposed and control animals did not demonstrate 
different concentration-dependent increases in response amplitudes when presented with 
increasing concentrations of a novel odor, hexanal (odor-exposed: n=35 cells, mean±SD of ΔF/F, 
1% vs. 10% hexanal stimulus, 1.42±0.30 vs. 1.61±0.43, n.s; control: n=13, 1.15±0.08 vs. 
1.17±0.08, n.s.). These odor specific responses suggest that odor exposure through a food-based 
paradigm significantly changes sensitivity of mitral cell response in an unexpected way. 
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Abstract: A ubiquitous feature of sensory processing in the brain is the presence of feedback 
and neuromodulatory connections: in many areas such connections are as dense as the feed-
forward components. As this likely endows the brain with powerful functions such as 
emphasizing the behaviourally relevant aspect of environmental stimuli, it is crucial to 
understand how they contribute to the local circuit operations, as well as its underlying circuit 
mechanisms. 
So far a variety of modulatory effects have been described across animal models. In contrast to 
modulations induced by general physiological changes such as during running, modulations that 
occur when animals attend to specific stimulus attributes are likely to be distinct, involving 
different circuit mechanisms. 
To investigate this, we used the mouse olfactory system, as it allows for rapid behavioural task 
changes, and because the primary sensory region, the olfactory bulb (OB), is easily accessible for 
physiological experiments and already a major recipient of feedback and neuromodulatory 
inputs. 
We sought to study the odour representation in the OB when animals are engaged in different 
behavioural tasks. GCaMP6f was expressed via AAV1 in OB neurons and the signals imaged 
repeatedly through chronically implanted window, in particular from the glomerular layer in 
awake, head-fixed mice. The same set of neurons could be imaged over weeks, where day-to-day 
responses to odours in individual neurons remained stable. 
Diverse changes in odour representations were observed in the OB neurons as the task nature 
changed, with 32.7 ± 7 % of neurons in a given field of view showing significant changes. This 
change was present on a behaviourally relevant timescale, with changes present at least in the 
first 600 ms of odour response. Furthermore, the change was odour-specific, and occurred in a 
way that emphasized the aspect of olfactory stimuli relevant to the task. This was true for both 
GABAergic (Vgat-expressing) and non-GABAergic neurons. Consistent with its role in 
emphasizing the task-relevant stimulus attributes, the fluctuations of neuronal representation 
correlated with behavioural performance. 
Overall the results suggest that the nature of sensory representation can change with specific 
behavioural demands even in the very first stages of processing. This experimental approach 
provides a promising way with which to investigate mechanisms underlying stimulus specific 
modulation. 
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Abstract: Lateralization, or cortical asymmetry, is a multifaceted phenomenon occurring at both 
the structural and functional levels, and can be expressed both as a stable trait and/or 
dynamically during behavior and development. For example, the piriform cortex (PCX) of rats 
performing a two-alternative forced choice odor discrimination task shows experience- and state-
dependent asymmetry in odor-evoked local field potential (LFP) oscillations and inter-
hemispheric coherence (Cohen et al., 2015). Specifically, odor-evoked LFP beta oscillations in 
the left PCX are more robust during initial learning than the right PCX. In contrast, the right 
PCX shows beta band enhancement at the late stages of learning while the left PCX changes 
return to baseline. With over-training, this asymmetry in cortical activity disappears. 
Importantly, the design of this study (Cohen et al., 2015) was based on behavioral performance 
which allowed us to detect the physiological changes at different performance levels. 
To further explore asymmetry in the olfactory system during learning, here we used four 
different approaches: 1) Direct manipulation of the olfactory inter-hemispheric pathway. The 
anterior commissure (AC) is the inter-hemispheric pathway between the bilateral primary 
olfactory cortices, amygdala and entorhinal cortex. We cut the fibers of the AC to examine if and 
how olfactory tasks are modified by impairing olfactory cross talk between hemispheres. 2) 
Using the same design as before (Cohen et al., 2015), we examined a possible lateralization in 
orbitofrontal cortex during the odor learning. 3) Utilizing unilateral optogenetic stimulation of 
cortical networks as conditioned stimuli in a fear conditioning paradigm, directly testing whether 
one hemisphere is superior to the other for this form of odor learning or recall. 4) Screening PCX 
for lateralization in molecular markers related to plasticity to begin to understand the 
mechanisms of this widespread cortical asymmetry related to odor learning. Our results suggest 
that inter-hemispheric communication is essential for normal odor learning, especially in a 
reversal task. The OFC, similar to the PCX shows strong performance-dependent asymmetry, 
though this OFC asymmetry has distinct features different from that in the PCX. Finally, 



PKCgamma expression, a marker for synaptic plasticity, shows asymmetry in PCX layer I, that 
matches the emergence and recovery of LFP asymmetry over the course of learning. 
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Abstract: As a way to facilitate mating and breeding cycles, female sexual maturation and 
receptivity are often facilitated by the presence of male odors in the environment. The 
vomeronasal system, the accessory olfactory bulb in particular, is one of the primary brain 
circuits translating these signals into adaptive behavioral or neuroendocrine responses. We 
previously reported that the amount of GABAergic granule interneurons integrating in the AOB 
of female mice increases of about 50% in response to male odor stimulations occurring after 
puberty. One possible explanation for the timely occurrence of this circuit rearrangement could 
be the need for this pathway to improve its sensitivity to new sensory stimuli once they become 
salient signals for mating and reproduction. This indeed might imply the addition of newborn 
interneurons in olfactory sub-circuits elaborating these signals. To explore this possibility, here 
we provide evidence of a tight correlation between the activity-dependent modulation of AOB 
neurogenesis and the onset of female cycling at puberty. We further show that only male stimuli 
produced by putative mating partners - unrelated and unfamiliar mature males - are affecting the 
survival of newborn neurons in the female AOB. Genetic identity of the donors or their early 
postnatal experience do not prevent this to occur, as shown by exposing mature female mice to 
cues from either kin-related or unrelated littermates. Moreover, peri-pubertal exposure of female 
mice to male odors results in increased interest (investigation time) for the familiarized stimuli. 



Unexpectedly, this response is accompanied by a drastic decrease in sexual receptivity shown to 
their male donors. Concurrently, male odor familiarization results in higher responsiveness of 
newly generated AOB granule cells, as assessed through c-Fos expression analysis, thus 
confirming the active recruitment of AOB newborn cells into circuits responsive to the 
familiarized signals. Collectively these data show that the activity dependent rearrangement of 
GABAergic circuits in the AOB occurs as female mice being to display attractive responses to 
male cues after puberty: it is contextual to the onset of mating behaviors, it depends on the sexual 
maturity of the male donors and it concurs with the recruitment of adult born neurons into AOB 
circuits encoding mate preference. Interestingly, the addition of new GABAergic neurons into 
these circuits correlates with a change in the behavioral effects of the sensory stimuli they 
elaborate. The time-scale of this process is compatible with a direct involvement of AOB 
neurogenesis in shaping the vomeronasal responses to mating signals after puberty. 
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Abstract: Animals must integrate sensory inputs with contextual information, such as internal 
state or external cues, to execute adaptive behavioral responses. An important goal of 
neuroscience is to determine how this information is encoded within the nervous system. 
Behavioral plasticity can stem from genetic, molecular, and circuit level changes in neural 
function, allowing the organism to thrive in a dynamic environment. The nematode C. elegans is 



an advantageous model organism for interrogating the neuronal circuits and molecular pathways 
involved in sensory processing and integration. C. elegans responds precisely, but flexibly, to 
sensory stimuli of multiple modalities, and sensory responses have been shown to be modulated 
by the animal’s experience and state. The ability to rigorously control environmental conditions 
and experience, together with the array of available experimental tools, makes C. elegans an 
excellent system in which to interrogate the mechanisms underlying context-dependent 
behavioral plasticity. 
I have found that antagonistic sensory pathways converge to mediate the behavioral response of 
C. elegans to the volatile odorant, hexanol. Specifically, the AWC sensory neurons are required 
for worms to exhibit attraction to hexanol, while the ASH/ADL nociceptive neurons appear to 
facilitate behavioral aversion to this chemical. Consistently, both AWC and ASH show calcium 
responses to removal and addition of hexanol, respectively. Differential weighting of these 
antagonistic pathways as a function of context and experience appears to drive flexibility in the 
animal’s behavioral response to hexanol. I have found that environmental conditions such as 
population density alters the balance between these pathways; these behaviors can be 
recapitulated by genetic manipulations that specifically affect either the attractive or aversive 
circuit. I aim to identify the genes, neurons and circuits that alter response valence to olfactory 
cues, thereby describing how behavioral plasticity is encoded within a neural ensemble. 
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Abstract: Neuronal compartments are characterized by distinct physical-chemical characteristics 
and functional roles. The modulations of dendritic compartments are recently reported in some 
animals (Augustine et al., 2003; Losonczy et al., 2008; Cichon and Gan, 2015; Ogawa and Oka, 



2015; Prešern et al., 2015), but modulations of these dendritic compartment modulations for odor 
adaptation remains unclear in C. elegans. We, therefore, identified that compartmentalized 
modulations on sensory neurons and interneurons for odor adaptation with fluorescent imaging 
techniques. A 5-min odor pre-exposure reduces the odor attraction of worms. This phenomenon, 
which is named early adaptation, requires AWC sensory neurons and AIY interneurons (Hirotsu 
and Iino, 2005; Yamada et al., 2009). However, modulations between AWC and AIY neurons 
have not been examined yet. Because AWC senses odors, and AIY receives inhibitory 
glutamatergic inputs from AWC, we investigated the modulations of neuronal activities with 
genetically encoded Ca2+ and glutamate indicators in vivo.Simultaneous Ca2+ imaging of AWC 
and AIY revealed that neuronal activities did not change in AWC neurons on pre-exposure. On 
the other hand, AIY neurons showed region-specific modulations of neuronal activity. Glutamate 
inputs to AIY also showed compartmentalized modulations. This study is the first reports of 
compartmentalized modulations of glutamate (input) and neuronal activity (output) on 
interneurons in C. elegans. Our results propose new insight for neuronal circuit study in C. 
elegans. 
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Abstract: The Drosophila larva navigates odor gradients by alternating runs with turns: they run 
up the gradient and turn while moving down the gradient. So far, deterministic stimuli have been 
used to study the control of larval chemotaxis. Little is known about the behavioral responses 
elicited by stochastic olfactory stimuli analogous to those encountered in nature. We address this 
problem by studying the control of reorientation decisions under sensory uncertainty (noise) 
during larval chemotaxis. We express the light-gated ion channel Channelrhodopsin-2 in 
olfactory sensory neurons (OSNs). Activating the OSNs with light allows us to stimulate larvae 
with a precision and reproducibility that is impossible to achieve with real odors. We mimic up- 
and down-gradient olfactory experiences and reproduce run-to-turn transitions by introducing 



temporal ramps of increasing and decreasing light intensities. By quantifying the timing of run-
to-turn transitions as a reaction time, we find that larvae exhibit robustness against weak 
Gaussian white noise corrupting deterministic olfactory stimuli. In the presence of strong noise, 
larvae show a delay (<1 sec) in their mean reaction time compared to the noise-free condition. 
However, strong noise does not impair chemotaxis severely. Finally, we describe the underlying 
decision-making process by applying a model commonly used in cognitive neuroscience: a 
diffusion model coupled with a linear-nonlinear model fed with OSN activity predicted from the 
stimulus. Our model suggests that invertebrates are capable of accumulating sensory evidence to 
enhance the robustness of perceptual decisions driven by noisy sensory evidence. 

Disclosures:  D. Kim: None. R. Moreno-Bote: None. M. Louis: None. 

Poster 

619. Olfactory Circuits and Behavior 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 619.10/QQ10 

Topic: D.04. Olfaction and Taste  

Support: Medical Research Council (MC_UP_1202/5) 

 Boehringer Ingelheim Fonds 

 Francis Crick Institute 

Title: Learning-related changes in mitral and tufted cell responses reflect changes in sniffing 
behaviour 

Authors: *R. JORDAN1,2, I. FUKUNAGA1, M. KOLLO1, A. T. SCHAEFER1,2;  
1Neurophysiol. of Behaviour, Francis Crick Inst. Mill Hill Lab., London, United Kingdom; 
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Abstract: Sensory circuit activity has often revealed correlates of information about behavioural 
context. These representations are generally thought to be driven by top-down input from higher 
centres, however it is conceivable that they could be evoked largely by learned changes in active 
sampling behaviours, e.g. sniffing or whisking. The olfactory bulb (OB) is ideal for mechanistic 
study of contextual modulation, with abundant input from higher centres, strong modulation of 
neural activity by sniffing, and the propensity for rapid learning of olfactory tasks in mice. Thus, 
we investigated the origin of contextual changes of mitral and tufted cells (MTCs) using whole 
cell recordings in awake mice, either passively exposed to odours (n = 21) or engaged in 
olfactory go/no-go task learning (n = 20 cells). While general physiology of MTCs between the 



two behavioural states was similar (Rinp,τmem, firing rate, Vrest, and odour responses, p > 0.05, t-
test), response changes in learning mice were twice as numerous and significantly more diverse 
than in controls (0.2 ± 1.5 mV, vs -0.3 ± 1.0 mV; p < 0.05, Bartlett test). The learning-specific 
changes largely comprised increases in excitatory response. Notably, sniffing behaviour also 
underwent a variety of task-related changes (mean inhalation duration -2 ± 25 ms, vs 1 ± 10 ms; 
p < 10-4, Bartlett test) depending on the motivational state of the animal (quantified by the 
anticipatory lick rate, R2 = 0.5, p < 0.005). Both sniff and response changes occurred prior to 
earliest estimates of decision time (170 ms), making them potentially relevant for behaviour. 
Indeed, learning-related changes in sniffing showed strong relationships with changes in odour 
response, particularly in responses undergoing increases in excitation (R2 up to 0.7, p < 10-7). 
Correlating sniff change and Vm change across all putative mitral cells showed that changes in 
sniff rate alone accounted for almost 40% of variance in odour responses (R2 = 0.38, p = 0.001). 
Sniff behaviour could modulate membrane potential by up to ΔVm = 2.5 mV in absence of either 
odour or learning when sniff rate changes were e.g. evoked by unexpected non-olfactory stimuli. 
The magnitude of ΔVm strongly depended on theta modulation properties of the cell (R2 = 0.37, 
p = 3 x 10-4) and its odour response (R2 = 0.63, p = 0.003), supporting a causal link between sniff 
changes and changes in membrane potential and odour responses. Overall, we conclude that 
contextual modulation of sensory circuit activity can be driven, at least in part, simply by active 
changes in stimulus sampling behaviour rather than necessarily being a consequence of top-down 
inputs or plasticity in the olfactory bulb. 
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Abstract: Among other central inputs, the olfactory bulb receives abundant noradrenergic (NE) 
projections from the locus coerulus (LC). These modulatory inputs have been shown to regulate 
olfactory bulb processing through changes in excitability, dynamics and plasticity. Specifically, 
NE in the olfactory bulb has been associated with low concentration odor detection, signal to 
noise modulation and discrimination of highly similar odorants. Previous studies used 
pharmacological or lesioning methods to investigate the role of NE modulation in the olfactory 
bulb, which puts temporal constraints on the behavioral paradigms that are possible. We use 
optogenetic inactivation of NE inputs to the olfactory bulb to manipulate NE modulation on a 
shorter temporal times scale. Briefly, mice were injected with Lenti-hSyn-NpHR-EYFP in the 
LC and simultaneously implanted with bilateral optical fibers in the olfactory bulb. After time 
for expression of the NpHR-EYFP in LC terminals in the OB, mice were trained to perform a 
simultaneous go-no-go task for 20 trials massed in a day, and then tested for recall of the odor 
discrimination either 4 hours or 24 hours after the training session during 5 trials. We found that 
decreasing the release of NE in the olfactory bulbs during learning of an odor discrimination has 
no impact on learning and recall after 4 hours, but severely impaired recall after 24 hours. These 
findings suggest a role of NE release in the OB not for expression of learning but for the 
maintenance of the long term memory. To further test this hypothesis, we tested these mice on a 
reversal learning. Mice were trained on a given odor contingency for 10 trials (with or without 
blockade of NE inputs), after which the contingency of odors was switched. Mice with impaired 
NE inputs learned the reversal significantly faster than controls, further suggesting that the 
formed memory is more labile when NE is decreased in the OB. Further experiments showed 
that the impact of NE on memory stabilization would be mostly due to activation of alpha1 
receptors. All together, these data highlight a role of bulbar NE projections for the expression of 
olfactory memories. Long term maintenance of these memories is affected even when NE release 
is manipulated only temporarily during learning. 
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Title: Ontogenic development of morphometric heterogeneities between vomeronasal pathways: 
the social rodent Octodon degus as a case in point. 

Authors: P. FERNANDEZ-ABURTO, S. DELGADO, K. BULDRINI, G. MARIN, *J. 
MPODOZIS;  
Univ. of Chile, Santiago, Chile 

Abstract: In mammals, the vomeronasal system (VNS) has been largely associated with the 
coordination of social and sexual interactions. This system detected mainly pheromone-like 
semiochemicals, orchesting the neuroendocrine and behavioral responses of the organisms in a 
context-dependent manner. The VNS features two types of chemosensitive neurons segregated in 
the vomeronasal organ (VNO), each expressing either V1R or V2R receptor. In turn, 
vomeronasal neurons extend its axons to glomeruli located in the accessory olfactory bulb 
(AOB), forming two segregated subdomains: anterior (aAOB) and posterior (pAOB), 
respectively. Secondary projection neurons of both subdomains innervate multiple forebrain 
regions mainly associated to neuroendocrine regulation. Functionally, it has been suggested that 
V1R neurons detect small and volatile molecules while V2R neurons detect high and non-
volatile molecules. It has been recently shown that several species of caviomorph rodents exhibit 
marked differences in morphometric parameters between AOB subdomains. Both, aAOB or 
pAOB-bias has been observed in these species, in association with conspicuous differences in 
life-style traits (semiarid vs semiaquatic environments). Whether and to which extent these 
differences are innate or arise in an experience dependent manner remains unexplored. We 
studied the ontogeny of the VNS in the hystricognath rodent Octodon degus. At adult stage, O. 
degus exhibit a highly heterogeneous AOB, in which the aAOB have twice overall volume than 
the pAOB, and features more and larger glomeruli. We found that segregated projections of the 
VNO neurons to its corresponding AOB subdomains were clearly distinguishable at prenatal 
stages. However, at the AOB the anatomical organization and the expression of neural 
maturation markers reached an adult pattern only from P15. Measurements of the overall AOB 
volume start showing a bias towards the aAOB by P15, but this bias becomes evident at the 
glomerular layer (GL) only by P30. This bias increase in posterior stages, reaching an adult-like 
pattern only at P180. In addition, and most interestingly, we found that these morphometric 
differences were less marked in GL for animals raised in captivity when compared with animals 
raised in the wild. Furthermore, we found that these morphometric differences were absent in the 
GL of O. lunatus, a sister-group that exhibit a low extent of social behavior. We conclude that 
morphometric differences between vomeronasal pathways arise in postnatal stages, suggesting 
that active semiochemical experience associated with the social context may be influencing the 
establishment of this heterogeneity. 
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Abstract: Connective tissue growth factor (CTGF) is indispensable in the development of the 
connective tissue. In the nervous system, CTGF is expressed in some distinct areas, such as the 
olfactory bulb, but its function is largely unknown. In order to investigate the role of CTGF in 
the nervous system, forebrain-specific Ctgf knockout (FbCtgf KO) mice were made. In FbCtgf 
KO mice, altered neuronal patterning in the glomerular layer of olfactory bulbs and abnormal 
olfaction-related behavior were noticed. To pinpoint the molecular mechanism underlying these 
behavioral and cytoarchitectural changes, we analyzed the gene expression profiles in the 
olfactory bulb using next-generation RNA sequencing techniques. Unexpectedly, the expression 
of genes involved in the TGF-beta pathway which is downstream of CTGF signaling were not 
significantly changed. Besides related genes of TGF-beta signaling pathway, about 29 genes and 
their isoforms were significantly downregulated. Most of them take part in cell proliferation, cell 
migration, cell differentiation and cell death. Interestingly, the expression levels of Erythroid 
differentiation regulator 1 (Erdr1), myosin heavy chain 14 (Myh14) and Gm16286, were 
increased significantly. Erdr1 regulates cell proliferation, cell migration, and the maintenance of 
cell population. Myh14 is required in controlling of cytoskeleton activities and the maintenance 
of cell shape. Both of Erdr1 and Myh14 are highly expressed in olfaction-related brain regions. 
According to relative expression pattern and biological function, these genes may closely interact 
with CTGF. Our data widen the view to explore the function of CTGF in the nervous system. 
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Abstract: The olfactory system employs two large myelinated tracts: the lateral olfactory tract 
(LOT), comprised of mitral/tufted cell axons coursing from the olfactory bulb to the ipsilateral 
olfactory cortices, and the anterior commissure (AC) which coordinates olfactory information 
between the left and right hemispheres. The current work is a comparison of the development of 
myelin in the two tracts of the mouse. Oligodendrocyte maturation was visualized by quantifying 
cells expressing markers for a) the oligodendrocyte lineage: Olig2, b) proliferative precursor 
cells: PDGF, c) intermediate pro-oligodendrocytes: CC1 and NG2 and d), mature, myelinating 
oligodendrocytes: MBP and MOBP at postnatal days (P)10, 20, and 30. In the LOT the late 
markers MBP and MOBP were already heavily expressed by P10. In the AC, early markers 
(PDGF, NG2, CC1) were prevalent at P10. By P20 their expression was decreased and both 
MBP and MOBP were abundant. Electron microscopy was used to track the proportion of 
myelinated to unmyelinated axons as well as axon caliber. Myelinated axons did not appear in 
the AC until P15; by P30 18% of axons were myelinated. These results suggest that myelination 
begins earlier in the LOT than the AC. More focused work confirmed that the LOT is myelinated 
3-4 days prior to the AC and that both the AC and LOT exhibit a period of rapid myelination 
(LOT: P8-11; AC: P11-15). Additionally, the effects of sensory deprivation on the myelination 
of the AC and LOT were examined. Pups underwent unilateral naris occlusion on P1 and were 
reared until P30. EM analysis revealed that naris occlusion did not significantly change the 
number of myelinated axons in the AC relative to that of controls, but did reduce the axon caliber 
of myelinated fibers. The results suggest that the LOT and AC have different developmental 
histories and that sensory deprivation affects axon caliber of fibers carrying olfactory 
information 

Disclosures:  L.N. Collins: None. P.C. Brunjes: None. 



Poster 

619. Olfactory Circuits and Behavior 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 619.15/QQ15 

Topic: D.04. Olfaction and Taste  

Title: Apolipoprotein E4 mediates olfactory network excitability and short term habituation 

Authors: *K. PENG1,3,4, P. M. MATHEWS1,5, E. LEVY1,5,4, D. A. WILSON2,3,6;  
1Ctr. for Dementia Res., 2Emotional Brain Inst., Nathan Kline Inst., Orangeburg, NY; 3Neurosci. 
& Physiol., 4Biochem. & Pharmacol., 5Psychiatry, 6Child and Adolescent Psychiatry, NYU 
Langone Med. Ctr., New York, NY 

Abstract: While expression of the apolipoprotein E ε4 allele (ApoE4) is well appreciated as the 
greatest genetic susceptibility factor for Alzheimer’s disease (AD), more recent findings suggest 
that ApoE4 expression leads to cognitive deficits, neurodegenerative risk and brain atrophy 
independently of AD. In human ApoE4 carriers, the onset of impaired odor identification 
correlates with the onset of episodic memory decline. Olfactory perception relies upon the 
spatiotemporal pattern of transfer of odor-evoked activity in the olfactory bulb (OB) to the 
piriform cortex (PCX). From the PCX, odor information travels to the entorhinal cortex and 
hippocampus for future retrieval. 
We examined olfactory behavior and physiology in 6 and 12 month old mice humanized for 
ApoE4 compared to mice humanized for the common neutral-risk ε3 allele (ApoE3), neither of 
which develops AD-related amyloid pathology. Testing odor habituation, a measure of short-
term memory, we found deficits in ApoE4 compared to ApoE3 mice at 6 months of age, 
although this behavioral deficit did not persist into older age groups. Given that the synaptic 
mechanisms of short-term habituation originate within the connections between the OB and the 
PCX, we recorded spontaneous and odor-evoked local field potentials (LFPs) in both regions 
from anesthetized mice. At 6 months of age, no genotype differences in spontaneous LFPs 
without the presence of odors were seen in either region. However, odor presentation triggered 
hyperactive LFPs in the OB of 6 month old ApoE4 compared to ApoE3 mice. At this age, no 
odor-evoked genotype-dependent differences in LFPs were found when recording from the PCX. 
At 12 months of age, spontaneous LFPs were found to be hypoactive in the PCX, but not the OB, 
of ApoE4 mice compared to ApoE3 mice. Meanwhile, the presence of odor at 12 months 
triggered an age-dependent increase in evoked LFPs activity in the PCX of ApoE4 mice. 
Thus, regional olfactory system function is impaired in an age- and ApoE genotype-dependent 
manner. Our findings suggest that early olfactory network abnormalities in ApoE4 OB 
coinciding with short-term memory impairments may be a precursor to later network dysfunction 
in the PCX. Further studies are required to determine the extent to which evoked 



hyperexcitability spreads throughout the brain and whether changes in circuit activity may 
compromise other cognitive tasks in ApoE4 carriers. 
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Abstract: The two major neuronal types in the mammalian cortex are the excitatory projection 
neurons and the inhibitory interneurons (INs). The projection neurons are generated in the dorsal 
telencephalon (dTel) and migrate to their destination by radial migration. The GABAergic 
interneurons are primarily generated in the medial ganglionic eminence (MGE) of ventral 
telencephalon (vTel) and enter the cortex by tangential migration. Here, using a panel of IN 
markers, we demonstrate that although the IN density is consistent in different regions in the 
cortex, the IN distribution patterns are different in the six-layered neocortex and in the three-
layered piriform cortex. To study how IN distribution is regulated, we used Lhx2 conditional 
knockout (cKO) mice, in which Lhx2 is deleted by Emx1-Cre, as a model. In Lhx2 cKO cortices, 
the lateral neocortex is refated to generate an ectopic piriform cortex. We found in the ectopic 
piriform cortex, the density of INs is similar to that in the wild type cortex and the distribution of 
INs is similar to that in the PC in the wild type littermates. This findings suggest that the fate of 
projection neurons regulates the distribution of the INs. 
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Abstract: Correct connections between neurons are directly linked to the precise function of our 
brain. Between the olfactory epithelium (OE) and the olfactory bulb (OB), there have simple 
neural connections which form the olfactory neural map. Incorrect coalescence of olfactory 
sensory neurons (OSNs) at the glomerulus could cause the problem such as the failure of odor 
encoding and discrimination. Therefore, making proper synapse and maintenance of olfactory 
neural connectivity is important during the postnatal development. Despite the significance of 
this process, only few studies about periods of axon path-finding, synapse formation and 
refinement have been reported in the olfactory system. Especially, the mechanism about the 
maintenance and remodeling of olfactory neuronal circuits is still unknown. 
In this study, we hypothesized that there are critical periods and regulator(s) to establish the 
stable adult olfactory neural connections. To investigate this topic, we focused on caspases and 
the cellular inhibitor of apoptosis-1 (cIAP-1). Because recent studies indicated non-apoptotic 
roles of caspases such as neuronal plasticity, neuronal growth and regeneration, and degeneration 
of axons and dendrites. And cIAP-1 is one of the best known regulator of caspase function. To 
check whether cIAP-1 level is significant to modulate the olfactory neural connectivity or not, 
we checked the cIAP-1 expression level in the olfactory system by comparing WT mice to cIAP-
1 KO mice. According to our preliminary results, cIAP-1 level was up-regulated until 7 weeks 
during the postnatal development stages. At this point, caspase 3 was activated when cIAP-1 was 
ablated. Using immunohistochemistry, we confirmed local caspases activity at the axonal part of 
OSNs in the cIAP-1 KO mice. These results suggest that cIAP-1 may inhibit the local activation 
of caspases, and which may stabilize the olfactory neural circuit during the specific periods of 
postnatal development. 
Our studies would be helpful to understand how regenerated OSNs maintain the proper olfactory 
neural connectivity during the post-natal development. 
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Abstract: Chondroitin sulfate proteoglycans (CSPGs), one of the main components of the brain 
extracellular matrix, play an important role in axon guidance and modulation of synaptic stability 
during development. The olfactory system represents an ideal model to study these functions, as 
CSPGs are robustly expressed in this system and neuronal differentiation, synaptic stabilization, 
and axon outgrowth continue throughout life. Axons from olfactory receptor neurons (ORNs) 
travel across the olfactory mucosa (OM) and to odor-specific glomeruli in the olfactory bulb 
(OB). CSPGs may play guidance and stabilization roles which may be central to the 
discriminatory function of the GLs in the OB. Thus, we postulated that CSPGs form organized 
extracellular structures surrounding ORN axons, potentially guiding them from the OE the 
correct odor-specific OB glomeruli. 
Human post-mortem OBs (n=10, age- and sex-matched), rodent OM (n=8) and OM tissue 
biopsies from healthy human subjects (n=15) were used for immunocytochemistry and electron 
microscopy studies. An antibody (CS56) raised CSPGs with a CS-6 sulfation pattern and the 
lectin Wisteria Floribunda agglutinin (WFA) were used to investigate the relationship between 
distinct CSPGs with ORN axons labelled using anti-olfactory marker protein antibody. 
Our results show that, in human, CSPG/CS-6 are closely associated with ORN axons, forming 
dense aggregates subjacent the olfactory epithelium (OE), and deeper channel-like structures 
which encapsulate ORN axon bundles, following them from the OE, through the OM and into 
the glomerular layer of the OB. Other CSPGs, labeled with WFA, are associated with the medial 
side of the glomeruli and throughout the OB’s inner layers. Consistent with these results, 
electron micrographs of rodent OM show extracellular CSPG/CS-6 aggregates deposited around 
ORN axon bundles. 
These findings are consistent with the hypothesis that CSPGs play a key role in organizing and 



guiding ORN axons from the OE into OB glomeruli and maintaining the glomerular structure 
and connectivity with the tufted and mitral cells. These results are relevant to the 
pathophysiology of schizophrenia (SZ), a disorder with CSPG expression abnormalities in 
several brain regions including the OE. Notably, people with SZ, and first-degree relatives, 
present with odor identification deficits. We suggest that CSPG abnormalities in the olfactory 
system of individuals with SZ may disrupt the guidance of ORN axons, thus destabilizing 
connections within the odor-specific glomeruli contributing to the observed olfactory deficits. 
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Abstract: Oxytocin is known to be a neuropeptide that promotes lactation, maternal bonding and 
birth. Recent studies have reported that oxytocin modulates social recognition and thus seems to 
be related to empathic behaviours. Multiple studies have suggested that the oxytocin modulates 
social brain networks, which are related to empathy (e.g., insular cortex). These networks are 
also activated during the rubber hand illusion (RHI), which is an illusory body ownership caused 
by the brush stroking that were synchronously applied to a rubber hand and a participant’s hand. 
It is intriguing to investigate whether oxytocin affects illusory changes in the body ownership, 
such as in the RHI. In this study, we examined the relationship between salivary oxytocin 



concentration and the subjective feeling of rubber hand ownership in each participant. In the 
behavioural task (N = 10), brushes were stroking synchronously or asynchronously to the 
participant’s hand and a rubber hand. Each condition included 4 sessions, and each session lasted 
3 minutes. The synchronous and asynchronous stroking conditions were conducted on separate 
days (within 4 days). Saliva (2 ml) was sampled before and after the behavioural tasks, and 
oxytocin concentration was measured with ELISA method. We found that participants who had 
higher concentrations of salivary oxytocin tended to feel stronger ownership of the rubber hand 
(r = 0.79, p = 0.0067 < 0.01). In contrast, the salivary oxytocin concentrations did not change 
after the occurrence of the RHI in the present condition. Additional analysis showed that the 
participants with higher autistic traits tended to feel a weaker body ownership of rubber hand in 
the RHI task (r = -0.71, p = 0.018 < 0.05). Our results suggest that a salivary oxytocin 
concentration can predict degree of subjective feeling of body ownership during the RHI, and it 
might modulate our sensation of body ownership. We speculate that oxytocin modulate the 
illusory body ownership by affecting brain activity in the insular cortex and anterior cingulate 
gyrus, because these regions are also known to be related to body image and self-consciousness. 
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Abstract: Predictive coding is a theoretical concept which helps us to understand higher brain 
functions. According to this idea, the brain predicts what is going to happen under a particular 
situation based on prior experience. Therefore, one of essential brain functions is to predict the 
coming sensory input, and to minimize the prediction error (difference between the prediction 
and actual sensory inputs). This prediction error minimization process must be dependent on past 



experience and learning. Previously, we have reported that prediction errors between whisker 
and visual inputs were detected in the posterior parietal cortex (PPC) of mice. We recorded 
neuronal activities in PPC using flavoprotein fluorescence imaging. Visual stimulation with 
grating patters moving forward/backward alone, or forward/backward whisker-shift stimulation 
alone hardly activated PPC in anesthetized mice. However, anti-phase combination of moving 
grating patterns and whisker stimulation (grating moving forward plus backward whisker shift, 
or grating moving backward plus forward whisker shift), which is very unlikely in natural 
environment for mice, produced prediction error responses in PPC. In contrast, in-phase 
combination of grating patterns and whisker stimulation failed to produce any clear activity in 
PPC. We have reported that cortical depression and retinotopic map shifts were induced by 
prediction errors between visual and whisker inputs in the primary visual cortex (V1) of young 
mice that had worn a monocular prism goggle, suggesting that the prediction errors detected in 
PPC were used to reduce in the prediction errors at the V1 level. Obviously, prediction and 
prediction errors are expected to be dependent on past experience and learning. To test this 
possibility, we investigated the prediction error responses in PPC of dark-reared mice from birth 
to 4 weeks of age. As expected, the dark-reared mice could not show any prediction error 
responses in PPC. However, this dark reared effect was cancelled after the mice returned to a 
normal light-dark cycle for 2 additional weeks. These results suggest that prediction error 
responses in PPC require previous experience. Clustered protocadherins (cPcdhs) comprising 
cPcdh-α, β, and -γ, encode a large family of cadherin-like cell-adhesion molecules specific to 
brain. Both of the prism-induced depression in V1 and the prediction error responses in PPC to 
the anti-phase combination of visual and whisker stimulation were impaired in mice with 
reduced cPcdh-α diversity. These results strongly suggest that the molecular diversity of cPcdh-α 
is important for the experience-dependent PPC functions to produce prediction errors. 
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Title: Multisensory versus unisensory integration: cooperation vs. competition 
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Neurobio. & Anat., Wake Forest Sch. of Med., Winston Salem, NC 

Abstract: Although multisensory superior colliculus (SC) neurons are best known for their 
ability to integrate signals across modalities (multisensory integration), they also integrate cues 
within a given modality (unisensory integration) - but these yield different products. Whereas 
two spatiotemporally concordant cross-modal cues evoke an enhanced physiological response, 
two synchronized and spatially proximal within-modal (e.g., visual) cues typically yield no 
enhancement. The response is no greater than the response to one of the cues alone. It is as if the 
unisensory integrative mechanism “discards” one of the two inputs. This contrast in the 
multisensory and unisensory computations is poorly understood. One possibility is that the non-
enhancement in unisensory “integration” merely reflects the limited bandwidth available within a 
single sensory channel. However, the present study supports the idea that integration is taking 
place in both cases but using entirely different computational mechanisms. Individual 
multisensory SC neurons were tested with multiple spatially-aligned visual (V1, V2) and 
auditory (A) cues presented individually and in combination at multiple stimulus onset 
asynchronies. Responses to the cues presented individually (V1, V2, A) and in different 
combinations (V1A, V2A, V1V2) were compared in a moment-by-moment analysis. Whereas 
multisensory integration characteristically evoked large enhancements early in the response 
window (the IRE, or initial response enhancement), responses to within-modal pairs (unisensory 
integration) were equivalent to those evoked by an individual cue at each moment in time. When 
the within-modal cues (i.e., V1V2) were separated in time, the response profiles revealed the 
engagement of a competitive dynamic that actively suppressed responses to the delayed cue in 
the pair, resulting in an overall response that was not enhanced. Interestingly, similar products 
are obtained with cross-modal cues when a neuron’s multisensory integrative capability is 
impaired. These observations indicate that unisensory integration, like multisensory integration 
(see accompanying posters by Cuppini et al., and Yu et al.), has a native competitive 
computation that is engaged when there are multiple inputs. Only in the case of multisensory 
integration is this native state overridden by experience during development. The result is the 
transition from competition to cooperation in the maturation of multisensory integration. 
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Title: Superadditivity: a defining characteristic of multisensory integration? 
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Abstract: Multisensory neurons in different regions of the brain integrate concordant 
information from multiple sensory sources to enhance responses. This often amplifies the 
physiological salience of biologically significant events and the likelihood of adaptive responses. 
Model areas in which this has been studied in the cat include the midbrain (i.e., the superior 
colliculus, SC) and cortex (the anterior ectosylvian sulcus, AES). The responses to concordant 
cross-modal cues in both regions can exceed the sum of the responses to the individual 
component cues (superadditivity); however, prior work suggests that such products are 
associated with brief, weakly-effective cues. More recently it has been shown that the products 
of multisensory integration are not uniform throughout the course of a response, but are largest 
near its onset, a region termed the initial response enhancement (IRE, see Rowland et al., 2007). 
The IRE coincides with a period in which the behaviors mediated by these circuits (detection, 
orientation, localization) are typically effected. To determine whether, in fact, superadditivity in 
the responses of SC and AES neurons was strictly associated with weakly-effective brief cues, or 
was a more general characteristic of the multisensory transform, the present study examined SC 
and AES neuronal responses to a wide variety of cross-modal stimulus combinations. The results 
demonstrate that a superadditive IRE is a near-ubiquitous phenomenon in both SC and AES 
neurons. It was present regardless of whether or not the cross-modal component stimuli 
employed were highly efficacious, and regardless of the physical properties of these stimuli (e.g., 
moving/stationary, short/long duration, small/large, high/low intensity). These observations 
challenge the notion that superadditivity is only reliably linked to brief, weakly-effective cues 
and reveal that superadditivity (within the IRE) is a hallmark property of multisensory 
integration. The results suggest that the IRE may play a larger sensory and sensorimotor role 
than is currently appreciated. 
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Title: Cross-modal competition: the native multisensory computation 

Authors: *L. YU1, J. XU1, B. A. ROWLAND2, B. E. STEIN2;  
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NC 

Abstract: Multisensory neurons in the superior colliculus (SC) typically integrate 
spatiotemporally concordant cross-modal cues in a synergistic fashion. However, this capacity 
for "multisensory enhancement" only develops after experience with covariant cross-modal cues. 
Prior work has suggested that, in the absence of this experience, the native multisensory 
computation is one that either reflects only the most efficacious component stimulus of a cross-
modal pair or an average of the responses to the two unisensory inputs. The present study 
investigated this phenomenon in visual-auditory SC neurons of animals reared in complete 
darkness (precluding visual-nonvisual experience). The results show that the native multisensory 
computation is neither a "winner take all," nor an “averaging” operation, but a competition 
between the two inputs. This competitive mechanism was revealed only when two stimuli of 
very different effectiveness were combined, and the potency of their competition became more 
evident as the difference in their effectiveness increased. At very different effectiveness levels 
the multisensory response became significantly lower than the most effective unisensory 
comparator response, revealing an operation very much like the inhibitory (i.e., competitive) 
interactions between spatially disparate stimuli seen in normally-reared animals. In short, all 
multisensory SC neurons at all stages of life may be capable of integrating cross-modal cues, but 
with different operational principles. The multisensory maturational process, via the acquisition 
of cross-modal experience, appears not to reflect the construction of a computation from a “blank 
slate,” but rather a transition from one of competition to one of cooperation. In this way SC 
neurons, and presumably multisensory neurons elsewhere in the brain, become capable of 
identifying the common origin of cross-modal signals. By then enhancing their access to the 
sensorimotor circuitry of the SC, they also enhance the likelihood of an SC-mediated adaptive 
response. 
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Title: The specificity in multisensory learning reveals a native competitive interaction among 
sensory representations. 
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Abstract: The midbrain superior colliculus (SC) integrates information from different senses 
(visual, auditory, somatosensory) in mediating attentive and orientation behaviors. Its trisensory 
neurons are able to integrate information across each of the possible pairings of these modalities, 
thereby facilitating this role to a variety of biologically relevant events. However, these 
integration capabilities are not an inherent characteristic of the SC neuron; rather, they are 
acquired during postnatal life based on experience with cross-modal cues. Recent evidence has 
revealed that neurons do not generalize their experience-based multisensory integration 
capabilities across modality-pairings. For example, experience with visual-somatosensory cues 
confers the ability to integrate information from these modalities, but not from visual-auditory 
cue pairs. Thus, neurons “learn” to integrate information only from those cross-modal pairs with 
which they had explicit experience (Xu et al., 2015). This learning also requires functional inputs 
from association cortex (i.e., the anterior ectosylvian sulcus, AES) (REF). Here we describe an 
artificial neural network model that explains how these phenomena can be implemented within 
the AES-SC circuit. The model is based on a few simple assumptions: 1) all modality-specific 
inputs to SC are mutually competitive by default, 2) tectopetal inputs arising from AES are 
trained by cross-modal experience to bypass this competition, consequently interacting in 
cooperative ways, 3) this training obeys simple Hebbian learning rules, and 4) after training, SC 
responsiveness becomes dominated by these AES inputs. The model was tested for accuracy by 



repeatedly simulating exposure to auditory, visual, and somatosensory stimuli alone or combined 
in all possible modality-pairings. It accurately replicated the empirical findings and suggests that 
the native state is one of cross-modal competition. 
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Title: Seeing with ears, how we create an auditory representation of space with echoes and its 
relation with vision. 
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Abstract: We will present an overview of our works that explore the relation between vision, 
auditory space perception and alternative ways to compensate for the lack of vision. Several 
studies show that vision is essential in the domain of space perception influencing also other 
sensory modalities, a proof is the Ventriloquist effect. Vision can interact with audition even 
when a visual stimulus is not provided during an auditory task, but just observing the setup with 
eyes open can improve audio accuracy. Interestingly we found that the improved performance in 
complex auditory space task occurs already after a brief observation of the environment 
performing the task blindfolded. These findings suggest that vision is important on an on-line 
evaluation of complex auditory cues thanks to an internal representation. Moreover, this 
representation appears to be useful in reverberant environments helping to compensate for the 
mismatching due to the reverberation itself. Another example for the importance of vision in 
space perception is provided by blind people whereas there were found impairments in 
performing complex spatial auditory tasks. These results suggest that the visual system plays an 
important role during development calibrating the audio system in space perception. However 
these impairments are not present in blind people whom have developed echolocation. 



Echolocation is the ability to understand the environment through echoes thanks mainly self-
generated clicks. It has also been shown that echolocation, other than help to have better spatial 
abilities, contributes to functional benefits in real life. Therefore echolocation seems to 
compensate for the lack of vision. For these reasons we decided to teach echolocation to naïve 
sighted people. We started with sighted people testing them in some tasks of echolocation, such 
as depth or detection task. Moreover, we investigate if other than help to understand the external 
space, echolocation could influence the space surrounding the body, as for example the 
peripersonal space (PPS). Our data suggest that sighted people can learn echolocation after a 
brief training. Thanks to this training sighted people, without vision, are able to understand the 
environment and what there is inside. Moreover, echolocation can modify how the PPS is 
perceived. All this information demonstrated how human are sensible to echoes and that spatial 
information can be acquired not using vision, also in people that normally would acquire the 
same information through it. If also sighted people can echolocate it could be developed a 
targeted training to teach echolocation to blind people. 
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Abstract: Background: The visuotactile ventriloquism effect is a recently reported effect 
showing that somatotopic tactile representations (namely, representation of location along the 
surface of one’s arm) can be biased by simultaneous presentation of a visual stimulus in a spatial 
localization task along the surface of the skin. Aim: Here we investigated whether the exposure 
to discrepancy between tactile and visual stimuli on the skin can induce lasting changes in the 
somatotopic representation of space. Methods: We conducted an experiment investigating this 
question by asking participants to perform a localization task that included unisensory and 
bisensory trials, before and after exposure to spatially discrepant visuotactile pairs. Subjects 
localized brief flashes of light and brief vibrations that were presented along the surface of their 
forearms, and were presented either individually (unisensory conditions) or were presented 
simultaneously at the same location or different locations. We then compared the localization of 



tactile stimuli in unisensory tactile conditions before and after the exposure to discrepant 
bisensory stimuli. Moreover, using the Bayesian causal inference model of multisensory 
perception, we examined whether any change in localization performance was best accounted for 
by a change in sensory representations, or a priori biases, or a combination of the two. Results: 
After exposure, subjects did indeed exhibit a shift in their tactile localizations in the direction of 
the visual stimulus that was presented during the exposure phase. Moreover, this recalibration 
was best accounted for by a shift in the tactile representations of space as opposed to a change to 
the prior expectation of the location of the stimuli. Conclusions: These results demonstrate that 
the somatotopic spatial representations are capable of rapidly recalibrating after a very brief 
exposure to spatially discrepant visuotactile stimuli. They also suggest that this change may be 
implemented at the level of the encoding of these tactile stimuli. 
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Abstract: We tested the role of allocentric and egocentric spatial reference frames in the coding 
and updating of object orientation during head motion. When the body is stationary, allocentric 
visual information affects the perception of object orientation. For example, subjects make 
systematic errors in judging the verticality of a line (an estimate of the gravity direction), in the 
presence of a tilted visual frame. However, it is not yet clear how and to which extent subjects 
remember the orientation of this line after intervening head and frame rotation. We examined 
three types of errors subjects could make in this updating task. If subjects anchor the line to the 
visual frame, updating errors will depend on the magnitude of the intervening frame rotation. If 
subjects code the line relative to the head, updating errors will relate to the intervening head 
rotation. If subjects store the line relative to gravity, errors would be linked to their subjective 
vertical, which was measured separately. Ten subjects were asked to remember the orientation of 
a line stimulus, briefly flashed within a tilted frame, while the head was oriented at a clockwise 



roll tilt of 30°. Subjects then rotated their head to upright, and made a two-alternative forced 
choice on whether the orientation of a second line, always flashed in an upright frame, was 
clockwise or counterclockwise relative to the initial line orientation. Furthermore, each subject’s 
subjective vertical was determined through a verticality judgment of a single line in a tilted 
frame, in both the upright and tilted head position. Results show that subjects make systematic 
errors in the updating task. Regression analyses indicate that these errors were related to the 
subjective vertical and the head orientation, but showed no significant relation to the visual 
frame orientation. These findings suggest that subjects represent orientations both allocentrically, 
relative to gravity, and egocentrically, relative to the head in space. Our results support the 
notion that the brain uses multiple reference frames in parallel to code and update visual object 
orientations. 
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Title: Improving visual responses in the superior colliculus by tactile noise 
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Abstract: Recently we demonstrated that an optimal level of tactile noise applied in the human 
finger increases the amplitude of EEG visual evoked potentials (Mendez-Balbuena et al., J 
Neurophysiol.114:2132, 2015). This finding suggested that such increase was produced by the 
synaptic interaction between multisensory neurons located in the superior colliculus. The aim of 
the present study was to examine, in an animal preparation, whether the multisensory neurons in 
the superior colliculus can reproduce such phenomenon. We obtained multiunit recordings of 
neurons from the superior colliculus in three pentobarbital-anesthetized cats. The visual evoked 
responses were elicited by the application of periodic stimuli with a pair of white LEDs. 
Simultaneously, we added three levels of continuous tactile noise on the central pad of the 
hindlimbs by means of a Chubbuck mechanical stimulator-transducer. The waveclus spike 
sorting software was employed to classify the unitary activity of collicular neurons. For all the 
subjects, we found that the total number of neuronal spikes measured from the peristimulus 
histogram exhibited an inverted U-like form as a function of the tactile noise level (i.e., we found 
that there is an intermediate optimal level of tactile noise producing an increase in the firing 
frequency of these collicular multisensory neurons). In order to compare the total number of 
spikes between zero noise (ZN), optimal noise (ON) and high noise (HN), we performed the one-
way repeated measures ANOVA test to examine the statistical significance of the change in the 
total number of spikes between the three conditions (ON, ZN and HN) in the unitary responses 
of 85 neurons. The results showed significant differences between the three conditions 
(p<0.0001). The post hoc Tukey test revealed statistically significant differences between ZN 
and ON (p<0.0001) and between ON and HN (p<0.0001). In contrast, no significant differences 
were found between conditions ZN and HN. Based on these results it is tempting to speculate 
that the multisensory neurons located in the superior colliculus could contribute to the cross-
modal stochastic resonance found in the human EEG recordings during the visuo-tactile 
interaction. 
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Abstract: Cognitive flexibility is a critical component of natural behavior, often impaired in 
neuropsychiatric disorders. When listening, we can choose whether to attend or ignore a sound 
source but the neural mechanisms involved in selective attention are unclear. Here we trained 5 
ferrets to localise auditory (A, noise burst) or visual (V, light flash) stimuli that could occur at 
one of three locations. Trials could be A, V or AV. In the AV condition A and V stimuli were 
presented from separate locations and animals were cued by trial history to localise one modality 
while ignoring the other. Subjects performed extended blocks in which they localised either 
auditory or visual stimuli and reliably switched between A and V localisation over several test 
sessions. 
During task performance, we simultaneously recorded multi-unit activity in primary auditory 
cortex (AC) and frontal cortex (FC) of two ferrets. AC units responded more strongly to auditory 
than visual stimuli with rapid changes in firing at stimulus onset / offset whereas FC units 
responded similarly across modalities with slower modulation in firing rate. To study the effects 
of attention, we compared population activity in FC and AC on correct and error trials when 
animals localized unisensory stimuli or attended to one modality in the AV compound. In AC we 
found little modulation of activity by attended modality but did observe changes in firing rate 
between correct and error trials during anticipatory activity in the 500 ms prior to stimulus onset. 
In FC we observed attentional modulation of baseline activity prior to stimulus onset and also 
following the animal’s response. In each case, modulation was only observed on correct (and not 
error) trials. Furthermore the pattern of attentional effects was consistent with firing patterns for 
unisensory localization. For example, FC activity following behavioral response was greater for 
AV stimuli in attend-A than attend-V conditions, and also greater for A than V stimuli presented 
alone. 
Our findings support a role for frontal cortex in maintaining representations of attended 
modality. In future our recordings offer the ability to study attentional modulation of functional 
connectivity between frontal and sensory cortices at both the level of both single unit activity and 
local field potentials. 
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Abstract: There is a long history of using psychophysical techniques to quantify, understand and 
treat changes in unisensory function that occur during the aging process. While it is well 
understood that sensory acuity declines with age, how the central nervous systems continues to 
integrate multisensory cues with unreliable sensory information available in later life is less 
clear. Perceptual binding of multisensory events occurs within a limited time span known as the 
temporal binding window. It has been shown that the ability to discriminate simultaneity, 
temporal order, and causal relationships among stimuli can become increasingly difficult as we 
age. Failure to correctly identify whether multisensory events occur simultaneously, what their 
temporal order is, or whether they should be causally bound can lead to inaccurate 
representations of the physical world, poor decision-making, and dangerous behaviour. Here I 
review work in our lab that has shown that i) older adults have an extended temporal binding 
window compared to younger adults, but which is task-specific, ii) older adults are less aware of 
the perceived onset of a fall compared to younger adults, and iii) the representation of the 
duration of multisensory events during a fall is distorted during a fall, particularly for older 
adults. These results and future work will be discussed in the context of developing new falls 
prevention assessment techniques to help prevent falls in later life. 
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Abstract: Inefficient multisensory perception of temporally asynchronous stimuli characterises 
older age. The time frame during which proximal information is integrated becomes extended, 
with negative consequences. Older adults, and more so, fall prone older adults, show higher 
susceptibility to the Sound-induced Flash Illusion (SiFI) than young adults, i.e. the illusory 
perception of two flashes when one single flash is presented with two beeps. Neural correlates of 
susceptibility to the illusion are cross-sensory interactions in early visual areas (V1) and Superior 
Temporal cortex. Older fallers who improve their balance with a programme of exergame 
training also show decreased susceptibility to the illusion. The present study aimed at testing the 
SiFI in older adults who are functionally able and regularly exercise to compare them with a 
control group of relatively sedentary older adults. Specifically, we assessed whether one bout of 
exercise improved performance on the SiFI and whether habitual exercise was predictive of SiFI 
performance. Additionally, we tested whether Open skill exercisers (i.e. exercise requiring 
responding to unpredictable environments e.g. aerobics classes, tennis) would show more benefit 
than Closed skill exercisers (i.e. exercise in predictable environments, e.g. swimming, running) 
or controls (e.g. reading club), based on the hypothesis that Open skill exercise provides a more 
stimulating multisensory environment fostering rapid multisensory training and adaptation. Fifty 
community-dwelling participants (17 Open skill; 17 Closed skill; 16 controls) with a mean age of 
69, were tested on the SiFI and the Digit Span Forward test (results not reported here) before and 
after one session of their regular exercise or control activity. A 3 way ANOVA conducted on 
perceptual sensitivity d′ scores with Group, Time and Stimulus Onset Asynchrony as factors 
revealed a Time × Group interaction. Only Open skill exercisers’ sensitivity improved after 
exercise. Random permutation ANOVA confirmed this significant Time × Group interaction. 
Habitual exercise (MET-minute, International Physical Activity Questionnaire Short Form) was 
not predictive of performance after exercise nor did it correlate with overall SiFI sensitivity. 
In conclusion, Open skill exercisers were the only group showing immediate benefits, however 
no correlation with day-to-day exercise was found. This partially supports the hypothesis that 
both arousal and exercise mode contribute to perceptual sensitivity modulation in ageing. Beta 



band activity, which evidence has shown to be modulated by exercise and is associated with 
SiFI, could underlie these effects. 
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Title: Integration of human visual and vestibular heading direction during eccentric viewing 
conditions. 

Authors: *B. T. CRANE;  
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Abstract: Visual heading perception is strongly eye position dependent while vestibular or 
inertial headings are not. This study examined visual and inertial heading integration with 
eccentric eye positions in 5 humans. Experiments had randomly interleaved trials in which eye 
position was centered, 20° left, or right. A fixation was monitored using a binocular video eye 
tracking. The fixation point disappeared during the stimulus and eye position was maintained at 
the location. The stimulus was 2s of visual motion through a star field or analogous inertial 
motion. After each stimulus, subjects reported whether they felt each stimulus was consistent 
with motion left or right of the midline. In the visual only condition with eccentric viewing 
positions the average point of subjective equality (PSE) in which motion was equally likely to be 
perceived as left or right of center was 10° in the direction of gaze. Thus, visual heading 
perception was shifted in the direction opposite gaze, a shift consistent with retinatopic 
coordinates. When the experiment was conducted with an inertial stimulus in darkness, eccentric 
viewing positions had a smaller and opposite effect than they had with visual stimuli. The PSE 
with inertial stimuli in darkness was 5° in the opposite direction of gaze. Since eye position had 
opposite effects on the perceived directions of visual and inertial headings, provided a novel 
method of studying visual-vestibular multisensory integration that does not require the stimuli to 
be artificially offset from each other. Visual and inertial integration was studied by varying the 
coherence of the visual stimulus. When a 90% visual stimulus was used with an concurrent 



inertial stimulus the PSE was shifted 7° in the direction of gaze, which dropped to 3° for 50% 
coherence, and -3° at 35%. Thus decreased visual coherence caused the heading perception to 
shift towards what was observed with a purely inertial stimulus. These findings were consistent 
with a Bayesian integration at low visual coherence but suggested closer to ideal performance 
that Bayesian predictions at high visual coherence. 
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Abstract: Background: In order to integrate sensory information across modalities into coherent, 
unified percepts, our nervous systems rely on the timing of sensory inputs. The temporal fidelity 
of sensory processing, however, declines with age, which has been hypothesized to result in 
decreased multisensory integration in older adult. Furthermore, sensory perception is the 
building block of myriad cognitive functions, and impairments in sensory processing, including 
those associated with healthy aging, can subsequently impact those cognitive functions. 
Methods: To test the impacts of decreased temporal precision associated with healthy aging, we 
ran participants (18-79 years old, N = 48 with data collection ongoing) through a, extensive 
battery of perceptual and cognitive tests. First, participants’ multisensory temporal fidelity was 
tested with a simultaneity judgment task used to extract each individual’s “temporal binding 
window” (TBW), or the window of time within which an auditory and visual stimulus are bound 
into a single unified percept. As a measure of audiovisual integration, the well-characterized 
McGurk Effect was used, in which participants integrate a visual “ga” with an auditory “ba” to 
perceive the syllable “da.” Finally, a number of cognitive tests were conducted, including the 
Buschke Selective Reminding Task, Choice Reaction Time, Critical Flicker Fusion, and 
Connor’s Continuous Performance Task. 
Results: Older adults showed significant decreases in multisensory temporal fidelity, indexed by 
wider TBWs. Additionally, older adults showed decreases in multisensory integration, as 
indexed by the McGurk effect. Importantly, correlations showed that, in older adults, decreases 
in temporal fidelity were correlated with decreases in multisensory integration (p = 0.02, r=0.41). 
Within older adults (45-70 years old), hierarchical clustering analysis demonstrated links 
between these perceptual processes and higher-order cognitive measures. For example, 
audiovisual temporal processing was linked to performance on the Selective Reminding Task. 
Implications: These results suggest that changes in multisensory temporal fidelity commonly 
observed in healthy aging can have downstream impacts not only on perceptual abilities such as 
multisensory integration of speech signals, but also on higher-order cognitive processes. 
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Title: Event-related potentials associated with somatosensory interaction with audio-visual 
speech processing 
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Abstract: Speech perception is an interactive process involving both the auditory and visual 
modalities. Recent studies demonstrate that somatosensory input can also influence the process 
of auditory speech perception (Ito et al. 2009; Gick and Derrick 2009). However, it is unknown 
whether and to what extent somatosensory inputs modulate audio-visual speech perception. To 
address this question, we explored the neural consequence of somatosensory interactions with 
audio-visual speech processing under audio-visual speech processing conditions. Specifically, 
using the McGurk effect (the perceptual illusion that occurs when the auditory component of one 
sound is paired with the visual component of another sound, leading to the perception of a third 
sound) we assessed whether somatosensory orofacial stimulation influenced event-related 
potentials (ERPs) during audio-visual speech perception. We recorded ERPs from 64 scalp sites 
in response to audio-visual speech processing and somatosensory stimulation. We applied an 
auditory stimulus /ba/ synchronized with the video of congruent facial motion (the production of 
/ba/) or incongruent facial motion (the production of the /da/: McGurk condition). The congruent 
and incongruent audio-visual stimulations were randomly presented with and without 
somatosensory stimulation associated with facial skin deformation. We recorded ERPs under 
auditory alone, somatosensory alone, and auditory-somatosensory stimulus conditions. The 
subjects were asked to judge whether the production was /ba/ or not. We observed a clear 
McGurk effect in the behavioral responses with the subjects identifying the sound as /ba/ in the 
congruent audio-visual condition, but not in the incongruent condition. Concurrent 
somatosensory stimulation modified the ability of participants to correctly identify the 
production as /ba/ relative to the non-somatosensory condition. We found ERPs differences 
associated with the McGurk effect in the presence of the somatosensory conditions. ERPs for the 
McGurk effect reliably diverge around 280 ms after stimulation onset. The results demonstrate a 
clear multisensory convergence of somatosensory and audio-visual processing in both behavioral 
and neural processing and suggest that somatosensory information encoding facial motion also 
influences audio-visual speech processing. 
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Abstract: Introduction: Healthy adult systems rely upon a balance of sensory inputs to 
maintain strong posture and locomotion. This finely turned feedback is the result of contributions 
from our visual, auditory, vestibular and proprioceptive systems. This crucial balance is often 
altered as a result of pathology or extended time spent in space. Therefore, there is a direct need 
for techniques designed to discover effective locomotor restoration. The purpose of this study 
was to determine the degree to which injected colored rhythms can effect spatio-temporal gait 
patterns of healthy young adults via visual and auditory stimuli. 
Methodology: This project utilized Virtual Reality technology along with auditory afferent 
feedback to affect spatio-temporal gait patterns in healthy young adults. Subjects participated in 
either visual or auditory groups. The former walked on a treadmill tied to optic flow presented 
via Virtual Reality technology. The optic flow was comprised of a simulated walkway which 
required subjects to make heel contact with their right foot with the incoming virtual tiles. The 
latter group also walked on a treadmill, but without any optic flow. They instead listened to an 
auditory stimulus to which they were instructed to match right heel strikes with the auditory 
beats. Both the visual and auditory stimuli were presented to the participants in three different 
noise structures: pink, white and periodic. Sample Entropy of spatio-temporal data was used to 
assess the ability of the individuals to flexibly alter the structure of their gait to match the 
sensory stimuli. 
Results: Significance was found to exist in the spatial domain of step length during the auditory 
stimulus between both the pink and white noise structures (p<0.045), as well as the white and 
periodic (p<0.046). Differences within the temporal domain of stride time in the auditory 
stimulus did not reach significance. Significant differences were not found to exist in either the 
temporal nor spatial domains of the visual stimulus. Upon further analysis, half of the 
participants in the visual condition responded differently than the other half. 
Conclusions: The results from this project illustrate that auditory stimuli with characteristic 



temporal structures enable entrainment more than visual stimuli. This may be because visual 
stimuli demonstrate strong individualistic patterns. 
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Title: Prestimulus beta-band power predicts perception of the sound-induced flash illusion on a 
trial-by-trial basis 
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Abstract: The sound-induced flash illusion (SIFI) is a well-known example for the influence of 
auditory information on visual perception. Presenting multiple auditory stimuli alongside a 
concurrent single visual stimulus can induce the illusory perception of multiple visual stimuli. 
Interestingly, the perception of the illusion fluctuates between trials, resulting in a bistable 
multisensory perception. Recent research identified a number of possible cortical mechanisms to 
explain the occurrence of the illusion. We, and others, have suggested that alpha-band power in 
visual cortical areas and beta-band power in the superior temporal gyrus predict the perception of 
the SIFI. Furthermore, neurotransmitter concentration in the latter cortical area significantly 
correlates with the SIFI perception. Moreover, it was recently proposed that the individual alpha-
band frequency predicts the SIFI perception. These findings suggest an essential influence of the 
cortical state prior to stimulus onset on subsequent perception. 
In the current experiment, we went beyond the broad dichotomy of illusion versus veridical 
perception. We assessed the relationship between oscillatory neural activity prior to stimulus 
onset and the subsequent perception on the single trial level. To this end, we recorded high-
density EEG from 26 subjects and analyzed oscillatory neural activity between 5 and 40 Hz in 



the 500 ms interval prior to stimulus onset. Subsequently, we computed a binomial regression 
between single-trial oscillatory neural activity and upcoming perception in each subject. 
Across subjects, we found that beta-band power and, to a lesser extent, alpha-band power predict 
the perception of the SIFI on a trial-by-trial basis. Our results thus corroborate previous findings 
on the crucial influence of the prestimulus cortical state, as reflected in oscillatory neural 
activity, on upcoming perception. Importantly, by showing a close link between oscillatory 
neural activity and perception on a trial-by-trial basis, the current results extend our knowledge 
on the relationships between cortical states and perception. 
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Abstract: Neural oscillations serve many purposes in the human brain, including the integration 
and routing of information across cortical areas. Previous research has also demonstrated the 
behavioral relevance of pre- and poststimulus neural oscillations in various frequency bands, 
such as delta, alpha, beta, and gamma oscillations. Thus far, it is not well understood how 
prestimulus high gamma power (> 80 Hz) relates to behavioral outcomes. In this intracranial 
EEG study we investigated how pre- and poststimulus gamma and high-gamma power in the 
sensorimotor cortex affects response speed to visuotactile target stimuli. Three epilepsy patients 
with subdurally implanted electrode arrays were presented with brief unisensory visual, 
unisensory tactile, or bisensory visuotactile stimuli via LEDs and solenoid tappers mounted to a 



handheld foam cube. Alternating between blocks, individuals were instructed to respond either to 
visual or tactile inputs of unisensory or bisensory stimuli. For each individual, single-trial time-
frequency resolved correlations between oscillatory power and response times were calculated 
using permutation tests with cluster-based correction for multiple comparisons. In all patients, 
increased prestimulus gamma power (about 60-140 Hz) in the sensorimotor cortex contralateral 
to the stimulated hand predicted longer reaction times to visuotactile stimuli when attention was 
directed to the visual modality. Prestimulus gamma power did not consistently correlate with the 
behavioral responses when paying attention to tactile stimuli. When analyzing the relationships 
between poststimulus power and response times a more heterogeneous pattern of positive and 
negative relationships across electrode sites emerged. Interestingly, the patterns of relationships 
between poststimulus power and behavioral responses were similar for the two attention 
conditions. We conclude that prestimulus gamma and high-gamma power in the sensorimotor 
cortex impedes responses to visual inputs of visuotactile target stimuli. Our study provides 
evidence for the behavioral relevance of prestimulus high gamma power in the processing of 
multisensory visuotactile stimuli. 
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Abstract: Human perception includes redundant information across multiple sensory systems, 
for example, when recognizing objects. The present study tested whether tactile vibration 
frequency processing assesses overlapping neural systems with those involved in sound and 



visual frequency processing. We measured tactile discrimination thresholds for vibrating stimuli 
(either 25, 30 or 200Hz) in a 2IFC task. Each trial was preceded by an adaptation phase in which 
either nothing (baseline), a flickering checkerboard (visual adaptation) or a sine tone (auditory 
adaptation) was presented for 12 seconds. Adapting stimuli always had a frequency of 25 or 
30Hz. Tactile frequency discrimination performance within the same frequency range as the 
adapting stimulus was improved both in visual and in auditory conditions compared to the 
baseline condition. In contrast, tactile frequency discrimination performance for the 200Hz 
standard did not significantly differ between conditions, demonstrating frequency specificity of 
the adaptation effect. Adapting to frequency modulated visually and auditory stimuli induced 
frequency specific changes in tactile frequency discrimination suggesting overlapping neural 
representations of frequency across tactile, auditory, and visual modalities. 
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Abstract: Event-related potentials (ERP) are attenuated if the eliciting event was preceded by 
another event processed in overlapping neural circuits. These refractory effects (RFE) have been 
observed within and across sensory systems and can be used to assess intra- and multisensory 
processing capacities. Indeed, previous work has demonstrated quicker recovery of visual ERPs 
in congenitally deaf individuals, which was interpreted as evidence for compensatory changes 
within the visual system. In the present study, we assessed auditory, visual, and crossmodal RFE 
in a group of congenitally deaf recipients of a cochlear implant (CI). We expected larger 
crossmodal RFE for auditory stimuli following a visual stimulus but a lack of or reduced 
crossmodal RFE for visual stimuli following an auditory stimulus, which would indicate 
persisting changes in the crossmodal balance of cortical processing. Brief (50 ms) white noise 



bursts and light flashes were used as standard stimuli. They were presented with an inter-
stimulus interval (ISI) of either 1,000 or 2,000 ms. Mean amplitudes of auditory and visual ERP 
recorded from midline electrodes were analyzed as a function of group, electrode site, preceding 
ISI (short vs. long), and modality of the preceding stimulus (same vs. different). Both CI users 
and controls displayed unimodal and crossmodal RFE for auditory as well as visual ERP. These 
results suggest a recovery of multisensory interactions between the auditory and visual system 
despite transient auditory deprivation from birth. 
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Abstract: The neural activity in the dorsolateral prefrontal cortex (DLPFC) has been associated 
with information integration across sensory modalities. Connections between the DLPFC and 
sensory cortices of different sensory modalities subserve the integrative function of the DLPFC. 
However, the causal role of the DLPFC in cross-modal working memory (WM) has not yet been 
established, and it is also unclear how top-down signals from the DLPFC influence activity of 
bilateral primary somatosensory cortices (SIs) in tactile-visual cross-modal WM. In the present 



study, we applied single-pulse transcranial magnetic stimulation (sp-TMS) to certain cortical 
areas of human participants at various time points, while they performed a tactile-visual delayed 
matching-to-sample task with a 2-second delay. sp-TMS over the contralateral DLPFC and 
contralateral SI at both an early sensory stage, 100ms after the onset of vibrotactile stimulation 
(200-ms duration), and an early maintenance stage, 300ms after the onset, significantly impaired 
the accuracy of task performance, and sp-TMS over the contralateral DLPFC and ipsilateral SI at 
a late maintenance stage (1600ms and 1900ms) also significantly disrupted the accuracy. 
Furthermore, significant correlations were observed between deteriorating effects of sp-TMS at 
300ms over the contralateral SI and contralateral DLPFC on task performance. Taken together, 
these results indicate that the DLPFC plays an essential part in tactile-visual cross-modal WM, 
and cooperates with the contralateral SI in the early delay, and with the ipsilateral SI in the late 
delay respectively. 
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Abstract: The posttraumatic chronic condition of the spinal cord usually results in a variety of 
impaired movement and alteration of muscle tone. In this study, we describe modification of the 
central state of excitability of the spinal cord below the level of lesion. Therefore, we 
conditioned the lumbosacral spinal network using transcutaneous electrical stimulation of the 
posterior roots. For activation of the lumbosacral segments, we used for electrical stimulation 
surface electrodes on the T11-T12 vertebrae referenced to large paraumbilical electrodes. The 
sustained external input was applied using a “low” (5 - 50 Hz) or “high” (50 - 100 Hz) 
stimulation rate. 
In five subjects (1 female) with chronic, traumatic, motor complete spinal cord injury we applied 



a conditioning paradigm. We used two different test inputs for analyzing the modification of the 
central state of excitability. First, externally evoked posterior root reflexes (PRR) elicited by 
transcutaneous spinal cord stimulation and passive multi-joint hip and knee flexion for “low” and 
“high” stimulation rates, respectively. 
In the major leg muscles, the motor output was recorded electromyographically by surface 
electrodes. In the case of “low” frequency stimulation, the analysis reveals a facilitation or a 
suppression of PRR responses in respect of different rates of the applied conditioning 
stimulation. Nevertheless, the effect on modification of the central state of excitability can also 
vary within different muscle groups of the same subject. For sustained stimulation rates higher 
than 50 Hz, a clear suppression of the motor output can be observed in subjects with increased 
central state of excitability during a passive motor task. In this cases, the activation of the leg 
muscles is nearly complete reduced. 
The preliminary results suggest a projection of sensory axons to dorsoventral network that can be 
influenced by different range of stimulation rates. Finally, this study enables a methodology for 
understanding of the pathophysiology of spinal cord injury and restoration of functional 
movement. 
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Title: Internal multisensory stochastic resonance in visual and auditory pathways 



Authors: *I. MENDEZ-BALBUENA1, P. ARRIETA2, N. HUIDOBRO3, E. MANJARREZ3;  
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Abstract: The aim of the present study was to demonstrate the electrophysiological occurrence 
of the internal multisensory stochastic resonance in the visual and auditory sensory modalities. 
We performed two experimental conditions (EC) in eight subjects; i.e., we applied, to both left 
and right eyes and ears: continuous visual noise of constant intensity versus continuous auditory 
noise of different amplitude levels (EC1), as well as auditory noise of constant intensity versus 
continuous visual noise of different amplitude levels (EC2). We examined whether a particular 
modulated Gaussian noise level can improve the EEG coherence. To quantify the EEG 
coherence we measured the area under the coherence curve above the significance level. The 
frequency window was 1-45 Hz. In order to obtain a general measure of the change of EEG 
synchronization in a particular level of noise, for each of the 30 electrodes we summed up all 29 
possible combinations of pairwise coherence. For each noise level we subtracted the 
corresponding value to zero noise (ZN). We defined this number as the global weighted 
coherence relative to ZN (GRWC). We found that the GRWC values for all the subjects 
exhibited and inverted U-like function of the noise intensity. We compared the GRWC between 
low noise (LN), optimal noise (ON) and high noise (HN). The mean percentage of change in 
EC1, between LN and ON, was 1347.2 ± 578.2 % (mean ± SE), and in EC2 was 371.9 ± 139.5 
% (mean ± SE). We performed the nonparametric Friedman test to examine the statistical 
significance of the change in the GRWC, between LN, ON and HN conditions. For EC1, the 
results showed significant differences between the three conditions: (Ch2 (2)=12.2, p<0.002). 
The post hoc Wilcoxon test revealed statistically significant differences between LN and ON 
(p<0.004) and between ON and HN (p<0.004). For EC2, the results also showed significant 
differences between the three conditions: (Ch2 (2)=13, p<0.002). The post hoc Wilcoxon test 
revealed statistically significant differences between LN and ON (p<0.008) and between ON and 
HN (p<0.006). In contrast, in both EC, no statistically significant differences were found 
between LN and HN conditions. Our electrophysiological study extends the psychophysical 
experiments by Manjarrez et al., (2007) in the context of an EEG paradigm. Furthermore it 
shows that the EC1 is more effective to produce a higher GRWC than the EC2. Our results 
demonstrate that visual and auditory noise could potentially modulate the EEG coherence 
amplitude by following the principles of the multisensory stochastic resonance phenomenon. 
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Title: Effect of an olfactory stimulus on color perception 
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Abstract: Olfactory perception is known to be altered by observing different colors. Conversely, 
few studies have investigated whether visual perception is influenced by olfactory inputs. As 
color perception is generally less stable than other types of visual perception, we hypothesized 
that the perception of specific colors would be enhanced by olfactory input. To test this 
hypothesis, we analyzed event-related potentials (ERPs) in the brains of subjects presented with 
different color-odor combinations. Twenty volunteers (ten females) with normal color vision 
were tested under two conditions, control and odorant, the order of which was randomized. In the 
odorant condition, 0.1% decanal (vol/vol)—perceived as a citrus-like smell and associated with 
orange colors by 7/12 students—was volatilized in the experimental room. In both conditions, 
participants were required to state what color was presented in the preceding 1.5 s. Each 
participant viewed four types of color groups (orange, green, blue, and pink), each consisting of 
five color phases equally spaced by 10 degrees of hue angle, as specified in CIELAB color 
space. The ERPs of each participant were recorded using electroencephalography throughout the 
experiment. A positive peak was observed around 300 ms (p300-like component), just after the 
participants started to report the color. The mean amplitude of the p300-like component 
measured under the odorant condition was significantly smaller than that obtained in the control 
condition. In addition, within the odorant condition, the mean amplitude was significantly 
smaller in response to the orange group compared to the other color groups. Contrary to our 
hypothesis, the results indicate that the citrus-like smell suppressed the p300-like component in 
response to the orange group. We suggest that cross-modal interactions between visual and 
olfactory senses can influence (occasionally decrease) the perception of specific colors that are 
co-presented with a smell. 
This work was supported by the Qdai-jump Research Program, Grant Number 27818, and the 
Kobayashi International Scholarship Foundation. 

Disclosures:  K. Tamura: None. T. Okamoto: None. 



Poster 

621. Multi-Sensory Integration: Crossmodal Processing in Humans II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 621.11/SS2 

Topic: D.09. Multisensory Integration  

Support: Acknowledgement: This study was supported by the European Research Council 
(ERC-2009-AdG 249425-CriticalBrainChanges). 

Title: Visuo-tactile motion processing in congenitally deaf humans 
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Abstract: Sensory deprivation has been shown to partially have a strong impact on the 
development of the spared modalities. However, to date, little is known about the impact of 
auditory deprivation on the development of multisensory processing. In the present study, we 
investigated the consequences of congenital deafness on the processing of visuo-tactile motion 
stimuli. To this aim, we recorded the event-related potentials (ERPs) in congenitally deaf signers 
(N = 21) and matched hearing controls during a visuo-tactile motion discrimination task. The 
visual and tactile stimulators were either moving congruently, that is, both moving upwards or 
downwards, or incongruently, that is, one stimulus moving upwards, the other downwards. The 
motion of standard stimuli was continuous, while deviants included an interrupted motion in one 
of the two modalities. Participants had to respond to rare deviants in both modalities, but only to 
those going into a specific direction. We expected an enhanced behavioral performance in the 
deaf group compared to hearing controls. Furthermore, we hypothesized to find a more anterior 
distribution of the ERPs in the deaf group compared to the hearing group after the visuo-tactile 
stimulation, indicating crossmodal plasticity. Deaf individuals committed more false alarms in 
the incongruent motion condition. In the ERPs to standard stimuli, the deaf group displayed a 
more anteriorly distributed potential compared to the hearing controls at a time window around 
150 ms after stimulus onset. Moreover, we observed a delayed effect of motion congruency in 
the ERP of the deaf group compared to the hearing control group. These results suggest 
crossmodal reorganization - namely, an enhanced responsiveness to dynamic visuo-tactile 
stimulation in auditory areas - and an altered timing of the multisensory processing of motion 
direction after congenital deafness. 
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Title: Rapidly induced auditory plasticity by imagined visual stimuli 
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Abstract: The spatial recalibration of auditory perception that follows exposure to synchronous 
but spatially discrepant audiovisual stimuli—the ventriloquism aftereffect—has become a classic 
demonstration of the plasticity of the auditory system. This recalibration in auditory perception is 
considered to be an adaptive response that results from the repeated translocation of auditory 
stimuli towards the spatially discrepant visual stimuli. Recent evidence suggests that visual 
mental imagery can also lead to a translocation of perceived auditory stimuli (Berger & Ehrsson, 
2013, 2014). In light of these findings, we investigated whether imagined visual stimuli led to the 
same rapidly induced auditory plasticity as real visual stimuli in four separate psychophysics 
experiments (n = 96). In our main experiment, we examined whether imagining a visual stimulus 
(white disk; visual angle = 1.72°) at the same time as a white noise burst (50 ms; rise/fall time = 
5 ms) repeatedly for 30 s exposure periods led to a significant shift in the participants’ point of 
subjective equality (PSE) of spatially localized auditory stimuli during subsequent test phases. 
We found a significant leftward shift in the participants’ PSEs during post-exposure phases when 
the participants imagined visual stimuli in the center of the screen and the auditory stimuli were 
simultaneously presented 8° to the left during the exposure phases (i.e., rightward adaptation); 
and we found a significant rightward shift in the participants’ PSEs when the auditory stimulus 
was presented 8 ° to the right during the exposure phases (i.e., leftward adaptation), compared to 
a control condition in which imagined visual stimuli and real auditory stimuli were presented in 
the center [F(2, 46) = 15.29, p < .001, η2

G = .17]. This result was consistent with a ‘real’ visual 
stimulus version of the experiment in which the visual stimuli were actually presented rather than 
imagined [F(2, 46) = 26.76, p < .001, η2

G = .25], and a comparison of the effect between the real-
stimulus and imagined stimulus experiments revealed that there was no significant difference in 



the ventriloquism aftereffects for these experiments [t(46) = .067, p = .504]. Furthermore, a 
control experiment revealed that the visual imagery-induced aftereffect did not transfer across 
different sound types (ps > .05). This result was consistent with findings from an additional 
control experiment using real visual stimuli as well as findings from previous studies. These 
findings are the first to demonstrate the cross-modal plasticity of our perceptual systems induced 
by mental imagery. 
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Abstract: Previous research suggests that the prefrontal cortex contributes to attention-related 
disinhibition of movement-related gating in the primary somatosensory cortex. Brown et al. 
(2015) provided evidence for this phenomenon by demonstrating that continuous theta burst 
stimulation applied over the dorsolateral prefrontal cortex results in an impaired ability to 
disinhibit task-relevant somatosensory information. Currently however, the precise stages of 
processing for these attentional and movement-related modalities are not well defined. We 
hypothesized that when attention is directed away from the somatosensory modality or 
somatosensory feedback is not task-relevant, gating would be enhanced. Conversely, when 
attention is directed towards the somatosensory domain or somatosensory feedback is task-
relevant, we predicted a release of gating would occur. Somatosensory evoked potentials (SEPs) 
were elicited via median nerve stimulation at the wrist, and measured using EEG over the 
contralateral somatosensory cortex in five experimental conditions. In a baseline condition (rest), 
SEPs were evoked while participants maintained a neutral wrist position with no specific 
instructions for directing their attention. A passive movement condition was included to assess 
task-irrelevant movement-related gating. In this condition, SEPs were recorded while 
participants’ stimulated wrists were moved through a random pattern of flexion/extension 



movements within a 60-degree range. In an active tracking condition, participants’ stimulated 
wrists were similarly passively moved through a range of flexion and extension movements for 7 
seconds. Participants were then required to actively mirror the movements with their opposite 
limb, facilitating a measure of task-relevant movement-related gating. In a counting condition, 
participants counted the total number of stimulations received at rest, requiring an attentional 
focus on the somatosensory modality without a motor task requirement. Conversely, in a visual 
condition, participants attended to and traced a visual waveform presented on a screen using a 
wrist movement device to control a cursor, while receiving stimulation. Preliminary results 
provide evidence for attentional and movement-related modulation of somatosensory afferents in 
both the primary (N20-P27) and secondary (P100) somatosensory cortices, consistent with our 
hypotheses. These findings will provide a greater understanding of the somatosensory gating 
process, and be used for the investigation of post-concussive alterations. 
Brown et al. (2015). Exp Brain Res, 233(3), 927-936. 
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Abstract: Sensory motor circuits in the spinal cord are constructed with a fine specificity that 
coordinates motor behavior. Analysis of the dorsoventral connectivity patterns in an animal 



model showed that the projections of sensory axons to discrete dorsoventral domains of the 
spinal cord without regard for motor neuron subtype or the presence of motor neurons [1]. By 
implications, the clustering and dorsoventral settling position of motor neuron pools serve as a 
determinant of the pattern of sensory input specificity and thus motor coordination. The 
mechanisms that direct sensory connections with their motor neuron pattern remain unclear. In 
this study, patterns of spinal sensory-motor output initiated by epidural spinal cord stimulation of 
lumbar posterior human cord determinant of the patterns of sensory inputs rate and strength. 
Six subjects (two females) with chronic, traumatic, motor complete spinal cord injury were 
studied. The injury level was between Th2 and Th6. The epidural spinal cord stimulation 
consisted of a cylindrically shaped electrode array and a pulse generator (Pisces-Quad electrode, 
Model 3487A and Itrel 3, Model 742, Medtronic Inc., Minneapolis MN, USA). Across subjects, 
the rostrocaudal positions of the electrodes ranged from vertebral levels Th11-L1. The motor 
output was recorded electromyographically in the major leg muscle. For analysis, the root mean 
square value (ERMS) of the signal was calculated in a window of 3 s. 
The ERMS was facilitated in all muscle groups by 66.3% between a stimulation rate of 2.1 Hz and 
10 Hz. Above 10 Hz, the modification of the motor output with increasing stimulation rates 
showed a progressive suppression. Therefore, the ERMS declined around 19%, 51% and 66% for a 
stimulation rate of 16, 20 and 30 Hz, respectively. At a sustained stimulation of 100 Hz, the 
responses were nearly diminished. 
In our human data, we have found crucial evidence of consistently reproducibly patterned 
response. In contrast, the animal research has different motor behavior, but it predicts some 
interesting cluster activity which we interpret in our subjects without variability. Moreover, if 
this pattern response is augmented or suppressed, we can demonstrate the same effect on the 
result of independent motor unit’s activity from background activity. 
Intriguing differences between results and the insights gathered gives us the opportunity to 
discuss the significance of the patterned response modifying the motor control in spinal cord 
injury subjects. 1. Sürmeli G. et al. 2011, Cell, 147(3):653-65 
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temporal sulcus 
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Abstract: Speech perception is a multisensory process entailing the use of both visual 
information from the talker's face and auditory information from the talker's voice. Posterior 
temporal cortex, comprising superior temporal sulcus and superior temporal gyrus (pSTS/STG), 
is thought to be a key brain locus for the integration of visual and auditory speech information. 
However, we know relatively little about the neuroanatomical organization of this region that 
enables integration. Previous studies have shown that sub-regions of the pSTS/STG show 
preferential responses to different categories of visual stimuli and different categories of auditory 
stimuli, but little is known about the relationship between these different axes of selectivity. In 
natural environments, we usually see visual mouth movements at the same time as we hear vocal 
speech. This association in environment statistics could have neural consequences: we 
hypothesized that regions of the pSTS/STG with a preference for visual mouth movements 
should respond strongly to auditory stimuli, especially speech. As a control, we examined 
regions of the pSTS/STG that previous studies have shown are selective for visual eye 
movements. To test this hypothesis, we used blood oxygenation level dependent (BOLD) 
functional magnetic resonance imaging (fMRI) to scan twenty subjects. In the first experiment, 
we mapped voxels by their visual preference and measured the response to speech stimuli 
consisting of auditory recordings of short stories. In pSTS/STG, visual mouth-movement 
preferring voxels showed greater responses to auditory speech than eye-movement preferring 
voxels (LH: 1.6±0.2% vs. 0.1±0.1%, p<8.6x10-5; RH: 1.2±0.2% vs. -0.2±0.1%, p<4.0x10-6). In 
the second experiment, we compared the response of visual mouth-movement preferring voxels 
to auditory vocal vs. non-vocal sounds. Mouth-movement preferring voxels showed greater 
response to vocal than non-vocal sounds (1.2±0.1% vs. 0.5±0.1%, p=5.9x10−6). Our study 
demonstrates that subregions of the pSTS/STG respond strongly to both visually-presented 
mouth movements and auditory speech, suggesting that these stimulus features are coded 
together in small populations of neurons. 
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Abstract: Humans effortlessly distinguish numerous different categories of material (such as a 
stone, metal, wood etc.) at a glance and can recognize many specific somatosensory feelings at 
the same time. This suggests that information about an object is built by different sensory 
modalities that converge somewhere in the human brain to form representations that are invariant 
to the input modality. The fusiform gyrus (FG) is located between the lingual gyrus and 
parahippocampal gyrus and is primarily involved in the higher function of visual texture 
perception. However, recent neuroimaging studies suggest that the FG represents textures in a 
way that reflects not only visual but also non-visual object properties, such as haptic roughness. 
Therefore, the FG is considered a multisensory hub that plays an important role in haptic-visual 
texture integration/interaction processing. In the present study, we therefore used the modified 
delayed-match-to-sample paradigm to reveal FG activations related to cross-modal interactions 
of haptic-visual roughness matching. Eighteen healthy subjects were asked to remember the 
roughness of the first stimulus (visual or haptic) during an encoding phase and to identify a 
stimulus that was the same or was closely related in roughness to one of five stimuli (visual or 
haptic) during the recognition phase. In essence, the recognition phase consists of a recall of 
information about the roughness of the first stimuli, a comparison of the roughness of the first 
stimulus to the ongoing stimuli and a resolution of a final decision. Therefore, the activations of 
cross-modal tasks (HV, haptic-visual and VH, visual-haptic) compared to the corresponding 
unimodal tasks (VV, visual-visual and HH, haptic-haptic) will reveal cross-modal specific 
activations. The results demonstrated that HV>VV contrast revealed significant activations in the 
bilateral FG that were not apparent in the VH>HH contrast. This finding suggests that the 
bilateral FG of humans mediates roughness information about objects in multimodalities. 
However, bilateral FG activation may be more important for roughness transformation from 
haptic to visual modalities compared to the opposite orientation. 
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Abstract: The feeling of a presence (FoP), the sensation that somebody is nearby when no one is 
actually present, is reported mainly by neurological and psychiatric patients but also by healthy 
individuals facing extreme situations. Recent findings demonstrated that sensorimotor conflicts 
between upper limb movements and somatosensory feedback on the back may induce FoP in 
healthy subjects, suggesting that FoP is caused by misperceiving the source and identity of 
sensorimotor signals of one’s own body. Despite these new insights into the FoP, very little is 
known about its neural basis. Here we applied the same sensorimotor conflict in healthy 
volunteers, while brain activity was measured with a 64-channels EEG. We compared the 
oscillatory power and estimated the inter-site phase clustering by means of the weighted phase-
lag index (wPLI), in response to the condition with a sensorimotor conflict with the condition 
without a sensory motor conflict. Our results indicate a modulation in the alpha frequency band 
(8-11Hz), over the left frontocentral sensors. The functional connectivity analyses indicated a 
desynchronization of the gamma frequency band (31-45Hz), between somatosensory areas and 
frontoparietal areas in the condition with sensorimotor conflict. Collectively, our results provide 
new insights into the neural correlates of the robotically induced psychotic-like state, and 
indicate the frontoparietal cortex as the critical network associated to it. Interestingly, the 
involvement of the frontoparietal areas is supported by previous finding from neurological FoP 
patients, which indicated that the FoP is associated with three distinct brain regions: 
temporoparietal, insular, and especially with the frontoparietal cortex. 
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Abstract: While there is evidence to show early modulation of modality-specific somatosensory 
cortical potentials when two stimuli are task-relevant, less is understood about the cortical and 
behavioural correlates of early modality-specific sensory gating. This study examined attention-
related changes in early somatosensory and visual processing and the effect of an unattended 
sensory stimulus on cortical processing and behavioural performance. For Part 1, it was 
hypothesized that early visual and tactile cortical responses would be diminished when 
unattended; that early cortical responses to task-relevant stimuli would be unchanged in the 
presence of a cross-modal distractor stimulus; and that participants’ ability to accurately grade 
the intensity of stimuli would be consistent whether they were presented alone or with a cross-
modal distractor. For Part 2, it was hypothesized that continuous theta burst stimulation (cTBS) 
to the prefrontal cortex (PFC) would diminish the effect of the attentional gating, resulting in 
similar ERP amplitudes for attended and unattended stimuli. 
Healthy participants underwent two experimental sessions. In the first, electroencephalography 
(EEG) was collected as participants performed a sensory selection task which required graded 
motor responses be made to the amplitudes of episodic visual and tactile stimuli presented 
individually or concurrently. Attention was randomly directed for each block to either visual or 
tactile stimuli, which were presented as single visual, tactile, or simultaneous cross-modal 
stimuli. Event-related potentials (ERPs) were timelocked to visual and tactile stimuli, creating 
attended and unattended stimulus conditions. In the second session, the task was repeated and 
EEG was collected pre- and post-cTBS to the PFC. The somatosensory N70 potential was 
significantly diminished when tactile stimuli were unattended. When visual stimuli were 
unattended, similar attenuation occurred later in the processing stream (visual P2). When 
unattended tactile stimuli acted as distractors, this early gating resulted in unchanged cortical 
responses to target stimuli and no decrease in grading accuracy. Conversely, since early visual 
gating was not observed, presenting these stimuli as unattended distractor resulted in smaller-
amplitude cortical responses to attended stimuli and less accurate grading. This modality specific 



gating was impaired following cTBS to the PFC. This study suggests that early gating of 
unattended stimuli supports modality-specific cortical processing of target stimuli as well as task 
performance. It also suggests a role for the PFC in early attentional gating. 
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Abstract: During speech perception, visual information from the face of the talker can 
compensate for noisy auditory speech. We combined neural recordings from electrodes 
implanted in the brains of epileptic patients (electrocorticography or ECoG) and BOLD fMRI in 
normal subjects, to examine the neural mechanisms of multisensory speech perception. Subjects 
viewed audiovisual words with either clear auditory speech (AV) or noisy auditory speech 
(AnV), identifying the presented words with a button press. In ECoG, electrodes in superior 
temporal gyrus (STG) responded to words with a burst of high-gamma (70-100 Hz) activity. 
Electrodes in the anterior STG (n=16) showed more activity for AV speech while electrodes in 
the posterior STG (n=12) showed more high-gamma activity for AnV speech (Anterior: 
AV=175±40%, AnV=75±10%; Posterior: AV=80±20%, AnV=120±20%, mean±SEM, RM-
ANOVA p=10-5). To verify that the sharp boundary observed was not a result of abnormal brain 
organization in epileptic patients, we performed the same experiment with BOLD fMRI in 
healthy subjects. The same anterior-to-posterior boundary in responses was observed (Anterior: 
AV=0.32±0.02%, AnV=0.22±0.03%; Posterior: AV=0.27±0.03%, AnV=0.32±0.02%, p=10-4). 
Adding noise to the auditory component of speech resulted in weaker responses in the anterior 
STG but not in the posterior STG, possibly because the posterior STG receives more visual 
inputs that compensate for the degraded auditory signals. 
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Abstract: The extent to which atypical sensory experience early in life affects the subsequent 
development of multisensory interactions in humans remains largely unknown. In particular, 
although several studies have assessed the impact of a transient phase of congenital blindness on 
visual motion processing, no study has yet investigated its impact on multisensory interactions 
for motion processing. In the present study, we investigated this question by measuring visual 
and auditory motion aftereffects induced by adaptation to visual or auditory motion in a group of 
six cataract-reversal individuals (aged 16-43 years, M = 28.7, SD = 9.7, 4 females), in a group of 
20 normally sighted controls (aged 15-63 years, M = 23.8, SD = 10.5, 10 females) and in a group 
of five visually impaired controls (aged 34-56 years, M = 43.0, SD = 7.9, 4 females). The results 
revealed no differences between groups in unisensory auditory motion aftereffects, in line with 
previous studies showing no differences in auditory cortical processing of auditory motion 
between sight-recovery individuals and normally sighted controls. By contrast, cataract-reversal 
individuals and visually impaired controls exhibited enhanced unisensory visual motion 
aftereffects, possibly indicating a higher visual cortical excitability in individuals who 
experienced some degree of visual deprivation. Most important, there were no significant 
differences between groups in visually-induced auditory motion aftereffects, indicating that 
visual motion signals were capable of influencing the perception of auditory motion in cataract-
reversal individuals to a similar extent as in normally sighted controls and visually impaired 
controls. Yet, auditory-induced visual motion aftereffects occurred only in cataract-reversal 
individuals - but not in normally sighted controls or visually impaired controls -, indicating that 
only in individuals who lacked appropriate visual input early in life did auditory motion signals 
influence the perception of visual motion. In contrast to what has been reported for audio-visual 
speech perception, the present findings demonstrate a cross-modal influence of vision on 
audition for motion processing in individuals who recovered from a transient phase of congenital 
blindness. Additionally, only in congenital cataract-reversal individuals was visual motion 
processing influenced by auditory motion signals. Since this effect was motion direction specific, 



we speculate about some possibly beneficial effects of cross-modal plasticity associated with the 
period of total blindness on visual recovery within the dorsal processing stream. 
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Abstract: Previous work provided compelling evidence that a long-lasting auditory sensory 
deprivation leads to a cross-modal reorganization of auditory cortex, resulting in increased neural 
responses to non-auditory sensory input and changes in functional and structural connectivity to 
other sensory cortices. Recent data however indicate that such cross-modal neuroplastic changes 
may not only occur following severe and early-onset hearing impairments but rather also 
following moderate degrees of age-related high-frequency hearing loss (presbycusis). We here 
used functional magnetic resonance imaging (fMRI) to investigate how such potential cross-
modal changes affect the processing of audiovisual information in older hearing-impaired 
subjects. 
Older participants (N = 20, 61 ± 5 years) with a varying degree of high frequency hearing loss 
(high frequency threshold range: 10 - 67 dB HL) performed an auditory stimulus categorization 
task, in which they had to categorize rising vs. falling frequency-modulated tones presented 
alone or in the context of matching or non-matching visual motion. A motion only condition 
served as control for a visual take-over of auditory cortex. 
BOLD response amplitudes as well as functional connectivity between auditory and visual cortex 
during audiovisual processing and at rest were analyzed as a function of high-frequency hearing 
thresholds. While hearing loss did not affect BOLD responses to auditory, visual, or audiovisual 
stimuli per se, we observed a significant hearing loss-related increase in functional connectivity 
between auditory cortex and the motion-sensitive visual area MT when processing matching 
audiovisual input. Similarly, resting state connectivity between area MT and auditory cortex 



increased with hearing loss, suggesting a permanent, task-independent change in coupling 
between visual and auditory sensory areas with age-related hearing loss. 
Our data provide first evidence for hearing loss-related changes in cross-modal functional 
connectivity in presbycusis. In line with the view that older hearing-impaired listeners tend to 
make use of additional visual motion cues, like lip-movements, to ease auditory comprehension 
in challenging listening environments, hearing loss specifically modulated the connectivity 
between auditory cortex and area MT, which is involved in visual motion processing, but did not 
affect auditory cortex coupling to earlier visual areas. Our results add up on the increasing 
evidence suggesting that cross-modal neuroplastic changes in the auditory system do not only 
occur in severe hearing impairments with early onsets, but also develop as hearing abilities 
decline in age. 

Disclosures:  S. Puschmann: None. C.M. Thiel: None. 

Poster 

622. Cerebellar Plasticity and the Role of Climbing Fibers 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 622.01/SS13 

Topic: E.02. Cerebellum 

Support: Max Planck Society 

Title: Mechanisms of Purkinje cell-dependent instructive signaling in the cerebellum 

Authors: *A. BONNAN, J. RICHTER, C. A. BAKER, M. M. BOLTON, J. M. CHRISTIE;  
MPFI, Jupiter, FL 

Abstract: The cerebellum is known to play a crucial role in motor learning. Purkinje cells (PC) 
give rise to the sole output of the cerebellar cortex and are therefore pivotal in this process. PCs 
can fire two different types of spikes: simple spikes (SS) in response to parallel fiber (PF) 
stimulation and complex spikes (CS) as a result of climbing fiber input. The CS is a 
multicomponent response that includes a burst of sodium spikes at the soma and a dendrite-wide 
Ca2+ transient. A classic theory of cerebellar function postulates that CFs carry instructive signals 
to PCs that guide learning. However, recent findings indicate that learning may occur 
independent of CF activity suggesting the existence of other candidate instructive signals. To 
study the mechanistic basis of instructive signaling, we used the vestibulo-ocular reflex (VOR), a 
compensatory eye movement in response to head motion that is subject to re-calibration through 
cerebellar-dependent plasticity. We used optogenetics to selectively manipulate PC activity 
during vestibular stimulation and probe for the consequences of this activity by examining the 



gain of the VOR. Using subcellular targeting motifs to limit expression of channelrhodopsin to 
the PC soma, we were able to evoke activity either with or without dendritic Ca2+ influx during 
vestibular stimulation. We found that PC activity associated with dendritic Ca2+ was sufficient to 
induce a change in VOR gain after 30 min of pairing with vestibular stimulation. However 
learning did not occur when Purkinje cells were activated without a dendritic Ca2+ transient. Our 
results suggest that Ca2+ influx in PC dendrites is a key component for learning and point to PC 
dendrites as the initial site of plasticity as predicted by early theories. 
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Abstract: The cellular anatomy is highly uniform throughout the cerebellum, and it has been 
widely assumed that the synaptic physiology is also uniform. In contrast, we report that the rules 
governing the induction of plasticity at an anatomically-defined type of synapse vary 
considerably across different regions of the cerebellum, in a way that appears to be tuned to the 
behavioral function. 
In vivo, cerebellar climbing fibers encode errors during motor learning, and a single spike in a 
climbing fiber triggers a decrease in Purkinje cell firing on the next trial (Medina & Lisberger, 
2008). We found a candidate synaptic mechanism at the parallel fiber-to-Purkinje cell (pf-PC) 
synapses in vitro, where a single pairing of parallel fiber and climbing fiber stimulation induced 
a transient depression of pf-PC synaptic strength. We show that both in vivo and in vitro, this 
single-trial plasticity is narrowly tuned for a climbing fiber delay of 120 ms, which precisely 
matches the delay in climbing fiber responses to errors during oculomotor learning. Although the 



relationship between single-trial and long-term depression (LTD) is not fully understood, we 
found that LTD at these synapses had the same, stringent timing requirements for induction as 
the single-trial plasticity. 
The timing requirements for plasticity in the cerebellar flocculus are unlike those described 
previously anywhere in the brain. There is a narrow window for association (tens of 
milliseconds), as observed for spike timing dependent plasticity (STDP), but, unlike STDP, this 
window is offset from coincident by >100ms. The properties of LTD at the pf-PC synapses in the 
flocculus are also unlike what has been described previously in other regions of the cerebellum. 
In the vermis, for example, which supports a range of functions, the pf-PC synapses have been 
reported to undergo LTD in response to a broad range of climbing fiber delays. Our analysis of 
single-trial plasticity at pf-PC synapses in the vermis suggests that different cells are tuned for 
different climbing fiber delays, so that the population average appears broadly tuned. 
Our results demonstrate that cerebellar synaptic plasticity at parallel fiber-to-Purkinje cells 
synapses does not follow uniform rules for induction, but varies across functionally distinct 
regions of the cerebellum, and that the rules in the flocculus are precisely tuned to the functional 
requirements of the oculomotor learning it supports. 
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Abstract: The cerebellar cortex is necessary for expression and extinction of properly timed 
conditioned eyelid responses (CRs) at different inter-stimulus intervals (ISIs). Cortical 
involvement in expression of CRs is clear, the mechanisms within the cortex supporting 
subsequent extinction and reacquisition of CRs at different ISIs have not been described. 



Relating changes in Purkinje cell (PC) and molecular layer interneuron (MLI) responses to the 
rate of extinction and reacquisition of CRs at different intervals is necessary to establish the 
cerebellar rules governing these processes. Time demands at different ISIs could lead to different 
interactions between PCs and MLIs and the rate of CR extinction observed at short and long 
intervals. Before training a 12 tetrode hyperdrive array was implanted dorsal to the ipsilateral (to 
the trained eye) anterior lobe. Neuronal activity was recorded during initial CR expression and 
extinction with delay conditioning using a 550 ms tone conditioned stimulus (CS) and 50 ms 
periorbital shock (2-3 mA) unconditioned stimulus (US). After initial training with a 500 ms ISI, 
shorter (ISI 250) and longer (ISI 750) intervals were used to investigate interactions between PC 
and MLI responses during extinction and reacquisition. Eyelid PCs were identified by the 
presence of short latency US-evoked complex spikes. Eyelid MLIs were identified by a two step 
process using baseline firing properties and correlation with eyelid CRs. Reacquisition at longer 
ISIs would often show CRs with onsets that matched previous training at shorter ISIs early 
within a session. These CRs influenced by previous short ISI training would extinguish during 
the session. Extinction of CRs at longer intervals (ISI 500 and above) was faster than at shorter 
ISIs. Activity of eyelid PCs and MLI tracked CRs closely during extinction at longer ISIs and 
were more variable at shorter ISIs. These results suggest that time demands on the cerebellum 
during extinction lead to increased variability between PCs, MLIs and the rate of extinction of 
eyelid CRs. 
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Abstract: Zebrin II (ZII, the isoenzyme aldolase C) is heterogeneously expressed by cerebellar 
Purkinje cells (PCs), such that there are alternating sagittal stripes with high ZII 
immunoreactivity (ZII+) interdigitated with stripes where PCs show little or no ZII 
immunoreactivity (ZII-). Within the vestibulocerebellum (VbC) in pigeons (Columba livia), it 
has been shown that a ZII+/- stripe pair constitutes a functional unit, in so far as the complex 
spike activity (CSA) of all Purkinje cells in the stripe pair prefer the same type of optic flow 
stimuli (see Figure). In this report we show that ZII+ and ZII- Purkinje cells show differences in 
the depth of modulation to optic flow stimuli. We recorded the CSA of Purkinje cells in the VbC 
of anesthetized pigeons in response to large (90o horizontal X 75o vertical) drifting sine wave 
gratings moving in 8 different directions (45o apart). For all recordings, the stimulus was 
centered in the frontal part of visual field, and the spatial and temporal frequency were kept 
constant (0.5cpd, 0.5Hz). At some recording sites we made a small injection of a fluorescent 
tracer. At the end of the experiment, the pigeons were perfused, the brains extracted, sectioned, 
and processed for ZII. In this way we determined the ZII signature of each CSA recording site. 
The recordings were analyzed offline using Spike2 and individual cells were isolated based on 
waveform shape and amplitude. Direction tuning curves were constructed using SigmaPlot. We 
found that the depth of modulation was greater for the ZII+ Purkinje cells (p<0.001): the CSA 
was greater to motion in the preferred direction, and there was greater inhibition to motion in the 
anti-preferred direction. We suggest that the difference in modulation is due to a feedback 
mechanism to the inferior olive from the ZII+ Purkinje cells. The ZII+ Purkinje cells tend to 
project to areas of the vestibular nuclei that in turn project to the areas of the inferior olive giving 
rise to climbing fibres to those Purkinje cells. The ZII- Purkinje cells tend to project to areas of 
the vestibular nuclei that do not project back to the inferior olive. 
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Abstract: The investigation of the spatiotemporal organization of neuronal activity in local 
microcircuits requires simultaneous and fast recordings from multiple neurons with a single-cell 
resolution. Although this can be obtained through optical techniques, a parallel signals detection 
requires the presence of multiple confocal excitation volumes that cannot be achieved through 
traditional confocal and two-photon microscopy. The use of a Spatial Light Modulator (SLM) to 
divide a coherent excitation light in multiple diffraction limited focal points, which can be 
configured in different patterns, enabled us to perform optical recordings from different neurons 
simultaneously. We recently developed an SLM-two photon microscope (SLM-2PM) able to 
resolve the spatiotemporal organization of activity in acute cerebellar slices through 
simultaneous calcium signal acquisitions from multiple granule cells (Gandolfi et al., 2014). The 
SLM-2PM was optimized to investigate the effect of a mossy fibers high-frequency stimulation 
protocol (HFS), that is known to induce long-term potentiation and depression (LTP and LTD) in 
the cerebellum granular layer. HFS indeed caused long-term changes of granule cells calcium 
responses (Ca-LTP and Ca-LTD) with impressive variations in signal amplitude (Ca-LTP 
+351.81±19.14% n=25, Ca-LTD -62.86±1.77% n=19, 30 min after HFS). Loose cell-attached 
patch-clamp recordings were performed in order to elucidate the underlying mechanisms. The 
signal variation during Ca-LTP and Ca-LTD showed a similar dependency on the pre-stimulation 
state as observed with loose cell-attached and local field potential measurements (Mapelli and 
D’Angelo 2007, Sola et al. 2004). Interestingly, Ca-LTP amplitude changes were several times 
larger than those reported for synaptic currents measurements (D'Errico et al. 2009). The 
amplitude changes observed in Ca-LTP could be explained by a combination of changes in 
granule cells intrinsic excitability and synaptic transmission leading conjointly to a large increase 
in the probability of spike generation (Armano et al., 2000). 
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Abstract: Almost 40 years ago, as a first year graduate student newly joining the laboratory of 
Dr. Wally Welker at the University of Wisconsin, I had an idea for an experiment. Using high-
density micro-electrode mapping techniques, Dr. Welker and his colleagues had recently 
discovered an unusual ‘fractured’ pattern of tactile afferent projections to the granule cell layers 
of the lateral hemispheres of the rat cerebellum. The maps were of a finer grain than any 
previously recorded and immediately suggested that overlying Purkinje cells would respond, via 
the parallel fibers, to tactile inputs originating from many locations on the body surface. 
Accordingly, I proposed that my thesis be based on constructing an equally fine-grained map of 
Purkinje cell activity in response to the multiple different types of tactile inputs projecting to the 
granule cell layer. In my thesis proposal I suggested that this experiment would be the first in 
vivo study using peripheral stimuli, to examine the expected parallel fiber beams of activated 
Purkinje cells and would therefore, allow direct study, for example, of the Marr/Albus theory of 
parallel fiber learning. Unfortunately, the Purkinje cell responses recorded in those experiments 
strongly and surprisingly suggested that parallel fibers did not directly drive Purkinje cell output 
and therefore, that theories like Marr/Albus theory that are based on strong parallel fiber inputs 
can not be correct. 
This poster presentation will consider the ensuing almost 40 year effort to ignore, discount, 
obfuscate or dismiss this basic experimental result, as well as present the accumulated 
experimental data suggesting that the original result was in fact correct. The poster will also 
consider the implications of these results for theories of cerebellar function, like that of 
Marr/Albus, while also raising the epistemological question as to how neurobiologists can hope 
to make progress in understanding a structure as complex as the human brain, if they are 
unwilling, over 40 years, to question core assumptions about the structural organization of the 
circuits they study. The poster will also consider the benefits and risks of top down theories in 
directing experimental research as well as the potential importance and use of “bottom up” 
models in understand unexpected experimental results. Finally, the poster will describe a 
particular model-based hypothesis for what the parallel fibers may in fact be doing. 

Disclosures:  J.M. Bower: None. 



Poster 

622. Cerebellar Plasticity and the Role of Climbing Fibers 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 622.07/SS19 

Topic: E.02. Cerebellum 

Title: Diacylglycerol kinase gamma contributes cerebellar motor coordination through 
regulation of protein kinase C 

Authors: R. TSUMAGARI1, S. KIKUNAGA1, Y. FUJIHARA2, M. IKAWA2, S. UEDA1, M. 
YAMANOUE1, S. KAKIZAWA3, H. HARA4, *Y. SHIRAI1;  
1Kobe Univ., Kobe, Japan; 2Osaka Univ., Osaka, Japan; 3Kyoto Univ., Kyoto, Japan; 4Gifu 
Pharmaceut. Univ., Gifu, Japan 

Abstract: Diacylglycerol kinase (DGK) is an enzyme that converts diacylglycerol to 
phosphatidic acid, and can attenuate PKC activity. So far, 10 subtypes of mammalian DGKs 
have been identified. Among them, DGKγ is abundantly expressed in neuron, especially in 
cerebellar Purkinje cells. PKCγ is also expressed there and involved in cerebellar motor 
coordination and the morphological control of Purkinje cells. PKCγ directly interacts with and 
phosphorylates DGKγ. Therefore, it is expected that DGKγ has important roles in cerebellar 
motor coordination and the morphology of Purkinje cells. However, the function of DGKγ in 
neuron is still unknown. So, we developed DGKγ knockout (KO) mice and tested their cerebellar 
motor coordination in rotarod test. DGKγ KO mice significantly fell in a short time compared to 
WT, suggesting the impairment of motor coordination. Next, we investigated the morphology of 
cerebellar Purkinje cells by Golgi staining to explore the mechanism underlying the impairment 
of motor coordination. The numbers of branches of cerebellar Purkinje cells decreased in the KO 
mice. In addition, the numbers of branches and length of dendrites in the primary cultured 
Purkinje cells from the KO mice significantly decreased, and the abnormality was rescued by 
PKC inhibitor, GF109203X, treatment. Furthermore, the phosphorylation of PKCγ was elevated 
in cerebellum from KO mice. These results suggested DGKγ contributes cerebellar motor 
coordination through regulation of PKC. 
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Title: Evaluation of roles of cerebellar Golgi and basket/stellate cells in the vestibuloocular 
reflex motor learning: a computational study 
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Abstract: The vestibuloocular reflex (VOR) is one of the most popular model systems to study 
motor learning due to its clear function (stabilization of our vision) and ease in recording its 
input (head rotation) and output (eye movement) signals. The motor learning of the VOR 
requires the cerebellar flocculus. The flocculus receives sensory and motor information via 
mossy and climbing fibers, and outputs motor related activities to vestibular nuclei via Purkinje 
cell axons. Between these inputs and outputs lies a neuronal network containing rich inhibitory 
interneurons such as Golgi, basket, and stellate cells. While most of the previous studies on VOR 
motor learning have focused on responses of Purkinje cells, little attention has been paid to roles 
of cerebellar inhibitory interneurons due to a difficulty in identifying and recording those 
neurons in cerebellar cortex in behaving animals. Herein, we have constructed a computational 
model of the VOR that explicitly implements the anatomically realistic floccular neuronal 
network structure so that activities of each inhibitory interneuron can be evaluated. The model 
also allows us to knock-out any specific interneuron(s) at any timing of VOR motor learning. 
The model consists of 20 Purkinje, 10K granular, 900 Golgi, and 60 basket/stellate cells each of 
which is described as an integrate and fire spiking neuron model. These neuron models are 
connected, preserving convergence/divergence ratios between neuron types (Inagaki et al, 2011). 
As bases of VOR motor learning, climbing fiber spike timing dependent LTD and LTP have 
been implemented at parallel fiber - Purkinje cell synapses. We first confirmed that the model 
reproduces quantitatively eye velocities and Purkinje cell simple spike firing modulations during 
various visual-vestibular mismatch experiments in naïve monkeys, and simulated successfully 
changes in Purkinje cell activities along with VOR gains after prolonged exposure to VOR gain 
up and down paradigms. We then knocked-out Golgi or basket/stellate cells during various 
visual-vestibular mismatch experiments. As predicted, both granule and Purkinje cell DC firing 
rates increased after knocking-out Golgi cells, while only Purkinje cell DC firing rate increased 



after basket/stellate cells knock-out. Interestingly, VOR gain before motor learning was affected 
neither by knocking-out Golgi cells nor basket/stellate cells. These results suggest that the 
interneurons play little role in maintenance of normal VOR, and its major role may be in 
acquisition of new VOR gains. 
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Abstract: Long-term depression (LTD) at parallel fiber to Purkinje cell (PF-PC) synapses in the 
cerebellum has been regarded as a main mechanism for motor learning. Previous studies showed 
the necessity of LTD in motor learning by blocking pathways involved in LTD induction. 
However, some of reported motor learning failures might have been caused not by LTD 
deficiency but by other defects in the cerebellar function. In addition, normal motor learning 
under LTD suppressed conditions was reported. Thus, contribution of cerebellar LTD to motor 
learning has been debated. In order to address this issue in a different aspect, we have tried to 
clarify whether LTD occurred at PF-PC synapse during motor learning in the cerebellum. 
Adaptation of oculomotor reflex has been widely used as a model of cerebellum-dependent 
motor learning. Optokinetic response (OKR) is a type of oculomotor reflex, and works to 
stabilize an image on the retina during movement of a visual field. In order to induce OKR 
adaptation, we applied sinusoidal horizontal rotation of a screen with vertical stripes for an hour. 
During the training, eye movement got faster to catch up the screen movement better. Cerebellar 
flocculus is a regulation center of oculomotor reflex and H-zone in the flocculus regulates 
horizontal OKR, whereas V-zone regulates vertical OKR. After the OKR adaptation training of 
an adult mouse (from 8- to 10-weeks old), we prepared slices from the flocculus and performed 
whole-cell patch-clamp recording from Purkinje cells in H-zone of the flocculus. We failed to 
induce LTD in slices of flocculus prepared from OKR-trained mice, whereas LTD was 



successfully induced in those from untrained mice. There was no significant difference in paired 
pulse ratio of EPSCs at PF-PC synapses, suggesting presynaptic release probability was not 
altered by the training. These results suggest that LTD occured at PF-PC synapses in H-zone of 
the cerebellar flocculus during OKR adaptation training. 
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Abstract: The cerebellum is necessary for precise performance of temporally complex motor 
tasks, such as sequences of movements. However, in common motor tasks several brain regions 
are involved, which makes it hard to isolate the specific cerebellar contribution. Eyelid 
conditioning is a well-establish cerebellar-dependent paradigm, where the movement 
(conditioned response, CR) is entirely driven by the cerebellum. Here we developed a new eyelid 
conditioning training protocol to study how sequences of movements are learned and generated 
by the cerebellum. During the surgery rabbits were implanted with stimulation electrodes in the 
middle cerebellar peduncle and mossy fiber stimulation was used as a conditioned stimulus (CS). 
Previous studies (Kalmbach et. al 2009) have established that if the temporal gap between the 
offset of mossy fiber stimulation CS and the onset of US is larger than 400 ms, animals are not 
able to learn using mossy fiber stimulation as the CS. Using this knowledge, experiments were 
designed to train animals to produce a series of CRs and to determine whether the expression of 
a CR can serve as the CS for a subsequent CR. For that, rabbits were first trained at ISI 500 ms 
with CS also lasting 500 ms. After acquiring stable CRs, animals presented training sessions with 
the same CS (500 ms), but with two potential times for US: US1 at CS offset and US2 at 600 ms 
from CS offset. On a given trial, if eyelid position value at time 499 ms from CS onset was lower 



than the target (3mm, half-sized CR), US1 was presented to maintain robust responding of the 
first CR. If it was higher than the target, US1 was omitted and US2 was presented. All rabbits 
successfully acquired dual-peak CRs with the timing of the second peak appropriate for US2. 
That result suggests that the cerebellum uses the first CR as the “CS” for the next CR, as the 
mossy fiber stimulation CS is not able to support learning with a 600 ms gap between CS offset 
and US2. Results from several control experiments further support this notion. Additionally, we 
have successfully used this paradigm to train animals to produce a left eye CR -> right eye CR 
sequence. For both paradigms, times of first and second CR onset and peak show very high (r > 
0.8) trial-to-trial correlation, consistent with the first CR serving as the CS for the second CR. 
Recordings from Purkinje cells with US evoked complex spikes show that the first and second 
CRs and encoded in the same way by the cerebellar cortex. In sum, our results provide a clear 
demonstration that the cerebellum can use the information about the first part of the movement to 
learn the next one. 
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Title: Climbing fibers reset Purkinje cell representations of behavior 
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Abstract: The cerebellum is essential for online motor control. Requisite for elucidating the 
principles of cerebellar function is an understanding of the interaction between the two main 
excitatory inputs to Purkinje cells: climbing fibers and parallel fibers, which trigger and 
modulate complex spike (CS) and simple spike (SS) discharges, respectively. Although several 



hypotheses have provided insights into the interaction between SS and CS discharges, including 
error encoding, altering responsiveness to parallel fiber inputs, and movement timing, none fully 
explain or are completely consistent with the spectrum of experimental observations. To address 
this, we evaluated the modulation of SS motor signals by climbing fiber input during a manual, 
pseudo-random tracking task. Accurate performance on this task requires continuously 
monitoring the constantly changing salient behavioral parameters and adjusting for mismatches 
in hand movement relative to target movement, and we have previously shown that SS firing 
contains predictive and feedback representations of these limb kinematics and performance 
errors during pseudo-random tracking. 
The hypothesis that climbing fiber discharge alters signaling in the SS firing was tested by 
assessing the SS encoding strength for position (X and Y), velocity (VX and VY) and position 
error (XE and YE) before and after CSs using temporal linear regression analysis. Additionally, 
we assessed for changes in the mean behavior and SS firing rates pre and post-CS, as well as any 
evidence for CS rhythmicity. We find that climbing fiber discharge dynamically controls the 
information present in the SS firing, triggering robust and rapid increases and decreases in the SS 
encoding of motor signals in nearly all of the 40 Purkinje cells (> 90%). The increases and 
decreases in encoding are not due to differences in SS firing rates or behavior before or after a 
CS. Nor can the changes in encoding be attributed to any intrinsic CS rhythmicity. Our results 
suggest a novel hypothesis about the function of CSs, in which climbing fiber input resets the 
Purkinje cell from its current encoding state to one better matched to or dictated by the present 
conditions. The CS-coupled changes in SS encoding demonstrate that the representation of motor 
information is dynamic, focusing on the most task-relevant information and provide a novel 
neural correlate in support of the view that the motor system processes and uses different 
behavioral parameters to meet task requirements. 
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Title: Modulating modulation: Purkinje cell activity in impaired and enhanced compensatory eye 
movement adaptation 

Authors: *M. SCHONEWILLE1, H. ZHOU1, T. KOUDSTAAL2, C. I. DE ZEEUW2;  
2Neurosci., 1Erasmus MC, Rotterdam, Netherlands 

Abstract: Identifying the neural code underlying the process of learning in the brain is one of the 
main challenges in neuroscience today. In cerebellar motor learning several plasticity 
mechanisms have been identified to contribute to the adaptation of behavior, but the weight of 
each contributor, and how they are integrated in neural code remains unclear. Here, we recorded 
the activity of Purkinje cells, the output neuron of cerebellar cortex, prior to, during and directly 
following an eye movement training session. For optimal correlation, we compared the activity 
to that obtained under conditions of impaired and enhanced learning. We demonstrate a direct 
correlation between Purkinje cell activity and behavior, strengthened by the potential to rescue 
impaired learning with learning enhancers. Our results indicate that both rate and spatiotemporal 
coding contribute to cerebellum-dependent learning. 
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Abstract: The cerebellum is critical for motor learning and is present in all vertebrates. Purkinje 
neurons (PNs) in the cerebellum are key contributors to the functions of the cerebellum and have 
been extensively studied. One prominent question has been whether these neurons exhibit 
bistability in vivo. Using the fact that the cerebellum is structurally conserved in vertebrates and 
that zebrafish larvae are highly amenable to in vivo electrophysiology, we performed targeted 
whole cell patch clamp recordings from un-anaesthetized larval zebrafish Purkinje Neurons and 
showed for the first time, that these neurons were spontaneously active and showed two modes 
of activity, tonic spiking and bursting. Moreover, the bursts during the bursting mode were 
driven preferentially by Climbing Fiber (CF) EPSPs. Finally, to further determine the functional 
implications of this activity, we recorded fictive motor signals extracellularly from the tail while 
simultaneously whole-cell patching Purkinje neurons. We showed that the bursting activity in 
these neurons correlated well with motor bouts but the latencies of the bursts to the onset of the 
motor bout varied within and across cells. Accordingly, we propose that these neurons encode a 
distributed representation of an efference copy. 
To determine if these neurons indeed show a distributed code, we need to monitor populations of 
neurons at the same time by using calcium indicators. Zebrafish Purkinje neurons have been 
previously studied using calcium activity imaging in the context of the optomotor response 
(Ahrens et al.2012, Matsui et al.2014), however the physiological basis of this activity has not 
been determined. Our latest experiments therefore involve calcium imaging in single Purkinje 
neurons while simultaneously patching from them. Our data shows that the dendrites are more 
active than Purkinje somas. This activity correlates well to CF driven bursts and calcium spikes 
in these cells but not to tonic sodium spiking. Ensembles of Purkinje neurons recorded 
simultaneously with fictive motor bouts also show distributed activity. 
Future experiments are aimed at studying the same in the context of motor learning. 
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Abstract: Cerebellar learning is classically assumed to depend on synaptic plasticity 
mechanisms, such as long-term depression (LTD) or potentiation (LTP), although it is now 
suspected that other mechanisms are involved, too. One such candidate mechanism is non-
synaptic intrinsic plasticity in Purkinje cells. Intrinsic plasticity depends on a down-regulation of 
calcium-dependent SK-type K channels, and in the hippocampus it is known to play a role in the 
learning of trace eyeblink conditioning. However, it remains unknown to what extent Purkinje 
cell intrinsic plasticity contributes to the memory engram following a cerebellar learning task. 
Here we show that after delay eyeblink conditioning, Purkinje cells in lobule simplex / lobule 
HVI were more excitable than controls consistent with an increase of intrinsic excitability. 
Whole cell recordings were obtained from acute cerebellar slices from mice 48 hours after the 
final training session. Groups of mice received over a period of repeated training sessions either 
distinctly paired trials of a tone co-terminating with a periorbital shock (conditioned mice), 
unpaired trials of only a tone or a shock (pseudoconditioned mice) or neither a tone or a shock 
(naïve mice). We found that Purkinje cells from conditioned mice had a higher spontaneous 
firing rate than cells from controls, and were more excitable in response to gradually injected 
currents. Furthermore, following the stimulation of parallel fibers or climbing fibers, the Purkinje 
cell responses from conditioned mice were more excitable showing a greater depolarization, 
increased number of spikes and complex spike spikelets and a reduced afterhyperpolarizaton. 
This increase in excitability may suggest that SK-dependent intrinsic potentiation occurs during 
eyeblink conditioning, as the conditioned mice also show reduced excitability changes following 
the application of an intrinsic plasticity protocol, suggesting that this mechanism may be 
saturated in conditioned mice. 
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Abstract: Optokinetic reflex (OKR) tracking is induced by the presentation of large field visual 
motion in nearly all vertebrate species. In response to visual velocity step stimuli the OKR 
exhibits two components: an initial rapid jump of eye velocity termed the “Direct” component, 
and a subsequent gradual rise termed the “Indirect” component (Cohen et al., 1977). Repetitive 
presentation of a visual velocity step stimulus induces OKR gain adaptation showing both an 
increase of the “Direct” component and a shorter time constant for the “Indirect” build-up 
(Marsh and Baker, 1997). When the repetitive visual velocity step stimulus is periodic with fixed 
ON/OFF periods, the OKR acquires a predictive behavior in which eye velocity starts to 
decrease before the termination of the stimulus ON period. This “Termination” component was 
first described in goldfish (Marsh & Baker, 1997), and later observed in carp and human (Miki et 
al., 2015). Herein, this predictive OKR behavior was further characterized by using periodic and 
non-periodic visual velocity step stimuli, and then the roles of the cerebellum were investigated 
by conducting acute and chronic cerebellectomy before and after the acquisition of the predictive 
behaviors. Goldfish were centered in a cylindrical water tank with eye coils binocularly placed 
on the cornea for eye position measurement by the search coil technique. In the periodic 
condition visual stimulation was projected onto tank wall and rotated clockwise at 20 deg/s for 8 
seconds (ON period) and stopped for 8 seconds (OFF period). In the non-periodic condition, 
either the ON or OFF period was randomized between 1 and 15 seconds. After three hours of this 
visual paradigm in the periodic condition, eye velocity was observed to begin to increase 
significantly before initiation of the ON period. By contrast this “Initiation” component was not 
observed in the non-periodic condition. In chronically cerebellectomized goldfish using the 
periodic stimuli, there was no change in any of eye velocity parameters, i.e. the “Direct”, 
“Indirect” “Termination” and “Initiation” components. In acutely cerebellectomized fish after 
periodic training, the adapted “Direct”, “Initiation” and “Termination” components were lost, but 
some of the learned “Indirect” component remained. These results demonstrate that the 
cerebellum is required for both the acquisition and maintenance of the increased “Direct” 
component as well as the predictive “Initiation” and “Termination” of OKR tracking. Thus, the 
cerebellum appears necessary for acquiring the “Indirect” build-up, but maintenance of this 
component is not completely cerebellar dependent. 
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Abstract: In the uvula of pigeons there are parasagittal zones defined with respect to the 
innervation of climbing fibers (CFs), the projection patterns of Purkinje cell (PC) outputs, and 
the response properties of PC complex spike activity (CSA) to “optic flow” stimuli. 
Additionally, the molecular marker zebrin II (ZII) is heterogeneously expressed in PCs such that 
there sagittal stripes of PCs with high ZII expression (ZII+), alternating with sagittal stripes of 
PCs with little to no ZII expression (ZII-). Previously we have shown that a ZII+/ - stripe pair in 
the uvula constitutes a functional unit, insofar as the CSA of all the ZII+ and ZII- PCs within the 
stripe pair prefer the same type of optic flow stimuli. As shown in the figure (left), there are three 
functional units in the uvula: (1) a medial ZII+/- pair where all PCs respond best to “contraction” 
optic flow; (2) an adjacent stripe pair where the PCs respond to either “expansion” or “ascent” 
optic flow patterns; and (3) a lateral stripe pair where all PCs respond best to “descent” optic 
flow. Although we have established that a ZII+/- stripe pair delineates a functional unit, other 
research, mainly in rodents, has emphasized ZII+ and ZII- bands receive input from different 
subnuclei of the inferior olive (IO). We carried out a retrograde tracing study to determine 
whether the ZII+ and ZII- bands of a stripe pair in the pigeon uvula receive differential input 
from the IO as opposed to input from the same area of the IO. Fluorescent Cholera toxin B 
(CTB) of different colours (red and green) was injected into ZII+ and ZII- bands of functional 
stripe pair, and the distribution of retrogradely labeled cells in the IO was analyzed. We found 
that injections in the ZII+ and ZII- bands of stripe pair did not result in retrograde labelling in 
different subnuclei, rather, spatially separate, but adjacent regions were labelled (see Figure 
right). 
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Abstract: Cerebellar climbing fiber (CF) inputs to Purkinje cells carry critical error signals 
and/or timing signals for motor control and learning. Recent studies suggest that Purkinje cells 
also play an important role in cognitive functions. CFs separately project from the higher order 
cortices and the periphery through the inferior olive to longitudinal clusters of Purkinje cells 
(cerebellar stripes), which are characterized by the presence or absence of aldolase C/zebrin II 
expression. However, detailed functions of these CF inputs to each cerebellar stripe during 
acquisition of skilled behaviors remain unknown. Here, we investigated the sensorimotor and 
cognitive aspects of CF inputs to the distinct cerebellar stripes in the cerebellar hemisphere (Crus 
II) by using chronic in vivo two-photon calcium imaging in mice learning a go/no-go auditory 
discrimination task. The lateral part of the Crus II received CF inputs that coincided with 
auditory cue; those to zebrin positive (Z+) stripes were initially synchronized to both go and no-
go cues then concentrated to the go cue after cognitive learning, while those to zebrin negative 
(Z-) stripes were timed only to the no-go cue, which deteriorated throughout learning. CF inputs 
to the medial stripes were less timed and nonspecific to cues and zebrin expression. Population 
decoding of CF inputs clarified stripe-specific changes in the representation of lick rate, lick 
onset, cues and trials along with improvements in motor and cognitive behaviors. Our results 
indicate that CF inputs to the cerebellar stripes have distinct contribution in motor and cognitive 
processing. Such differential and parallel processing of sensorimotor and cognitive information 
in the distinct cerebellar microcircuits may collectively sophisticate goal-directed behavior. 
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Title: Locomotor activity modulates delay eyeblink conditioning in mice 
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Abstract: In mice, locomotor activity modulates sensory responses across visual, auditory and 
somatosensory cortices. Here we show that locomotion also modulates behavioral performance 
in delay eyelid conditioning, a cerebellum-dependent form of classical conditioning. We 
monitored both eyelid closures and running speed in head-fixed mice running voluntarily on a 
running wheel. We found that increased locomotor activity was associated with earlier onset of 
learning and more frequent and larger amplitude conditioned responses. The correlation between 
running and learning was specific to conditioned (vs. unconditioned) responses. It held across 
animals, sessions, and trials, and for conditioned stimuli of various modalities. In contrast to the 
previously described modulation of sensory cortical processing, we found that the influence of 
locomotion on conditioned responses was dissociable from effects of arousal (as measured by 
changes in pupil size). Locomotor activity on a motorized treadmill also modulated learning in a 
speed-dependent manner, further suggesting that locomotor activity per se, rather than arousal, 
mediates the effect. To investigate the underlying neural circuit mechanisms, we used direct 
optogenetic stimulation of cerebellar mossy fibers as a conditioned stimulus. Conditioned 
responses elicited by optogenetic stimulation within the cerebellar cortex were also positively 
modulated by locomotor activity, indicating that enhanced upstream sensory processing cannot 
account for the modulation of the behavioral response. We conclude that locomotor activity 
modulates learned performance in delay eyelid conditioning through mechanisms that are 
distinct from those underlying modulation of sensory cortical responses and that act downstream 
of mossy fiber inputs to the cerebellar cortex. 
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Abstract: Corticotropin-releasing factor (CRF) is a neuropeptide that plays a major role in stress 
response. CRF is also released from climbing fibers that originate in the inferior olive nucleus 
and innervate the Deep Cerebellar Nuclei (DCN). Previous studies have shown that neurons of 
the DCN express CRF receptors and their firing rate is modulated by application of CRF. In the 
present study, we focused on the effect exerted by CRF on firing properties of the Big Projection 
Neurons (bPNs), and investigated the underlying biophysical mechanisms. 
In vitro whole-cell patch recording were performed from bPN somata in coronal slices of 
cerebellum (prepared from C57BL/6 mice > p35). CRF (1-3 µM dissolved in HEPES buffered 
solution) was either added to the bath solution or injected locally via a patch pipette. 
CRF application increased the firing frequency of the bPN. Local application of CRF to the bPN 
somata generated a prolonged episode of spikes firing, with a latency of several seconds, 
superimposed on a membrane depolarization. This response lasted for several minutes and was 
dependent on CRF concentration. Local application of CRF in the presence of TTX, revealed a 
small depolarization of the membrane potential, accompanied by a decrease in membrane 
resistance. voltage clamp recordings, with cell membrane potential, clamped to -70mV, have 
shown an increase in inward current, in the presence of CRF. Furthermore, this increase of 
inward current was blocked in the presence of ZD-7288, an Ih antagonist. The results suggest 
that the mechanism, underlying the CRF effect on bPN, is most likely an increase of Ih 
conductance. 
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Abstract: The present study investigated the effects of cerebellar transcranial direct current 
stimulation (tDCS) on fine motor learning and subsequent performance on both practiced and 
novel motor sequence tasks. In the first study, participants practiced three distinct key press 
sequences presented in non-repeating, interleaved order while undergoing either anodal, 
cathodal, or sham stimulation. After the practice session, participants completed a transfer 



session without receiving any stimulation; they practiced three novel sequences, also non-
repeated and interleaved. Only those participants who received anodal stimulation during the 
practice phase showed evidence of sequence-specific learning (p = .033). Participants who 
underwent cathodal stimulation were significantly slower at performing the keypress task than 
participants in the anodal (p = .023) and sham (p = .024) groups. In the second study, a 24-hour 
delay was introduced between the practice and transfer sessions in an attempt to reduce potential 
fatigue caused by the practice session and stimulation. During this transfer session, participants 
who had received anodal tDCS during practice on the previous day showed significantly better 
transfer performance than those in the sham condition (p = .020). These results suggest that 
cerebellar tDCS can affect both the learning and performance of fine motor sequences. These 
results also suggest that anodal cerebellar tDCS during practice enhances the generalizability of 
the resulting motor programs. 
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Abstract: Background & aims. A recent trend in clinical research is the use of inertial sensor-
based systems (ISS) to capture and assess voluntary and involuntary movements during activities 
of daily living (ADLs). Such technology may eventually prove useful to determine when 
involuntary movements become detrimental to daily activities. We recently proposed that the 
impact of involuntary movements on the voluntary motor behavior can be assessed using a 
Signal to Noise Ratio (SNR) approach, where the success of an activity depends on the 
magnitude of the intended voluntary movement (signal) and the magnitude of the involuntary 
movement (noise) present during that task. The aims of this study were to detect essential tremor 
(ET) during ADLs using ISS and determine whether they have a deleterious influence on the 
performance of those ADLs. Method. Healthy control participants (N=27, Age=63.93 ±7.67 



years old) and participants diagnosed with ET (N=15, Age=62.4 ±8.25 years old) were asked to 
perform twice 11 ADLs presented randomly (reading, counting money, cutting-eating, eating 
soup, taking medicine, drinking water, picking-up an object, standing-sitting, walking, walking 
and taking care of a glass of water, walking and passing over an obstacle) while equipped with 
17 inertial sensors (Animazoo IGS-180) positioned on each body segment. Participants 
diagnosed with ET, were either treated (N=5) or not (N=10) and possessed mild visible tremors 
at the time of the experiment. Using healthy controls data, we set success criteria based on the 
number of errors, as well as the time required to do the task. The threshold of success for time 
was set at the mean of healthy control participants plus 3 standard deviations. Power spectral 
analysis was used to assess tremor magnitude during each task. Chi-square tests were used for 
each task to determine the differences of failure in the two groups. Results. Amplitude of 
tremors during ADLs varied between 0.0021 g2/Hz (correspond to a UPDRS score of 0.5) and 
0.0485 g2/Hz (correspond to a UPDRS score of 2) (mean=0.0158 g2/Hz ±0.0146 g2/Hz) for ET 
participants. Frequency of tremors during ADLs varied between 4.30 Hz and 6.44 Hz 
(mean=4.96 Hz ±0.64 Hz) for ET participants. Chi-square tests revealed no significant 
differences between the two groups in failure proportion (p ≥ 0.074). Conclusion. The results of 
this study suggest that patients having mild treated or untreated ET were able to perform ADLs 
as well as healthy controls. 
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Abstract: The cerebellum is thought to optimize both motor and non-motor behavior through the 
formation of internal models that enable effective predictive processing. Previous studies have 
shown that the posterolateral cerebellum is active during predictive processing in a variety of 



tasks, yet the exact role of the cerebellum in such tasks has yet to be established. The right 
posterolateral cerebellum is thought to be involved in complex motor sequence learning, 
language, and social cognition. We investigated predictive processing in motor, cognitive and 
social domains following cerebellar neuromodulation with transcranial direct current stimulation 
(tDCS). Fifteen healthy young adults (15 male; mean age 19.9 ± 1.9 years) participated in three 
sessions (sham, anodal, and cathodal tDCS) each separated by one week. During each session, 
participants received 20min of 2mA sham, anodal, or cathodal tDCS over the right posterolateral 
cerebellum (1cm down and 4cm to the right of the inion). After neuromodulation, participants 
completed three task paradigms, each with both non-predictive and predictive components: a 
serial response time task (SRTT), a sentence completion task, and a social ball-playing task. 
Task and modulation conditions were counterbalanced within and between participants. We 
hypothesized that cerebellar tDCS would impact performance on trials requiring implicit 
predictive processing across paradigms: implicit sequence learning on the SRTT; semantic 
prediction on the sentence completion task; and implicit learning of reciprocal partnerships in the 
social ball-playing task. As anticipated, preliminary results suggest that cerebellar tDCS affected 
behavior when implicit learning and predictive processing were necessary, including motor 
learning (Friedman p=0.012), time to complete sentences with different levels of semantic 
predictability (Friedman p<0.01), and a trend effect on implicit learning of “good” vs. “bad” 
reciprocal partners in the ball-toss game (Friedman p=0.08). These findings support the idea that 
the cerebellum has a domain-general role in predictive processing, likely due to the implicit 
acquisition of information relevant to performance in both motor and non-motor contexts. 
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Abstract: Sense of hand shape and kinesthesia in our fingers relies on a variety of 
somatosensory information from skin and joint receptors of the hand. Dexterous fingers 
movements rely on this sensory information to aid everyday activities such as fastening buttons 
or snaps of a garment, picking up coins, or typing. It is understood that extensive practice is 



required to become exceptionally skilled at dexterous finger movements such as typing or 
playing a musical instrument. The aim of this study was to examine whether enhanced resistance 
during tapping movements can be used to improve independent finger movements. If successful 
this could be a simple method to retrain these finger movements in individuals who have reduced 
dexterity. In healthy adults, individuated movements of middle, ring and little fingers are usually 
difficult to produce and simultaneously subjected to complementary or opposing movements of 
the adjacent digits. Thus we focused our study on training independent tapping movements of the 
middle, ring and little fingers in healthy individuals. Participants completed a handedness 
inventory and a questionnaire to assess what type of dexterous hand and finger movements they 
typically performed and if they had any particular hand and/or finger movement training. All 
participants were right-handed and performed tapping tasks with both their dominant and non-
dominant hand. A flexible tape was used along the dorsal length of the finger during training. 
The task involved participants tapping one finger (instructed) for a period of twelve seconds. 
Individuated finger movements (Index, Middle, Ring, Little) were recorded using active markers 
(Codamotion 3D motion analysis system) placed on the distal end of each finger. Tapping 
movements during the central ten seconds of each trial were analyzed. Non-instructed finger 
movements were computed as the percentage of the displacement of the instructed finger 
movement. Non-instructed movement was largest for the Middle and Ring fingers prior to 
training and remained the largest after training as well. For some participants, by the end of 
training, the extent of non-instructed movement decreased below the pre-training levels although 
this effect was not sustained in the post test. It was concluded that this method may be effective 
but longer or multiple training sessions may be required to see sustained changes in non-
instructed digit movement. 
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Abstract: Low variability is the hallmark of well-trained motor behaviors and this partly results 
from learning to cope with motor and sensory noise, i.e., that both the efferent output and the 
sensory signals that provides state and feedback information are inherently noisy. It has even 
been claimed that practically all human motor behaviors – from eye movements to hand 
trajectories – can be explained by optimal control models that minimize the impact of sensory 
and motor noise (Harris & Wolpert, 1998; Faisal et al 2008). There is, however, a kind of 
substantial variability at the actuation level that is unaccounted for by proposed models of motor 
learning (Van Beers 2009; Baddeley et al 2003; Diedrichsen 2005). For instance, Stimpel (1933 ) 
reported that when humans throw a ball towards a target, the dispersion of the elbow angle and 
release velocity are substantially larger than that of the final position hit by the ball. In the same 
vein, Bernstein (1967) described the highly variable trajectory of hammering movements by a 
blacksmith despite skillful target hitting. 
We let participants pull and push an object using either the index finger or both the index and 
middle finger while recording the object’s position and velocity, the fingertip forces, and the 
finger joint angles. No constraints were imposed on the kinematic or kinetics of the task but the 
timing of individual pull-push movements was provided by auditory cues. Series of pull-and-
push movements were performed with different surface friction while the servo-controlled object 
emulated either viscosity or inertia. 
The participants solved the task in highly idiosyncratic manners, e.g., increased the surface 
normal force or decreased the applied surface tangential force with decreasing surface friction. In 
contrast, the intrasubject variability was low in terms of the “objective task”. Importantly, despite 
this low task variability, all participants showed a marked variability from trial-to-trial with 
respect to both joint kinematics and how the surface tangential force was partitioned between the 
digits. Moreover, the kinematics and kinetics did not covary. 
Three possible reasons for this variability are proposed: (1) to counteract fatigue; (2) to keep 
sensorimotor transformations updated; and (3) to allow explorations of behaviors that may be 
useful under kinematic restrictions or when managing perturbations. 
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Abstract: Cognitive-motor integration (CMI) is required to perform rule-based visuomotor 
transformations, for example, when the spatial locations of the guiding sensory information and 
required motor action differ. We previously observed prolonged CMI deficits in children with a 
history of concussion who were classified as asymptomatic by current return to play protocols 
(Dalecki et al. 2016). In the current study, we examine factors that may influence the decline and 
recovery of CMI performance in children with a history of concussion. 
Sixty-four children with a history of concussion (mean 14 months post-concussion; mean age 13 
yr) and sixty-two age-matched controls with no previous concussion performed two eye-hand 
coordination tasks. In the direct interaction task, participants slid their finger on a touch screen to 
move a cursor from a central target to one of four peripheral targets. In the CMI task, targets 
were in a different plane from hand motion, and feedback was 180° reversed (i.e. decoupling 
between vision and action). We analyzed movement timing and trajectory variables, as well as 
the effects of age, sex, and sports experience (years of play). 
In agreement with our previous study, we observed significant CMI movement timing and 
execution deficits in children with a history of concussion, and a significant relationship between 
the time since last concussion and CMI performance. In addition, in children with a concussion 
history, we found a significant relationship between CMI performance and sport experience, 
such that children with concussion history and higher sport experience outperformed those with 
concussion history and lower sport experience. Both effects were not present in the control group 
and could not be attributed to a general effect of age or sex. Furthermore, children with 
concussion history and higher sport experience had quicker CMI recovery times compared to 
their lower sport experience peers. 
These results indicate an important role of sport experience in recovery from concussion, and are 
in line with other studies from our lab showing CMI deficits in young varsity athletes but fewer 
deficits in young elite athletes with a concussion history (Brown et al. 2015; Hurtubise et al. 
2015). We suggest that children and young adults with a concussion history but higher sport 
experience have more motor skill-related neurological reserves. This reserve may in turn reduce 
CMI performance declines and improve CMI recovery post-concussion. Imaging studies suggest 
the neural correlates of these reserves exist in more efficient fronto-parietal networks, which are 
known to heavily contribute to CMI. 
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Abstract: We have reported before that in absence of visual cues, judgements of the vertical are 
aligned mostly with gravity, less often with the long axis of the own body, and rarely otherwise 
(Bury and Bock, SfN 2015, 335.17). Here we evaluate whether the same alignment holds for 
vertically oriented hand movements. Twenty-four young, healthy volunteers were blindfolded, 
tilted into different angles of roll, and asked to silence an alarm by flipping a switch “down” with 
their dominant hand. The switch was constructed such that it could be flipped in any direction in 
the participants’ frontal plane. Before the actual experiment, all volunteers practiced the task 
while standing upright with eyes open (i.e., with congruent visual, gravitational and egocentric 
information about “down”). We found that 20/24 participants deflected the switch in accordance 
with their body orientation, rather than in accordance with gravity. Some of these participants 
deflected the switch consistently towards their own feet, while others deflected it consistently in 
other egocentric directions. Among the remaining four participants, two deflected the switch in 
accordance with gravity while the other two couldn’t be classified unequivocally. We conclude 
that motor control may rely on distinct internal representations of the vertical, and that the 
predominance of egocentric responses may adversely affect human operation under water and in 
spaceflight. 
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Abstract: During visuomotor tracking of slow targets, humans produce submovements at 
frequencies around 2 Hz. This rhythmicity could reflect properties of the extrinsic feedback loop, 
with submovement frequency determined by visual processing delays. Alternatively, an intrinsic 
rhythmicity within the motor system could enhance motor responses at submovement 
frequencies. We tested these two hypotheses using 2D bimanual finger force tracking of a 
circularly-moving target. We added two experimental manipulations of visual feedback: time 
delays (of 100-400 ms) and sinusoidal perturbations (at 1-5 Hz). 
Perturbations produced time-delayed force responses which at submovement frequencies were 
phase-shifted by 180° leading to large cursor errors. Moreover, the frequency of both 
submovements and perturbations associated with large errors decreased with additional feedback 
delay. These observations are consistent with time delays in the extrinsic feedback loop driving 
submovements. However the frequency distribution of submovements, and the force response to 
perturbations at different frequencies, suggested that these time delays increased slightly with 
frequency. Moreover, the force response to perturbations at 2-3 Hz had a larger amplitude that 
that for higher or lower frequencies, and this was independent of delay time. These results are 
consistent with intrinsic dynamics within the feedback loop causing a frequency-dependent 
phase shift and a resonance at submovement frequencies. 
We modelled a feedback controller driven by discrepancies between delayed sensory predictions 
(based on efference copy) and delayed feedback of errors. Intrinsic dynamics within the feedback 
loop were represented by a first order recursive filter. This model was able to reproduce all the 
features of our data. Stable tracking required that sensory prediction delays accurately matched 
actual feedback delays, suggesting that humans can quickly adjust this in the presence of 
artificially increased delay. However, the intrinsic dynamics of the feedback loop remained 
constant across conditions, suggesting that these are instantiated by static or slowly adapting 
circuits. We speculate that these intrinsic dynamics could reflect the recursive properties of a 
state estimator that combines an internal prediction with noisy, delayed sensory information. 
In conclusion, the frequency composition of human visuomotor tracking in the presence of 



perturbed visual feedback reveals the contribution of both extrinsic and intrinsic dynamics to the 
generation of submovements. 
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Abstract: Human hand is a sophisticated, complex and redundant mechanical system controlled 
by a relatively well developed central nervous system. Redundancy in the hand helps humans to 
perform tasks such as making postures or grasping objects with ease, especially in uncertain 
environments. In our study, seven subjects (3 females) performed 70 different postures including 
daily life postures, ASL (American Sign Language) and aesthetic postures (Indian dance form 
Bharatnatyam). Each posture was 5 trials each (a total of 350 trials). Sixteen (15+1 reference) 1.8 
mm Liberty Electromagnetic tracking sensors (Polhemus, USA) were placed on each finger 
phalanx and we measured position and orientation data at 120Hz. We considered the hand as a 
21-DOF system and computed 21 joints (4 DoFs for the digits and 5 DoF for the thumb). Our 
results suggest that there is a linear relationship between DIP-PIP joint for all fingers across 
subjects. For projecting data into linear space we employed two techniques, Principal component 
analysis (PCA) and Unsupervised Linear Discriminant Analysis (ULDA). We found PCA with 2 
PCs gives reconstruction error of ±1 degree, which shows PCA with first two PCs effectively 
reduce dimensionality. Our results further show that adding 3rd PC reduces the error to ±0.5 
degree but describes the finer features of the postures. In some applications, dimensionality 
reduction alone may not be sufficient. To discriminate two postures from each other we 
employed the K-Means supervised learning classifier on the dimensionality reduced data. Our 
results from this analysis suggest that some aesthetic postures and ASL are misclassified, 
implying that there is a measure of similarity between these postures. We suggest that these two 
linear dimensionality reduction techniques (PCA & LDA) come with a trade-off between 



accurate joint angle reconstruction and posture classification. We further suggest that these two 
techniques must be used to complement information from each other, but not as a replacement 
for the other. We further suggest that analyzing such high dimensionality data within the 
framework of non-linear approaches such as Gaussian Process Latent Variable method 
(GPLVM) may offer more insights into the true nature of control for this highly redundant 
system. 
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Abstract: Dorsal premotor cortex (PMd) is involved in the selection, preparation and execution 
of voluntary action. Monkey neurophysiology and human neuroimaging studies indicate that 
PMd encodes grasp. We hypothesized that the functional connection between PMd and the 
primary motor cortex (M1) is increased during preparation for grasping. Paired-pulse transcranial 
magnetic stimulation (TMS) with two coils was used to test functional interactions between left 
PMd and ipsilateral M1 (and within left M1) while at rest or during preparation to grasp objects 
with either a precision grip or a whole-hand grasp. The test stimulus (TS) was applied to M1 
with a small branding iron style coil (50 mm diameter). The TS intensity was adjusted to evoke 
motor evoked potential (MEP) amplitudes of ~1mV. Another branding iron coil (40 mm 
diameter) was used to deliver the conditioning stimulus (CS) to PMd. The CS was set at 90% of 
the active motor threshold (AMT). Interstimulus intervals (ISI) of 4, 6, and 8 ms between CS and 



TS were used. We show that when planning to grasp objects with either a precision grip or a 
whole-hand grasp, PMd facilitates M1 excitability in the hand representations. We also found 
that MEP amplitudes in hand muscles during grasp preparation are associated with the pattern of 
muscle activity used in the upcoming grasp. The degree of MEP facilitation was larger when 
conditioning PMd compared to conditioning M1 (paired-pulse M1). Consistent with findings 
reported in the monkey, these results provide causal evidence that human PMd transfers grasp-
related information to M1 hand representation during the preparation for an upcoming grasp. 
This new basic understanding of the high-level, intention-related activity in human frontal 
circuits during goal-directed hand actions may better inform decoding algorithms used to operate 
neural cognitive prosthetic devices. 
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Abstract: Paired-pulse transcranial magnetic stimulation (TMS) is a non-invasive method to 
study corticospinal excitability (CSE) and the action of GABA modulating drugs in humans. 
Short interval intracortical inhibition (SICI), one of the biomarkers of CSE, was shown to be 
enhanced by a single dose of benzodiazepines, but not drugs acting selectively through 
GABA(A)alpha1 receptors. As alpha5 subunits of GABA(A) receptors are less densely 
expressed in the cortex than alpha2,3 subunits, it has been suggested that GABA(A)alpha2,3 
receptor signalling is responsible for the modulatory effects on SICI. Availability of the novel 
GABA(A)alpha2,3 positive allosteric modulator AZD7325 allowed us for the first time to 
investigate this hypothesis in humans. GABA(A)alpha2,3 modulation of CSE was assessed in 12 
healthy male volunteers (24±4 years) in a phase I randomized, double-blind, placebo-controlled, 



3-way cross-over study. SICI was obtained at baseline and 1, 2, and 8 hours after a single dose of 
2 mg, 10 mg of AZD7325 or matched placebo. To avoid “floor effect”, a range of conditioning 
stimuli (CS) was used (50-80% of resting motor threshold (RMT), interstimulus interval 2.5 ms). 
Test stimulus (TS) intensity was set to produce a response of 1 mV. Absolute and relative SICI 
change from baseline was assessed. Increase in inhibition was expected at the time of maximum 
plasma concentration (Cmax) of the drug, i.e. 1-2 hours post-dose. In addition, sedation and 
psychomotor performance were assessed. Baseline CSE parameters did not differ between the 
treatments. AZD7325 did not have an effect on RMT, but both 2 and 10 mg doses increased TS 
intensity at Cmax when compared to placebo. There was a consistent, however non-significant, 
absolute and relative increase in SICI at CS 60% and 70% RMT at Cmax after the intake of 10 
mg of AZD7325 (absolute change of 6-17% of test response, relative change of 7.5-11%). 
Interestingly, the largest increase in SICI at CS 70% RMT (relative change of 26%) was 
observed at 8 hours after intake of AZD7325, and was close to reaching statistical significance 
after 10 mg dose. There was no significant effect of AZD7325 on sedation and psychomotor 
performance when compared to placebo. In conclusion, 2 and 10 mg doses of AZD7325 were 
non-sedating and did not impair psychomotor performance. At Cmax, increases in SICI with 
AZD7325 did not reach statistical significance, but increased TS intensity is suggestive of a 
possible rightward shift and/or change in slope of the input-output curve. Larger studies 
employing higher doses of AZD7325 and an active comparator are needed to further explore the 
hypothesis of GABA(A)alpha2,3 modulation of SICI. 
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Abstract: Cortical sensorimotor areas in the human brain have been shown to exhibit 
somatotopic organizations at least at the macroscopic level [1]. However, the existence of a 
somatotopic organization on a microscopic level (e.g. individual digits) is much less certain, 
especially in motor areas [2]. The population Receptive Field (pRF) approach, that has been 
proven successful in retinotopic mappings of visual cortex [3], could shed more light on this 
issue. The current study investigates if an orderly somatotopy of finger representations can be 
obtained using fMRI and pRF analysis. 
During a 7T fMRI session, 6 healthy volunteers executed a finger movement task that required 
the sequential flexion or extension of all fingers of both hands separately. During the task the 
subject’s finger positions transitioned from flexed towards extended or vice versa. Similar to 
pRF analyses in visual neuroscience, a Gaussian convolved with a hemodynamic response 
function was fitted to the timeseries of each voxel, thereby obtaining the center and sigma of a 
voxel’s best Gaussian fit. The Gaussian center illustrates a voxel’s preferred finger 
representation, while the sigma illustrates the degree of response to adjacent fingers. The 
presence of an orderly somatotopy of individual finger representations was assessed for several 
Brodmann areas using a linear regression on the coordinates of the obtained centers. 
Somatotopic organizations of finger representations were found in all subjects in the contralateral 
hemisphere with respect to the cued hand. During flexion, the following Brodmann areas showed 
a significant somatotopy in somatosensory cortex: BA1 (T(5)=9.99, p<.001); BA2 (T(5)=2.77, 
p=.039); BA3a (T(5)=5.68, p=.002); BA3b (T(5)=5.18, p=.004), and motor cortex: BA4p 
(T(5)=5.44, p=.003); BA6(T(5)=3.64, p=.015). During extension only somatosensory cortex 
showed somatotopic organizations: BA1 (T(5)=8.48, p<.001); BA3a (T(5)=3.77, p=.013); BA3b 
(T(5)=4.61, p=.006). 
In the current study we show that the somatotopic organization of finger representations can be 
obtained in individual subjects’ sensorimotor cortex with the use of a Gaussian pRF approach. 
The pRF analysis results in a preferred finger representation per voxel, as well as a degree of 
response to finger representations adjacent to the preferred one. The pRF approach shows that 



motor cortex has a detailed microscopic somatotopic organization, and that its classification can 
be revealed with integrative models of sensorimotor activation. 
1 Penfield W, Boldrey E (1937) Brain 60:389–443. 
2 Sanes JN, Schieber MH (2001) Neuroimage 13:968–974. 
3 Dumoulin SO, Wandell BA (2008) Neuroimage 39:647–660 
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Abstract: Previous research has described relationships between force production accuracy and 
absolute force level in static and dynamic force production tasks. This study examined whether 
greater error in a cyclic visuomotor isometric force tracking task would occur at the lower force 
reversal point than when the same force level was the high end of a similar task performed over a 
lower force range. Thirty right-handed volunteer participants, 6 men and 24 women (18 - 30 yrs), 
free from any neurological disorder or physical ailment, were tested. The participants performed 
an isometric pinch tracking task, which required generating matching forces with both the thumb 
and index finger of the preferred hand to move a cursor on a computer screen up and down a 45-
degree diagonal line, trying to stay coincident with a track ball cycling between two force levels 
four times for each trial. The forces required to complete the task were scaled so that the peak 
force required for each digit was 12% of that individual’s mean maximum voluntary contraction 
(MVC) digit flexion force. All participants were tested in ten trials under each of two conditions 
in random order. One condition required cycling between force levels of 3% MVC and 6% 
MVC; the other condition required cycling between 6% and 12% MVC. Tracking error data 
were analyzed from the ten performance trials by each participant at the 6% MVC level; in one 
condition this level was at the high end of the task range and in the other condition this level was 
at the low end of the task range. The four cycles of the track ball in each trial yielded three 
reversal data points at the 6% MVC force level. Consistent with the force / force variability 
principle, the results showed that for both the thumb and index finger absolute error was greater 



at higher force levels than lower force levels, while in each range greater error was seen at the 
low end reversal than the high end reversal. Importantly, as previously reported by Park (2012), 
higher error was seen for both digits at the 6% MVC level when that was the low end of the 
target force range than when that was the high end of the force range. This result supports the 
idea that the task of precisely reversing a decreasing force level to begin increasing pinch force is 
more difficult than the task of reversing an increasing force level to begin decreasing pinch force. 
Underlying mechanisms may be related to the dynamics of motor unit recruitment and isometric 
muscle force production during force reversals at low force levels. 
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Abstract: There is an extensive literature debating whether visual size illusions influence the 
peak grip aperture in grasping. We found no effect for 7cm diameter disks on a Ponzo illusion 
(Brenner & Smeets, EBR, 1996). We interpreted this as evidence that grasping is not based on a 
visual estimate of size. Most studies that did find an influence of illusions used approximately 
3cm diameter disks embedded in an Ebbinghaus illusion. Could it be that people do use size 
information for smaller objects because they combine information to maximise precision, and for 
smaller objects size judgments are no longer less precise than judgments of position (Smeets & 
Brenner, Current Biology, 2008). In order to avoid any possibility of parts of the illusion being 
interpreted as obstacles, we tested this possibility using a modified diagonal illusion. Participants 
grasped both small (1.5-2.5 cm) and slightly larger (4-5 cm) objects. The illusion had an effect of 
more than 10% on perceptual judgements, irrespective of object size. For the peak aperture 
during grasping movements, the effect of the illusion was negligible (less than 0.5%), again 
independent of object size. We conclude that the reported disagreement on the effect of illusion 
is not due to using differently sized objects. 
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Abstract: Localized muscle fatigue results from several factors including both metabolic and 
structural changes occurring with prolonged or repetitive muscle use. Methods of evaluating 
muscle fatigue include both techniques that track maximum force capacity of a muscle as well as 



the analysis of surface electromyography (EMG) under controlled conditions to evaluate the 
amplitude and frequency of the EMG signal. While prior studies have extensively used such 
measures to evaluate the onset of fatigue, relatively few studies have focused on quantifying 
fatigue throughout the recovery phase. The aim of this study is to evaluate various methods of 
analyzing force and EMG signals to identify the most accurate method for analyzing muscle 
recovery post-fatiguing contractions. Muscle fatigue was evaluated in the first dorsal 
interosseous (FDI) and thenar eminence of the thumb during voluntary muscle contractions using 
a Biometrics DataLOG System (Biometrics Ltd, UK). Each subject exerted lateral pinch force on 
a custom pinch dynamometer completing two different fatiguing protocols. For the continuous 
protocol subjects exerted 50% MVC until exhaustion. During the intermittent protocol the 
subjects alternated 5 s exertions (50% MVC) with 5 s rest periods for 6 min. After every minute 
a MVC was recorded to note any changes in normalized force production. For one hour after 
completion of the fatiguing contraction muscle activity was monitored every 10 min. Normalized 
values of RMS amplitude, median frequency, and peak force exertions were compared between 
protocols and throughout the recovery phase of the experiment. Results indicate for both muscles 
during the intermittent protocol median frequency analysis indicated greater % fatigue than that 
observed in the RMS amplitude. The median frequency analysis appears more sensitive to 
recovery of muscle post-fatiguing contractions however median frequency and RMS results 
appear to be correlated for each muscle. Further research must be conducted to further 
understand the exact mechanisms contributing this these observations. 
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Abstract: Object lifting requires precise scaling of fingertip forces according to the weight of the 
object. When lifting an object from a surface, lift-off occurs when the applied vertical load force 
overcomes the object weight. Thus a weight percept can be formed early during the loading 
phase of a lifting motion. Different sensory events inform the brain about the time of object lift-
off: visual cues and haptic inputs (proprioception and fingertip mechanoreceptors) indicate when 
the object releases contact with the surface and starts to move. In real life conditions visual and 
haptic inputs about lift-off occur simultaneously. Here we used a virtual reality environment 
where a delay between visual and haptic feedback could be introduced in order to determine the 
relative contribution of vision and haptics in controlling fingertip force scaling and object weight 
perception. Participants were required to lift virtual objects simulated by a 3D computer screen 
with their thumb and index finger attached to force-feedback robots (Phantom). In half of the 
trials, vision was delayed by 100 or 200 ms, resulting in an asynchrony between haptic and 
visual information. Participants lifted two objects sequentially and one of the two lifts had a 
visual delay. They were subsequently asked to report which object was heavier. Object mass was 
varied according to an adaptive staircase procedure to determine the mass at which an object 
lifted with delay felt equal to an object lifted without delay. We found that objects are perceived 
as being heavier when vision is delayed with respect to haptic feedback. In addition, force 
scaling is altered in response to the altered visual information. This indicates that visual 
information about lift-off plays a significant role in controlling force scaling and forming weight 
perception. Because a visuo-haptic asynchrony mainly alters perception of sensory events 
occurring during lift-off and to a lesser extent during the static holding phase, our results suggest 
an important role of the dynamic changes occurring during object loading in generating weight 
perception. 
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Abstract: Since the 1970s, pen and digitizer-tablets were used as input devices with computers 
to investigate handwriting and drawing performance. This configuration’s drawback is that the 
feedback and movements are not displayed in the same plane. Recent technological advances 
allow the display to be integrated within the digitizer (i.e., display-tablets), thus allowing 
feedback to be displayed in the same plane as the movement. Furthermore, whereas the 
traditional setup resulted in feedback displayed in the vertical plane on a monitor, display-tablets 
allow us to display feedback in the vertical and horizontal planes. As a result the question 
emerges whether vertical and/or horizontal movements with feedback in the same plane do differ 
from each other and whether movements are affected if the feedback is shown in the vertical 
plane while the movement occurs in the horizontal plane (i.e., the traditional configuration). The 
study’s purpose was to identify any possible effects on motor performance while executing 
different graphic tasks in the three different configurations. Participants were asked to perform a 
handwriting-like and graphical aiming task. Preliminary data showed that the plane’s orientation 
of the executed movement does not affect performance significantly. However, when the 
executed movements are dissociated from the feedback (i.e., the feedback is not in the same 
plane as the movements) performance deteriorates significantly (i.e., longer durations; less 
smooth movements). These results suggest that general conclusions drawn upon findings of 
research studies using protocols in which the feedback was displayed on a monitor in the vertical 
plane while the movements were made on an opaque digitizer tablet placed on a table should be 
accepted with caution. 
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Abstract: When we look at an object from different distances, the size of the image of the object 
projected onto our retina varies, yet we still perceive the object to be the same size. This 
phenomenon, called size constancy, is not only important for a stabilized representation of the 
external world, but is also crucial for proper interactions with objects in the surrounding 
environment. So far, many studies have investigated how various depth cues affect size 
constancy in perception, but much less effort has been spent investigating how these cues affect 
size constancy in actions, such as grasping. Moreover, there is still some debate as to whether or 
not there is size constancy in grasping (i.e., whether or not people use the same grip aperture to 
grasp an object at different distances). Previous research in our lab showed that even patients 
with visual form agnosia exhibit excellent size constancy in grasping. This was true when the 
patients viewed the object binocularly, but not monocularly. A very recent study, however, 
demonstrated that grip aperture increases as viewing distance increases, even when participants 
viewed the object binocularly in a lit room with all environmental information available. We 
argue that the lack of size constancy in grip aperture reported in that study is the result of 
different distances between the hand and the target object when the viewing distance was 
manipulated. This change in hand-target distance might have introduced biomechanical 
differences, especially when grasping objects at a far distance. In the current study, we tested 
whether or not there is size constancy in grasping when this biomechanical confound is removed. 
To accomplish this, viewing distance was manipulated by changing the participants’ head 
position while keeping the positions of the hand and object fixed. The first/closest distance was 
set at 15cm. The second distance was 1.5 times the first distance, and the final/furthest distance 
was 2 times the first distance. Stimuli consisted of spheres of three sizes: 2.5cm, 3.75 cm and 5 
cm in diameter. Two extra sizes (1.25 cm and 6.25 cm) were also included but were not 
analyzed. Participants were asked either to grasp the sphere as quickly and accurately as possible 
with their thumb and index finger, or to manually estimate the diameter of the sphere using the 
same fingers. Participants showed excellent size constancy in both grasping and manual 
estimation (i.e. their grip apertures were unaffected by viewing distance), which suggests that 
grasping is governed by size constancy mechanisms when biomechanical differences are well 
controlled. 
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Abstract: Human survival depends on the ability to perform quick and accurate movements with 
our limbs and with hand-held tools. To overcome the temporal delays and noise of the 
sensorimotor system, the brain uses internal forward models to predict the sensory consequences 
of actions as a function of motor commands (Miall and Wolpert, 1996; Franklin and Wolpert, 
2011). Although it has been previously theorized that the brain forms forward models of hand-
held tools (Imamizu et al., 2000, 2003; Higuchi et al., 2007; Imamizu, 2010; Imamizu and 
Kawato, 2012), direct experimental evidence supporting a link between tool use and predictions 
of forward models has been lacking. Specifically, whether these predictions are computed in the 
same way as those associated with limb movements without tools remains unknown. To address 
this question, we investigated whether the predictive attenuation of touch observed when 
touching one hand with the other (Blakemore et al., 1998, 1999; Shergill et al., 2003; Bays et al., 
2005) would also be observed for touch applied with a hand-held tool. In Experiment 1 (n=12), 
we show that when the touch is applied with the index finger (no tool), it is attenuated only when 
the positions of the hands are aligned (distance between hands=0 cm) as during natural self-touch 
but not when the hands are placed at a distance of 25 cm (t(71)=6.18, p<0.001, CI=[0.29, 0.56]). 
In Experiment 2 (n=12), we demonstrate that self-touch with a hand-held tool (distance between 
hands=25 cm) is attenuated to the same degree as direct touch applied with the index finger when 
the hands are aligned (t(71)=-0.40, p=0.687, CI=[-0.25, 0.17]). Finally, in Experiment 3 (n=12), 
we show that touch is attenuated only when the tip of the tool is positioned so that it is aligned 
with the passive hand that receives the touch (distance between the tip and the hand=0 cm) but 
not when the tip of the tool is placed at a distance of 25 cm (t(71)=11.14, p<0.0001, CI=[0.69, 
0.99]). In summary, the results demonstrate for the first time that the sensory consequences of 
actions involving hand-held tools are predicted and attenuated to the same extent –and under the 
same spatial principles– as actions involving the digits alone. Based on our findings, we propose 
that the brain uses a flexible strategy to predict the sensory consequences of movement: 
predictions are not made on the basis of the state of the body-part per se but rather on that of the 
end-effector, i.e., the digits during natural manual interaction or the tip of the tool during tool 
use. This computational mechanism allows hand-held tools to act as versatile natural extensions 
of the hands in terms of sensorimotor predictions. 
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Abstract: The ability to generate quick submaximal forces (i.e. neuromuscular quickness) is an 
important aspect of motor function that can deteriorate with aging or with the presence of 
neurological diseases. This function has been assessed through isometric force production tasks 
completed under instructions to produce each force pulse as quickly as possible to varying 
submaximal amplitudes. The slope of the regression line drawn between the peak values of brief 
force pulses and the peak values of rate of force development (named as rate of force 
development scaling factor; RFD-SD) quantifies the neuromuscular quickness. The R2 obtained 
from the same regression line represents the robustness of RFD-SF as a controlled variable. To 
assess quickness, previous studies used ecologically valid tasks during which subjects were 
asked to grasp an instrumented cane-like device and to produce tangential force pulses (i.e. load 
force; LF) by pushing down on it. Although one has to produce a quick grip force (GF) pulse to 
generate the LF pulse in those conditions, only the quickness of LF was studied. Therefore, we 
do not know if the quickness of GF was a limiting factor for the quickness of LF. The aim of this 
study was to compare the RFD-SF and R2 of GF and LF obtained in tasks when they acted 
together with those obtained in tasks when they acted individually. Twelve healthy young 
participants produced brief force pulses under three conditions: 1) gripping the GF-LF measuring 
device to produce both LF and GF pulses (GF-LF), 2) gripping the GF-LF measuring device to 
produce GF pulses (GFonly), and 3) pushing down on another device which was strapped to the 
subject’s wrist to create LF pulses without using GF (LFonly). Results revealed a similar RFD-SF 
for GF and LF when they had to act together in GF-LF condition (p>0.05). However, RFD-SF 
for LFonly was higher than those obtained for LF in GF-LF condition (p<0.01) while RFD-SF 
values were similar between GFonly and those obtained from GF in GF-LF condition (p>0.05). 
Regarding R2, results revealed similarly high values in all conditions with an exception of lower 
values obtained for LF in LF-GF condition. Overall, these findings reveal that quickness of grip 
force production could be slower than the quickness of load force production, suggesting the 
importance of quickness training of GF producing muscle especially in populations who are 
prone to falls. 

Disclosures:  M. Uygur: None. L. Funk: None. 



Poster 

623. Human Finger Movements 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 623.18/UU12 

Topic: E.04. Voluntary Movements 

Support: NSERC grant 

 CIHR grant 

Title: The impact of self-modulation of physiological tremor amplitude on its frequency 
components 
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Abstract: Aims: We have previously demonstrated that physiological tremor amplitude can be 
voluntarily modulated. However, what is not known is the impact of such modulation on the 
different frequency bands, and how it changes the time series characteristics in term of the 
nonlinearity and irregularity. We aim to determine the effect of modulation on physiological 
tremor characteristics. Methods: Finger physiological tremor (right hand) was recorded using a 
laser displacement sensor on 8 right-handed participants in a control condition and during a 
modulation of physiological tremor where they were asked to reduce the amplitude of their 
physiological tremor amplitude, without using co-contraction as a means to attempt to stabilize 
their finger. Each participant performed 3 trials of 45 s for the two conditions. Descriptors in 
temporal domain, RMS value, and frequency domain such as mean frequency (MNF), median 
frequency (MDF), the spectral index (FrI = MNF/MDF), high order central moments/statistic 
(SHOS) of the spectral density and power spectral entropy (SEn) were computed for the band-
pass filtered signals to compare the two experimental conditions. Results: The results of the 
present study revealed significant differences, between the two experimental conditions, for 
RMS variable and the ratio FrI. We noted also a slight increase in MNF in the modulation 
condition compared to the control condition, indicating a slight shift of power towards high 
frequencies but this difference was not statistically different. The SHOS revealed a significant 
increase in the 2nd moments (dispersion index) for the modulation condition, however, the 
spectral density shape remain asymmetric and leptokurtic during the two conditions. The SEn 
showed that spectral structures remained the same for the two conditions. Additionally, surrogate 
data test for nonlinearity, using time reversibility (Tr) and approximate entropy (ApEn), indicated 
that the recorded tremor signals had mostly nonlinear properties during both experimental 
conditions, but the signal during the modulation condition became more complex and irregular. 



Using the Hilbert Huang Transform (EMD-HHT), we revealed a significant decrease of the 
amplitude for all intrinsic mode functions (IMFs) during the modulation trials, with important 
spectral shape alteration for the IMF-2 and IMF-3, which corresponded to the frequencies in the 
7-11 Hz range associated oscillations generated within the central nervous system. Conclusion: 
These results suggest that voluntary tremor modulation will affect both the mechanical reflex and 
central neurogenic components of physiological tremor. 
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Abstract: Attention-Deficit/Hyperactivity Disorder (ADHD) is a common, childhood-onset, 
heterogeneous neuropsychiatric disorder characterized by inattention and/or hyperactivity-
impulsivity. ADHD persists into adulthood in up to 65% of individuals. In addition to the core 
behavioral features, motor impairments are reported in up to 50% of individuals and deficits in 
this domain may be associated with poor adaptive functioning in daily life skills, socialization, 
and self-direction. Although numerous studies have reported poor inhibitory control in ADHD, 
the button-press task that has been used in these studies records performance errors only via the 
presence or absence of a single key press. This all-or-nothing response makes it impossible to 
capture subtle differences in motor inhibition. In the current study, inhibitory control was 
measured using a continuous grip force task that provides a sensitive metric for understanding 
how inhibitory control is altered in ADHD. In this study, we used a classic go/no-go task as well 
as a grip force variant to measure motor inhibition in young adults aged 18 - 24 with (N = 40, 22 
female) and without (N= 40, 22 female) ADHD. For each task, participants completed two 
blocks of 100 trials (25% no-go trials). The grip force task included two conditions: low (15% of 
maximal voluntary contraction) and high (60% of maximal voluntary contraction) amplitude. 



Participants produced force for 750 ms with a 500 ms inter-trial-interval. In addition to the force 
task, participants completed a button-press task with an identical experimental timeline. As 
expected, adults with ADHD made more failed inhibits in the classic go/no-go paradigm, but 
also produced more force in no-go trials in both the low and high force amplitude grip force task. 
No between-group differences in mean force output were observed for go trials. Bivariate 
correlations revealed that the mean force produced in no-go trials was positively correlated with 
no-go failure rate for the classic go/no-go task, as well as self-reported measures of symptom 
severity on the Conners’ Adult ADHD Rating Scales (CAARS-S:L), including 
Inattention/Memory Problems and Hyperactivity/Restlessness. This study provides a novel 
examination of motor output during inhibitory control. The results suggest that the current and 
most commonly used indices of inhibitory control are insufficiently sensitive to assess cognitive 
and motor impairments observed in adults with ADHD. Further, this work has important 
ramifications for studies examining the longitudinal course of the disorder. 
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Abstract: Introduction: 
Loss of upper limb function is a common symptom in people with Huntington’s disease (HD), a 
neurodegenerative disease that causes cognitive and motor abnormalities for which there is 
currently no cure. This can impact upon activities of daily living such as eating, getting dressed 



and multi-tasking and can severely affect quality of life. As there is currently no sensitive upper 
limb outcome measure for people with HD there is an imperative for well defined, quantitative 
measures to track disease progression and to assess the impact of new therapeutic interventions. 
Here we describe the development and evaluation of the Moneybox test (MBT). This is a new 
functional dexterity multi-task assessment developed in accordance with translational 
neuroscience and physiological principles for people with a broad disease manifestation, such as 
HD. 
Methods: 
Participants with HD (n=30) and a healthy reference group (n=8) were recruited to perform the 
MBT whilst wearing small, non-invasive accelerometers on their wrists and chest, which were 
used to quantify involuntary movement. The MBT comprised 3 tasks, which required subjects to 
transfer tokens into a moneybox in order of size (baseline), value (dual task) with and without 
reciting the alphabet (triple task). This was tested alongside other well validated single and dual 
tasks including the Timed Up and Go and Letter Verbal Fluency, Stepping and the Stroop task, 
and Walking and Talking. Other measures specific to HD and quality of life were also recorded 
including the Unified Huntington’s disease rating scale-total motor score (UHDRS-TMS), 
UHDRS-total functional capacity (TFC), Short Form-12 (SF-12) and the Problem Behaviors 
Assessment (PBA). 
Results: 
HD patients were grouped into stage of disease based on their UHDRS-TFC score. MBT 
performance was significantly reduced across every stage of disease compared to the healthy 
reference group. Uniquely the MBT significantly distinguished the subtle differences between 
the reference group and people with the earliest stages of HD. MBT performance significantly 
and more closely correlated with gold standard measures of impairment in HD such as UHDRS-
TMS, UHDRS-TFC, SF-12 and PBA than any other single and dual outcome measures tested. 
Conclusion: 
The MBT provides a sensitive, affordable outcome measure for people with HD and is more 
sensitive across disease stage than other commonly used measures such as the Timed Up and Go 
task. Future work includes interpretation of accelerometer data to determine if involuntary 
movement increases with cognitive load in this disease population. 
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Title: Differential effects of left and right hemisphere stroke on a precision grip force task 
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Abstract: A common occurrence of stroke, especially a stroke involving the territory of the 
middle cerebral artery (MCA) is the presence of persistent motor impairments in the distal upper 
extremity contralateral to the lesion. Of particular importance is the ability to modulate fingertip 
forces used in grasping control, as this ability is crucial to the completion of many activities of 
daily living. Although previous research has shown deficits in fingertip force modulation in both 
the affected (contralesional) and non-affected (ipsilesional) hand, the causes for these deficits has 
not been adequately explored. An increasing body of research has elucidated the differing roles 
the left and right hemispheres play in motor control. Specifically, it has been suggested that the 
left hemisphere is critical for predicting effector and task dynamics, whereas the right 
hemisphere is involved in steady-state final position control. The presented research examined 
the ability for stroke survivors to generate forces using their index finger and thumb during a 
precision-grip isometric force matching task. We predicted that performance on the task would 
be reduced when compared to control participants when testing both the “affected” and “non-
affected limb”. Further, we predicted that performance between those stroke participants with 
right hemisphere damage (RHD) and left hemisphere damage (LHD) would be dissociable, due 
to the differing role each hemisphere plays in motor control. Thirty-five right-hand dominant 
stroke participants (17 with the Left-Hemisphere affected) with mild upper-extremity 
hemiparesis and 50 healthy, age-matched control participants produced forces of 5, 10, 15, 20, 
25, and 30 percent of maximal voluntary contraction using their index finger and thumb. As 
expected, when compared to healthy control participants, both RHD and LHD stroke participants 
displayed deficits in the force matching task. Additionally, there were significant differences in 
performance metrics between those with RHD and LHD, with those with RHD showing 
increased difficulty with the task, regardless of the hand used. Taken together, these results 
provide further evidence of the distinct roles the left and right hemisphere play in motor control, 
while simultaneously highlighting the necessity to consider the differential contribution each 
hemisphere makes to best enhance post-stroke recovery of the fine fingertip forces required for 
successful object manipulation. 
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Title: Memory-guided force control in healthy older adults 
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Abstract: Visual feedback is a rich source of information for guiding human motor performance 
and provides a basis for the formation of memory to guide performance in the absence of visual 
feedback. The goal of this study was to examine visually-guided and memory-guided precision 
force in healthy young and older adults. Previous work demonstrates that healthy young adults 
decrease force output as a function of time when visual feedback is not available. We 
hypothesized that the rate of the decay of force output would be greater for healthy older adults. 
Two groups of participants, young adults (YA: N = 33, mean age 20.9 years) and older adults 
(OA: N = 34, mean age 69.4 years), completed 20-second trials of isometric force with their 
index finger and thumb, equal to 25% of their maximum voluntary contraction. The visual 
display contained a movable force bar and a stationary target bar. Participants were instructed to 
move the force bar vertically to overlap the target bar, which indicated the target amplitude. In 
the full vision condition, visual feedback was available for the duration of the trial. In the no 
vision condition, visual feedback was provided for the first 8 seconds of the trial. In the 
remaining 12 seconds, participants were instructed to maintain the same amount of force in the 
absence of visual feedback. For each visual condition, mean force for each second in the last 12 
seconds of each trial was submitted to a 4 (trial) by 12 (time) by 2 (group) mixed model 
ANOVA. In the full vision condition, OA produced more force than YA; however, no other main 
effects or interactions were observed. In the no vision condition, OA produced more force than 
YA, and a time by group interaction was revealed. To examine this interaction, we calculated the 
rate of decay of force over the 12 seconds without visual feedback. An independent samples t-
test demonstrated that YA had a faster rate of decay of force compared to OA. This finding 
suggests that OA may be better able to store and/or access motor memories to guide force in the 
absence of visual feedback. 
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Title: Cortico-cortical and corticomuscular (de-)synchronization in discrete movements: how 
does ageing affect inter-hemispheric interaction? 
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Abstract: Many everyday tasks like tying your shoes require your hands to act in unison. 
Bilateral coordination, however, might be easier than moving hands or fingers independently. 
One reason for this could be an involuntary cross talk between hemispheres in the central 
nervous system. Cross talk may change as a function of age as, for instance, the integrity of the 
transcallosal fibers deteriorate. Yet it is unclear to what extent age-related structural changes 
yield a bias towards symmetry/asymmetry of bimanual performance and/or a lateralization/de-
lateralization of cortical activity. To establish age-related changes in motor performance and in 
the cortical motor network, we compared 11 elderly (60-77 yrs) with 11 young participants (21-
30 yrs) conducting bimanual coordination tasks with distinct degrees of difficulty. Participants 
controlled a cursor with left/right pinch-grip forces to follow a target. The degree of difficulty 
was manipulated by amplifying high-frequency components of one of the two forces when 
displaying the cursor - by this we sought to amplified the cross talk. 
We recorded force production and defined the error of performance (E) via the distance between 
target and cursor. We also determined the Pearson correlation (ρ) and the F-statistics of Granger 
causality (G) between force traces as estimates of bimanual interference. All asymmetric tasks 
displayed increased E, ρ, and G rendering poor performance and strong left/right interference. 
The latter was stronger in the elderly as both E and F were larger than in the young group. E and 
F were positively correlated implying a Granger causal relation between left and right end-
effectors to induce performance error. 
Cortical and muscular activities were assessed through EEG and EMG, respectively. We 
reconstructed source activity using broadband LCMV beamformers with AAL-atlas-based 
regions-of-interest. Next to analyzing power changes, we focused on the amount of alpha and 
beta phase synchronization between bilateral M1, PM1, and SMA, and between M1 and 
contralateral finger flexors. In line with the behavioral outcome the asymmetric tasks revealed 
the most pronounced inter-hemispheric phase synchronization between bilateral M1 and PM1. 



The bilateral phase synchrony discriminated the two groups: task-related synchronization was 
increased in the elderly. Cortico-muscular synchrony with the right first dorsal interosseous 
revealed a strong involvement of ipsilateral controllers only in the elderly. Taken together our 
results suggest an altered interhemispheric as well as cortico-muscular entrainment as prime 
cause for reduced dexterity of distal upper limb function in the elderly. 
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Title: Representation of finger movements from macaque area AIP, F5 and M1 
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Abstract: The ability to move individual fingers is a specific feature of primates. In the macaque 
brain, the anterior intrapariental area (AIP), the ventral premotor area (area F5), and the hand 
area of primary motor cortex (M1) are strongly linked to the planning and execution of hand 
grasping movements. Whereas previous studies of individual finger movements have focused on 
execution signals in M1, we investigated here the population coding of all three areas for 
individual finger control. A macaque monkey was trained in a delayed finger task with visual 
cues, in which the thumb, index and middle finger were flexed and hold individually or in 
combination with its neighboring fingers (5 conditions). A micro-switch manipulandum detected 
flexion movements and provided tactile feedback. The task consisted of several epochs, in which 
“fixation”, “cue”, “go”, and “hold” were used for decoding. Floating microelectrode arrays were 
implanted in AIP, F5, and M1 contralateral to the moving hand (64 channels per area), allowing 
us to record spiking activity simultaneously from about 200 single and multi-units. Firing rates 
of individual units from all areas showed similar patterns: they were tuned for single and 
multiple finger movements (cluster-based permutation test, p<0.05) with different amplitudes. In 
particular, neural activities of combined finger movements were no simple linear combinations 
of individual finger activities. Comparing the tuning onset of the three areas, AIP units had a 
significantly earlier tuning onset at the population level than F5 and M1 (cluster-based 
permutation test, p<0.05), giving evidence of visual input before movement. Another way to 



show the visual component of AIP was to calculate the partial correlation coefficient (pcc) 
between a type of error trial and its two types of corresponding correct trials (“cue error pcc” for 
the pcc between one type of error trial and the type of correct trial with the same cue, and 
“movement error pcc” for the pcc between the same type of error trial and the type of correct 
trial with the same movement). The cue error pcc in AIP was higher than the movement error pcc 
throughout the whole trial, while in M1 the movement error pcc exceeded the cue error pcc 
before hold epoch and reached maximum shortly after hold. The tuning onset and the pcc both 
supported the “visuomotor grasping circuit” hypothesis of Jeannerod. In conclusion, decoding of 
finger movement conditions (1 out of 5) was best for M1 (75 %), and significantly worse for F5 
(59%) and AIP (47%) (ANOVA, p<0.05), suggesting that finger movement execution signals are 
best represented in M1. 
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Title: Changes in the M2 projection to medullary precerebellar relay nuclei correlate with 
recovery of upper limb function after peri-rolandic injury in macaca mulatta 
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Abstract: There is considerable interest in the role of spared descending neural pathways 
following injury to cerebral cortex because these projections may play a role in recovery of 
upper limb motor control. Using high-resolution tract tracing we previously found that isolated 
lateral frontal motor injury (F2 injury) results in an enhanced corticospinal projection (CSP) 
from spared supplementary motor cortex (M2) residing in the lesioned hemisphere (McNeal et 
al., 2010 J Comp Neurol 518:568), but this favorable, upregulated response is unequivocally 
blocked following combined lateral frontoparietal injury (F2P2 injury) (Morecraft et al., 2015 J 
Comp Neurol 523:669). We used the same experimental cases (4 F2 lesions, 4 F2P2 lesions) and 
3 control cases to determine if a similarly polarized neuroplastic response occurs in the 



projection to medullary precerebellar relay nuclei, specifically the lateral reticular nucleus (LRN) 
and epi-olivary subnucleus (EO) of the LRN. We also examined whether the distribution of the 
projection to the LRN and EO was correlated with measures of recovery of reaching and fine 
hand motor function. We found that the M2 projection to the contralateral dorsal region of the 
LRN was enhanced in F2 lesioned monkeys, but was variably enhanced or weakened among 
F2P2 lesioned monkeys that appeared to be related to variations in F2P2 lesion size/location. The 
M2 projection to the contralateral EO was variably enhanced and weakened in both F2 and F2P2 
lesioned monkeys. These altered M2 corticofugal projections correlated positively with recovery 
of both reaching to and grasping small food objects with the contralesional hand in F2P2 
lesioned monkeys. However, recovery of grasping in F2 lesioned monkeys was also positively 
correlated with recovery of grasping but negatively correlated with recovery of reaching. Thus, 
changes in the M2 projection to precerebellar nuclei may favorably affect recovery mechanisms 
underlying contralesional arm reaching and hand fine motor function after peri-Rolandic injury. 
This may occur through a number of cerebellar output systems, including the cerebellar-
thalamic-cortical feedback loop directed to spared M2 in the lesioned hemisphere. 
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Abstract: Musicians' dystonia (MD) is a neurological movement disorder that affects 1-2% of 
all professional musicians. It is considered a task-specific disorder that results in abnormal 
patterns of finger movements during musical performance. One leading hypothesis for the 
etiology of MD argues that repetitive movements result in abnormal representations of hand 
movements in the sensorimotor cortex (Byl et al., 1996). Specifically, the spatial distances of 
finger representations on the sensorimotor cortical sheet are thought to be reduced, resulting in 



increased involuntary co-contractions during task-specific activity. Here, we use behavioral 
measurements and functional magnetic resonance imaging (fMRI) to determine whether 
sensorimotor representations are distorted in MD. 
A cohort of professional musicians (N=8 without MD, N=9 with MD), were instructed to 
perform a finger individuation task with either hand. Participants made individuated force 
presses with an instructed finger at varying force levels, and the patterns of involuntary forces 
produced by the passive fingers of the instructed hand (enslaving), and by all fingers of the 
uninstructed hand (mirroring) were measured. In comparison to the control group, the MD group 
demonstrated increased enslaving (t(16) = -3.15, p=0.006) and mirroring (t(16) = -2.978, 
p=0.009) on both their affected and unaffected hands. Furthermore, similar to increases in 
magnitude, the patterns of enslaving were also different across groups (χ2(1,6)=28.2, p<1e4). 
Thus, in contrast to task-specific dystonic symptoms, these finger individuation deficits appear to 
be much more generalized. 
We also probed the finger representations of the MD and non-MD group using 7T fMRI. 
Participants either made individuated force presses ('motor' condition) at low force levels or had 
single fingers passively lifted ('sensory' condition) inside the scanner. Although strong 
somatotopic organization was observed in the primary somatosensory cortex for both groups, we 
found no reduction in spatial distances as a result of dystonia in either the primary 
somatosensory (S1, t(15)=-0.504, p=0.621) or the motor cortex (M1, t(15) = -1.468 p = 0.163). 
Even when using more sensitive multivariate measures of pattern overlap, we found no 
significant difference in the arrangement of digit activation patterns between groups. This was 
true for both S1 and M1, and for both the motor and sensory task conditions. 
To summarize, our results suggest that hand deficits in MD are partly generalized and not 
entirely task-specific, and furthermore challenge the notion that MD is caused by increased 
overlap of finger representations in the sensorimotor cortex. 
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Title: Theta burst stimulation primarily modulates motor cortex engagement for ipsilateral, not 
contralateral, finger movements 
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Abstract: Noninvasive brain stimulation (NIBS) is known to modulate cortical excitability, 
based on its effects on motor evoked potentials. Theta burst stimulation is considered either 
excitatory in its intermittent form (iTBS) and inhibitory in continuous form (cTBS). Many 
questions remain about the nature of these excitability changes: 1) whether they generalize to 
other regions of cortex, 2) how they affect task-induced activity in the stimulated region, and 3) 
how they affect distant regions, especially homologous areas in the contralateral hemisphere, 
which is highly relevant as several applications of NIBS are based on altering the balance of 
interhemispheric inhibition. To address these questions, we measured oscillatory neuronal 
activity before and after iTBS and cTBS, using magnetoencephalography (MEG). Specifically 
we studied the effects of left motor cortex stimulation on induced changes in oscillatory power 
associated with moving the left and right index finger. 
12 right-handed participants performed a visually cued finger movement task, pressing a button 
with either hand. After ~25 minutes of MEG, participants underwent stimulation to left motor 
cortex, iTBS in one session, and cTBS in another. Next, they did another 50 minutes of the MEG 
finger movement task. 
Finger movements induced the expected patterns of oscillatory reactivity in motor cortex - 
bilateral mu (8-12 Hz) and beta (15-30 Hz) power decrease, beta rebound, and gamma (65-85 
Hz) increase, timelocked to movement onset. Beta rebound and gamma increase were strongly 
lateralized to left cortex for right-hand movements. Left hand movements, however, evoked 
bilateral activity in these measures. 
The effects of TBS were mainly on activity associated with ipsilateral hand movements. Relative 
to iTBS, cTBS to left motor cortex induced increased gamma power in right motor cortex for 
right hand movements: i.e. inhibiting the dominant left motor cortex caused the right motor 
cortex to "come online" to support movement of the right hand. In contrast, the same stimulation 
reduced gamma power in the left motor cortex for left hand movements: i.e. inhibiting the left 
motor cortex reduced its involvement in left hand movements. 
These findings suggest that NIBS may not have a strong effect on task activation in motor cortex 
for contralateral movements, suggesting that a similar level of activity is required to execute the 
movement regardless of the baseline state of excitability. Instead, NIBS may modulate the 
degree to which activity spreads to the other hemisphere. This provides empirical support to 
studies aiming to modulate transcollosal inhibition through NIBS, for example in stroke 
recovery. 
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Title: Task-dependent coherence across finger muscles 
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Abstract: Multiple task-related muscles may be grouped together by the nervous system through 
the distribution of a shared control signal. This common intermuscular signal contains 
oscillations which may be useful in characterizing different neural control strategies. To date, the 
principles which determine the strength and frequency content of common oscillatory drive to 
groups of muscles are not well understood. In this study, we tested the hypothesis that the 
mechanical relationship between muscles, within the context of a given task, determines the 
spectral content of their shared neural drive. Ten healthy adults were asked to complete i) a 
static, isometric pinch using the thumb and index finger (2N force), ii) a sinusoidal, isometric 
pinch (1 to 3N force), and iii) rotation of a pinched object between the index finger and thumb of 
their self-reported dominant hand. Surface EMG signals were recorded from the first dorsal 
interosseous (FDI), abductor pollicis brevis (APB), and flexor digitorum superficialis (FDS). 
Coherence between the EMG signals recorded from each pair of muscles was analyzed (from 1 
to 50 Hz) to determine if the frequency content of shared drive varied between muscle pairs. We 
found that during object rotation, both the FDI and APB muscles lost coherence (at nearly all 
frequencies) with the FDS muscle, while FDI:APB coherence increased at 10 and 40 Hz, and 
was unchanged at 20 Hz, relative to the isometric pinching tasks. During the sinusoidal 
modulation of pinch force, FDI:APB coherence was generally reduced compared with the other 
two tasks, while coherence between the FDI and FDS muscles (which are more directly 
synergistic) increased. In contrast, spectral power changed relatively little above 5 Hz across 
tasks. We interpret these findings as evidence that the spectral content of shared neural drive, as 
measured by intermuscular coherence, depends upon the mechanical contribution that each 
muscle makes to the task at hand, as well as the degree of function coupling required between 
muscles. We speculate that such dependence contributes to the known sensitivity of 
intermuscular coherence to movement and the dynamics of force production. 
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Abstract: The vast majority of motor actions, including their preparation and execution, is the 
result of a complex interplay of various brain regions. Novel methods in computational 
neuroscience allow us to assess interregional interactions from time series acquired with in-vivo 
techniques like electro-encephalography (EEG). These methods provide different neuronal 
representations of movement (e.g. ERD, ERS, PLI). However, our knowledge of the functional 
changes in neural networks during non-pathological aging is relatively poor. 
To advance our knowledge on this topic, we recorded EEG (64 channel system) from 18 right-
handed healthy young participants (22-35 years, 10 female) and 24 right-handed healthy old 
participants (60-79 years, 12 female) during a simple motor task. The participants had to execute 
voluntary low frequency left or right index finger tapping movements. 
We used the relative phase-locking value (rPLV) computed from the phases obtained by Morlet 
wavelet transformation of the Laplacian-referenced EEG data to identify the functional coupling 
of brain regions during the motor task. We analyzed the connectivity for electrodes lying above 
the left and right premotor areas (lPM: F3, FC3 and rPM: F4, FC4), supplementary motor area 
(SMA: Cz, FCz) and the left and right primary motor cortex (lM1: C3, CP3 and rM1: C4, CP4). 
We compared the resulting networks of significant phase-locking increase in time-intervals prior, 
during and after the movement. 
Our analysis revealed an underlying coupling structure around the movement onset in the delta-
theta frequency band (2-7 Hz), only. For young subjects, the connection from SMA to M1 



contralateral to the moving hand showed a significant rPLV increase already in the preparatory 
phase of the movement. This synchronization remained significant during the movement and in a 
time intervalafter it. In elderly subjects, however, the change in rPLV between SMA and 
contralateral M1 was significant only during the execution of the movement. We furthermore 
monitored the behavioral performance of the two age groups and observed a lower movement 
speed in the elderly subjects. We therefore suggest that a lateralized rPLV between SMA and M1 
prior the movement is needed to accurately initiate and perform the finger movements. 
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and elderly subjects 

Authors: *L. LIU1,2, N. ROSJAT1,2, S. POPOVYCH1,2, A. YELDESBAY1,2, B. A. WANG2, T. 
TOTH1, C. GREFKES2,3, G. FINK2,3, S. DAUN1,2;  
1Heisenberg Res. Group of Computat. Biology, Dept. of Animal Physiol., Inst. of Zoology, Univ. 
of Cologne, Koeln, Germany; 2Cognitive Neuroscience, Inst. of Neurosci. and Med. (INM-3), 
Res. Ctr. Juelich, Juelich, Germany; 3Dept. of Neurology, Univ. of Cologne, Koeln, Germany 

Abstract: Motor actions are generated by complex interactions of various brain regions. The 
same brain regions can build various functional networks depending on the action to be 
performed. Identifying the neural signals that encode an action's components (selection, 
preparation and execution) remains a difficult task. 
In the current study, we seek to identify common neural markers of movement execution valid 
for both age groups in cortical motor regions. Therefore we recorded electroencephalography 
(EEG) data from 18 young (11F, 22-35 years) and 24 elderly (12F, 60-78 years) right-handed 
healthy subjects as they were performing a simple motor task. The task required participants to 



execute a left or right index finger button press triggered by a visual cue or by an uncued 
voluntary choice. 
In both age groups, we found significant phase locking in the delta-theta frequency band (2-7 
Hz) in motor areas contralateral to the moving hand prior to movement execution. This phase 
locking occurred irrespective of how the action was initiated (with or without a visual cue) and 
was not significantly different in strength between the two age groups. However, the length of 
phase locking, particularly in the primary motor area contralateral to the moving hand, was much 
shorter in the elderly than in the young subjects, meaning that phase locking occurred later and 
finished earlier in time. 
In addition, we monitored the performance of the two groups of participants and observed that 
movement and reaction times were significantly longer in the elderly. Moreover, the maximum 
phase locking value around movement onset was, in the young subjects, correlated with 
movement time at the electrodes located above the primary motor cortex. This correlation 
between the electrophysiological effect and the behavioral performance shifted to frontal regions 
in the elderly subjects. 
In summary, our results suggest that phase locking in the delta-theta frequency band, i.e. the 
enhanced intra-regional synchrony in motor regions contralateral to the moving hand, constitutes 
a prerequisite for triggering the movement execution. We furthermore hypothesize that the 
earlier the significant phase locking occurs the better the motor action can be initiated and 
performed. Finally, we also suggest that, in elderly subjects, the additional recruitment of the 
frontal regions might constitute a mechanism to support the execution of the motor task. 
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Abstract: Task-dependent decreased powers over sensorimotor regions have been shown to be 
more widespread and less lateralized when it is close to the unilateral hand movement onset, 
which plays important role in the normal aging and recovery of the stroke patients. However, the 
mechanism underlying this change of less lateralization of powers is still largely unclear. In this 
study, we are interested in the mechanism by which the motor system drives the ipsilateral 
powers during motor preparation in order to keep the performance of movement under the 
control of two different initiating networks, namely, Self-initiated and Visually-cued actions. In 
order to answer our question, we collected 64-channel EEG data while participants performed 
self-initiated and visually cued button presses with their index fingers. We found a significant 
decrease of power in α-band (8-13 Hz) and β-band (14-30 Hz) over ipsilateral primary motor 
area (iM1) during movement preparation in both conditions. In Self-initiated condition, a 
significant spectral coherence between left M1 and right M1 was found in α-band for both hand 
movements. And, the higher LM1-RM1 coherence was associated with the more decrease of 
high-β (22-30 Hz) power over iM1. Additionally, we found a significant coherence between the 
supplementary motor area (SMA) and iM1 in the α-band prior to a left hand movement in the 
Self-initiated condition, which similarly regulates the high-β power over iM1. In Visually-cued 
condition, however, RM1 and premotor area (PM) has the significant coherence with iM1 in δ-θ-
band (2-7Hz) only during left hand movement. Moreover, the higher coherence between the right 
PM and iM1 in δ-θ-band is correlated with more decrease of high-β power over iM1 during left 
hand movement. Our findings suggest that the ipsilateral β oscillations seem not merely the 
result of interhemispheric modulation, but involve additional task-dependent processing. 
Considered that the increased β oscillations are related with greater GABAergic inhibitory 
activity, we may conclude that the task-dependent control network is involved in the control of 
ipsilateral β oscillations by distinct neural control patterns, with the purpose of suppressing 
output to the muscles of the nonmoving hand from the ipsilateral cortex. 
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Abstract: In humans it is well established that the ventral premotor cortex (PMv) plays a key 
role in controlling grasping movement. PMv conveys grasp-related information to the primary 
motor cortex (M1), which converts it into a grasp-specific motor command relayed to hand 
muscles via the corticospinal pathway. However, monkey studies have reported that PMv, as 
well as having a number of indirect projections to the cervical spinal cord (e.g. via M1 and the 
brainstem), provides direct projections terminating in the upper and lower cervical segments. 
Whether such projections exist and are functional in humans is unknown. Here we used 
transcranial magnetic stimulation (TMS) over PMv to condition H-reflexes elicited via low 
intensity peripheral nerve stimulation (PNS) whilst subjects sat at rest. The TMS coil was placed 
over the caudal part of the inferior frontal gyrus (cortical surface MNI coordinates: X=57.4, 
Y=17.7, Z=15.7). PNS was applied percutaneously to the median nerve in order to elicit H-
reflexes in the flexor carpi radialis muscle. In order to time the arrival of the descending and 
ascending volleys onto the spinal motoneurons accurately we measured the central conduction 
time (CCT; measured from M1) and peripheral nerve conduction time (PNCT) for each 
individual subject. H-reflexes were either elicited alone (baseline) or conditioned by PMv TMS. 
We investigated 6 inter-stimulus intervals (ISI), namely -4, -2, 0, 2, 4 and 6 ms, where negative 
ISIs indicate that PNS is delivered prior to TMS, 0 ms indicates that PNS and TMS-evoked 
volleys converge at the same time on the spinal motoneurons, and positive ISIs indicate that 
TMS was given prior to PNS. In addition, we tested 3 TMS intensities (80%, 100% and 120% of 
resting motor threshold). Our results show that while threshold conditioning pulses over PMv 
had no effect on H-reflexes, both subthreshold and suprathreshold pulses increased the H-reflex 
amplitude compared to baseline H-reflexes. Specifically, subthreshold PMv conditioning pulses 
significantly facilitated H-reflexes at -2 and 4 ms ISIs, whereas suprathreshold conditioning 
pulses only facilitated H-reflexes at a 2 ms ISI. To ensure these effects were not due to a spread 
of activation from PMv to M1, we also conditioned H-reflexes with TMS over M1. Our results 
allow us to speculate that recruiting sub- or suprathreshold PMv projections reveals a different 
time course of indirect interactions with upper and lower cervical segments. PMv projections 
have a net and diffused facilitatory effect on spinal excitability; with subthreshold outputs 
interacting with both upper and lower segments and suprathreshold outputs only with lower 
segments. 
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Abstract: Theoretical perspectives on anticipatory planning of object manipulation have 
traditionally been informed by studies that have investigated kinematics (hand shaping and digit 
position) and kinetics (forces) in isolation. This poses limitations on our understanding of the 
integration of such domains, which have recently been shown to be strongly interdependent. 
Specifically, recent studies revealed strong covariation of digit position and load force during the 
loading phase of two-digit grasping. Here we determined whether such digit force-position 
covariation is a general feature of grasping. We investigated the coordination of digit position 
and forces during five-digit whole-hand manipulation of an object with a variable mass 
distribution. Subjects were instructed to prevent object roll during the lift. As found in precision 
grasping, there was strong trial-to-trial covariation of digit position and force. This suggests that 
the natural variation of digit position that is compensated for by trial-to-trial variation in digit 
forces is a fundamental feature of grasp control, and not only specific to precision grasp. 
However, a main difference with precision grasping was that modulation of digit position to the 
object’s mass distribution was driven predominantly by the thumb, with little to no modulation 
of finger position. Modulation of thumb position rather than fingers is likely due to its greater 
range of motion and therefore adaptability to object properties. Our results underscore the 
flexibility of the central nervous system in implementing a range of solutions along the digit 
force-to-position continuum for dexterous manipulation. 
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Abstract: Carpal Tunnel Syndrome (CTS) is an entrapment neuropathy of the median nerve 
resulting in sensorimotor impairments in the hand. Damage of the median nerve in the wrist 
affects patients’ ability to use tactile feedback from the affected digits, and therefore 
sensorimotor integration and overall hand function. Accurate quantification of these phenomena 
can potentially aid in CTS diagnosis and prognosis. The clinical diagnosis of CTS is based on 
electrodiagnostic tests (EDT), which is also used to assess CTS severity. However, in clinical 
settings the decline in manual dexterity is often determined using measures such as pinch 
strength and sensory acuity that fail to capture more complex and critical aspects of hand 
function, i.e., the ability of integrating tactile feedback with planning, selection, and execution of 
motor commands. Our studies on the effects of CTS patients on the control of grasping and 
manipulation revealed an impaired ability to generate, store, and retrieve sensorimotor memories 
from past manipulations, thus preventing planning and execution of multi-digit forces on a trial-
to-trial basis. The present study quantified the extent to which CTS-induced deficits in 
sensorimotor integration (SI) and results of EDT correlate. We used data collected on CTS 
patients with mild (n=12) and moderate (n=17) severity from our previous studies to determine, 
using regression analysis, the correlation between EDT and SI measures. Subjects performed a 
grip and lift task that required them to lift an inverted T-shaped object using their thumb and four 
fingers. We considered grip force and the net moment exerted on the object measured at the time 
of lift onset as measures of SI. In moderate CTS cases, longer median sensory nerve distal 
latency (MSNDL) predicted larger magnitude of moment applied to the object at lift-onset 
(p=0.03). Larger moment on the object can alter its orientation, thus potentially affecting manual 
dexterity. No correlation was found between EDT and SI measures in mild cases. Our findings 
suggest that EDT measures in patients diagnosed with moderate CTS have a greater 
informational content as these measures, in addition to electrophysiological deficits, determine 



the degree of sensorimotor integration deficits. Conversely, no correlation between these 
measures in mild CTS patients raises the question of whether they may capture very different, 
yet potentially complementary dimensions of hand function in the early stages of median nerve 
compression. 
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Abstract: Human machine interfaces usually require users to learn new visuomotor mappings 
with multiple degrees of freedom. However, neural and biomechanical constraints may limit the 
extent to which new mappings can be acquired, stored, and generalized. To improve the design 
and training efficiency of these novel mappings, it is important to understand how the central 
nervous system exploits the available solution in motor space. We addressed this question 
through an experiment that required human participants (n = 5) to learn a novel visuomotor 
mapping with four finger forces. Specifically, participants had to control a 2D cursor in a center-
out task by exerting grip force with the fingertips of their dominant hand while grasping a 
stationary handle. The finger forces were scaled to single finger maximum voluntary contraction 
forces for each subject, then mapped to cursor positions by a 4×2 matrix, such that the index, 
middle, ring, and little finger moved the cursor along +x, −x, −y, and +y axes, respectively. We 
used three experimental sessions that consisted of cycles of 36 targets which were evenly spaced 
around the starting area. Participants performed 12 cycles in the training session on the first day, 
and came back 24 hours later for a 2-cycle retention test session, and a 5-cycle across-hand 
transfer test session. Performance was measured by movement time and submovement 
characteristics for each target acquisition. With regard to movement time, participants started 
with non-uniform performance across quadrants. This indicates a differential initial force 
coupling of different combinations of fingers. After training, however, participants reached each 



target at similar durations across all quadrants. We also found that there was no significant 
change in the duration and distance of submovements through training with a total of 432 targets, 
but the number of submovements per target decreased. Interestingly, we found that the 
percentage of submovements that were aligned with the direction of single finger actuation 
significantly increased, suggesting a control strategy based on sequential, rather than 
simultaneous, force production by individual fingers. Finally, we found that the acquired 
mapping can be well retained and generalized to the non-dominant hand on the second day. 
These preliminary findings provide new insights on motor skill learning with multiple degrees of 
freedom. 
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Abstract: Unique sensorimotor mechanisms appear to underlie manipulation using a grasp 
requiring self-selected (unconstrained) vs. predetermined (constrained) contact points. During 
unconstrained grasping, additional digit force corrections are required to compensate for 
variability in where the digits grasp the object relative to planned contact points. Our recent work 
demonstrated that a virtual lesion over primary motor cortex (M1) has a differential effect on the 
grasp execution depending on whether subjects used a constrained or unconstrained grasp. We 
believe that this is due to the different extent to which the sensorimotor system relies on 
feedback of digit placement to modulate forces. However, the offline M1 stimulation used in our 
previous work did not allow us to examine the corresponding spatial and temporal features of 
neural activation. Therefore, the present experiment used electroencephalography (EEG) to 
investigate activation in the larger grasping network during unconstrained and constrained 
grasping. Our hypothesis was that grasp type-dependent cortical activation would be associated 
with differential weighting of sensory feedback in the two grasp contexts. Six subjects performed 
a visually-cued grasp and lift task using a precision (thumb-index) grasp at unconstrained or 



constrained locations. Trials were blocked such that the grasping context was similar across trials 
(blocked) or could vary from trial-to-trial (randomized). indicated by a visual ‘go’ cue on each 
trial In both contexts, we asked subjects to lift an object with an asymmetrical center of mass 
while minimizing tilt. Time-frequency analysis of EEG data revealed greater modulation in 
gamma band power (25-50 Hz) in the unconstrained than unconstrained grasping over left 
prefrontal and sensorimotor regions during the first 500 ms following the ‘go’ cue. Interestingly, 
this modulation was sensitive to whether subjects performed grasping trials in a blocked vs. 
randomized manner. Relative to the unconstrained context, increased gamma band activity was 
present in the constrained context during random trial presentation (p < 0.05), but decreased 
during blocks where the context was similar across trials (p < 0.05). Our findings are consistent 
with previous EEG work demonstrating changes in gamma power during motor memory 
retrieval tasks, and are the first to explore the involvement of specific frequency bands during 
grasping tasks requiring differential weighting of feedforward vs. feedback mechanisms. 
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Abstract: An issue in sensorimotor learning during object manipulation is understanding how 
previously learned motor commands can be generalized to manipulating the same object in a new 
context. Object manipulation requires combining visual cues provided by object geometry and 
implicit knowledge of object properties to select appropriate grasp points and digit forces. If 
visual geometric cues do not match object properties -e.g., visual symmetry and asymmetric 
mass distribution - initial manipulation yields large errors. Further improvement must rely on 
implicit recall of object properties to adjust motor commands. We previously found that the 
information learned from lifting an asymmetrically weighted object is not readily transferred to a 
new context, i.e., after a 180° object rotation. Large errors (object tilt) occur during transfer trials 
that are akin to, or larger than initial learning. Despite these results, errors made on transfer trials 
do not allow discrimination of whether or not this interference arises from treating the second 



context as novel, or a bias induced by the previous manipulation. To distinguish between these 
interpretations, we used electroencephalography (EEG) to examine the neural dynamics of 
participants while they learned to grasp and lift a visually symmetric but asymmetrically 
weighted object. After an initial learning block, participants performed nine transfer blocks. This 
consisted of lifting the object once after having rotated it 180° (transfer trials), followed by 
rotation back to the original context for four trials. Consistent with our previous work, transfer 
and post-transfer trials exhibited differing degrees of switching interference (error). Initial 
learning involves selecting appropriate motor commands while overcoming the conflict between 
explicit visual cues and object dynamics that is learned implicitly. Conflict during action 
selection and response uncertainty has been linked with increased theta activity (4-8 Hz) over the 
medial frontal cortex (MFC), and beta (15 - 30 Hz) suppression over primary motor areas during 
response planning. Therefore, if the second manipulation context is treated as novel, we expected 
similar theta and beta activity in early initial learning compared to transfer trials. EEG data 
revealed that frontal theta and motor beta activity was larger during learning in the initial context 
compared to the rotated transfer context. This preliminary analysis suggests that motor errors 
during transfer arise from a motor command bias, which is likely due to use-dependent repetition 
from initial learning and an inability to switch contexts immediately. 
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Abstract: Skilled object manipulation relies on precise anticipatory planning processes that in 
turn rely on visual estimates of object properties and prior grasping experience. The prevalent 



theoretical framework about object manipulation is that sensory feedback plays a dual role: (1) 
acquiring information about object properties (‘online’ control), and (2) forming internal 
representations of object dynamics to anticipate the digit forces that will arise when manipulating 
objects (‘feedforward’ control). Visual information about an object to be grasped is used to select 
an appropriate grip type. A wide frontal-parietal cortical network plays a significant role for 
these visuomotor actions, in particular posterior parietal cortex being involved in planning of 
digit positions and forces during reach-to-grasp. Studies on anticipatory planning of object 
manipulation showed initial task failure (i.e., object roll) when visual object shape cues are 
incongruent with other visual cues, such as weight distribution/density (e.g., symmetrically 
shaped object with an asymmetrical density). This suggests that congruent and incongruent shape 
and density cues differentially influence anticipatory planning of digit forces and placement. We 
have recently shown differential modulation of digit placement and forces, but only when shape 
and density cues were congruent. When shape and density cues were incongruent, we found 
collinear digit placement and symmetrical force sharing. However, trial-to-trial variability in 
digit placement and forces were large. This is in line with the strategy that to generate a desired 
torque, a continuum of digit placement and force modulation may be employed. We tested 
whether shape and density cues would differentially influence the trial-to-trial variability of digit 
placement and forces during initial trials of a two-digit object manipulation task. Subjects 
grasped and lifted an object with the aim of preventing roll. In Experiment 1, the object was 
symmetrically shaped, but with asymmetrical density (incongruent cues). In Experiment 2, the 
object was asymmetrical in shape and density (congruent cues). In Experiment 3, the object was 
asymmetrically shaped, but with symmetrical density (incongruent cues). Results showed that 
even on unsuccessful trials, variability between digit placement and forces were correlated. Thus, 
though the congruency of visual shape and density cues affect overall outcome, the strategy 
employed is similar. This is in line with the theory of motor equivalence and influences our 
understanding of internal representations underlying planning and execution of grasping and 
manipulation. 
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Abstract: Understanding how the cortical motor regions control learned sequences of 
movements is one of the key issues in motor neuroscience. Here, using novel multivariate 
analysis techniques for human functional imaging data, we asked whether and how different 
areas along the hierarchy of motor and premotor regions represent different aspects of a sequence 
of finger presses, such as whole sequences, transitions between two consecutive presses, or 
individual finger movements. 
We scanned the brain activation of 9 participants while they produce repetitive presses with one 
of the 5 single digits or one of 6 multi-digit sequences. All trials consisted of 6 finger presses 
executed at 4 Hz tapping speed. To determine to what degree the information was driven by 
control processes or by sensory re-afference, we also repeated all sequences using passive 
stimulation of the hand by replaying exactly the force patterns recorded during the previous 
active session. 
To assess how these sequences are represented across different cortical regions we performed 
representation similarity analysis (RSA) on the local activity patterns in each region. We used a 
cross-validated distance measure, such that a systematically positive value indicates that the 
activation patterns for that pair of conditions were significantly different. 
We found robust encoding for single finger movements in contralateral primary sensory and 
motor, as well as in dorsal premotor cortex, supplementary motor area, and parietal regions, both 
in the active and passive conditions. All areas also showed encoding for multi-digit sequences. 
However, this representation was only found for the active, but not for the passive condition. In 
primary sensory and motor cortex, the activation for each sequence was dominated by the pattern 
associated with the first finger in the sequence. In contrast, in premotor and parietal regions, the 
encoding for the multi-digit sequence was independent of the single-digit maps. These results 
suggest that premotor regions show a different neural state for each of the possible sequences. In 



contrast, primary motor and sensory cortex receive a large descending input for the first finger 
press, after which the learned sequence can evolve using less synaptic activity. 
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Abstract: The complexity of human and primate motor behavior is largely enabled by the 
dexterity of our finger movements. Work in neural prosthetics has demonstrated the feasibility of 
controlling the aperture of basic grasp types (e.g. power & precision grips) and while these 
studies are important steps towards empowering paralyzed individuals to perform activities of 
daily living, these basic grasp templates provide strong constraints on the neural prosthetic 
behavioral repertoire. Fine dexterous control of individuated finger movements is of recent 
evolutionary origin and is primarily mediated by the corticospinal tract. Other forms of hand 
behavior (e.g. hand-holds for climbing) can be controlled via other descending pathways. The 
anterior intraparietal cortex (AIP) in the posterior parietal cortex is a subregion of the cortical 
grasp network thought to emphasize transforming visual information about object shape into 
appropriate grasp plans, and similar to premotor cortex (F5/PMv), shows specificity for whole 
hand shapes suggesting a possible library of whole grasp actions. Given the distributed network 
controlling the hand, and a primary role in transforming visual information, it is unclear whether 
the functional properties of AIP are suitable for neural control of dexterous hand actions. We 
tested how populations of neurons in AIP coded individuated and combined finger movements 
and the suitability of these signals for closed-loop cortical control in tetraplegic patients 
implanted with Utah arrays for a brain-machine interface clinical trial. We found that individual 



digit movements of the right and left hand are well represented. Some neurons were specific for 
a single digit while others were activated by several digits (e.g. right thumb and pinky, but not 
the index.) Functional overlap was prominent between matched digits of the right and left. 
Overlap was also prominent between the middle, index, and pinky potentially reflecting 
correlated motion during natural behavior and biomechanical factors. Digit representations coded 
for multiple degrees of freedom enabling decoding of 2D thumb movements. These neural 
representations provided a versatile set of control signals and could be used for a variety of 
prosthetic applications including the continuous control of individuated finger movements of a 
virtual avatar, two dimensional cursor control, and the detection of finger flexion movements for 
the neural control of a virtual piano and typing interface. Further, we found that the relationship 
between single finger movements and combined movements of multiple fingers and whole hand 
grasps was frequently complex, but with underlying structure. 
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Abstract: Step asymmetry post-stroke significantly limits patients’ mobility. It has been 
proposed that patients’ reduced perception of their gait asymmetry contributes to their inability 
to recover symmetric walking (Wutzke et al. 2015). Thus, there is an interest in understanding if 
the perception of step asymmetry can be altered. A recent study indicates that split-belt walking, 
in which legs move at different speeds, changes the perception of asymmetric walking speeds in 
unimpaired subjects (Vazquez et al. 2015). Here, we hypothesize that the perception of 
asymmetric step lengths can also be altered after split-belt adaptation. To test this, we 
investigated subjects’ perception of step lengths for each leg before and after split-belt 
adaptation. Participants (n=10, 25.2±4.3) first learned a spatial map of three distinct, subject-



specific, step length sizes (short, comfortable, and long) by observing their step length and the 
targeted step size. All visual feedback was displayed with an Oculus Rift and Vizard software. 
We assessed changes in subjects’ perception of their step lengths after two walking conditions: 
normal walking (n=5) at 1m/s and split-belt walking (n=5) at 1.5 m/s (fast leg) and 0.5 m/s (slow 
leg). Step length perception before and after walking was evaluated by recording step length 
accuracy while subjects walked at 1m/s with reduced visual feedback projecting only 35% of the 
actual step length error. Both groups walked for 810 strides before step length perception was 
assessed. A catch trial (both legs walk at 1m/s for 10 steps) was introduced during the walking 
period to identify motor after-effects induced by the split-belt walking condition. A two-way 
ANOVA with two factors, (1) walking condition and (2) stepping leg, was used to test for 
difference in motor and/or perception after-effects across groups or legs. We found that subjects 
in the split-belt group had significant motor (p=0.007) and perception (p=0.001) after-effects 
compared to the control group. We also found that perception after-effects were distinct for each 
leg: the slow leg undershot the stepping target while the fast leg overshot it following split-belt 
walking. Importantly, all subjects maintained the step size spatial map since there were no 
differences (p=0.66) in stepping accuracy for the different targets tested without visual feedback 
before walking and after perception after-effects were extinguished. In sum, we found that split-
belt walking induces changes in the perception of step lengths. This is important since paradigms 
like split-belt walking could be used to alter patients’ active perception of limb position and 
improve their awareness of asymmetric stepping. 
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Abstract: Activation of 'muscle synergies' has been proposed to underlie neural control of 
movement, and cortical damage is thought to change the structure of these neural commands 



(Cheung et al. 2014). To test these hypotheses we identified muscle synergies in unimpaired and 
post-stroke subjects that were independent from task requirements. We specifically recorded 30 
bilateral muscles in 16 chronic post-stroke subjects and 16 age and sex matched controls under 
two walking conditions imposing distinct movement demands: normal walking vs. split-belt 
walking, in which legs move at different speeds. We identified potential muscle synergies by 
computing covariance matrices indicating correlated activity across muscles. Importantly, we 
dissociated covariations in EMG signals due to task requirements and those due to common 
neural drive by analyzing 1) rectified and filtered EMG data ('full dataset') and 2) fluctuations in 
EMG recordings from the mean activity across strides ('intertrial dataset'). 
We found co-activations between anatomical (22/22 signif. correlations, median r2=.73), 
multijoint (119/188, r2=.30), and bilateral (149/225, r2=.29) muscles in the full dataset, which 
have been previously interpreted as anatomical, multisegmental, and bilateral muscle synergies, 
respectively. However, only anatomical co-activations were observed in the intertrial dataset 
(22/22, r2=.36), while the others became much weaker (r2<=.08). We also found that muscle co-
activations between bilateral muscles in the full dataset change across walking conditions to 
match changes in task constraints (median change in r2 =.14), whereas muscle co-activations in 
the intertrial dataset were maintained the same. 
Lastly, anatomical muscle co-activations identified in the intertrial dataset of patients were the 
same (22/22, r2=.40) as controls and surprisingly symmetric across legs. Conversely, full dataset 
analysis revealed that stroke patients have less multijoint (94/188, r2=.38) and bilateral (113/225, 
r2=.30) muscle co-activations than controls, suggesting a deficit in patients task performance or 
reduced task demands (since all patients walked slower than controls). 
Taken together these results suggest that only anatomical groups might receive unified neural 
drive, but correlated activity in muscles across joints and legs (multijoint and bilateral muscle 
synergies) reflects task demands, rather than shared neural control signals. As such, differences 
in multijoint and bilateral muscle synergies between patients and controls may represent patients' 
deficits in task performance or reduced task demands and not clear differences in neural 
commands. 
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Title: Deficits in automatic postural responses are related to cerebellar involvement in people 
with Multiple Sclerosis 
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Abstract: Introduction: Balance problems are prevalent in people with Multiple Sclerosis 
(PwMS); however, little is known about the mechanisms behind such deficits. We aimed to 
investigate ability of PwMS to predictively scale their postural responses to gradually increasing 
magnitudes of discrete surface perturbations. Given the cerebellum is responsible for predictive 
scaling or feedforward control of postural responses; we hypothesized that deficits in scaling 
postural responses to increased perturbation amplitudes will be related to the involvement of 
cerebellum in PwMS. Methods: Subjects (24MS, 14Control) stood on a force platform that 
translated backwards in four blocks of predictable increasing amplitudes (3.6, 6.0, 8.4 and 12 
cm). Each block consisted of five trials (total of 20 trials). To determine the role of feedforward 
mechanism, automatic postural responses to displacements was estimated as rate change of 
center of pressure under each foot before the feedback response could change the postural 
response. Predictive scaling was estimated by computing the slope of regression between early 
postural responses and gradually increased perturbation amplitudes. International Cooperative 
Ataxia Rating Scale (ICARS) was used as a clinical scale to assess the extent of ataxia. Diffusion 
weighted images (DTI) of brain were also acquired. Radial diffusivity (RD), an indirect neural 
marker of myelination, of cerebellar peduncles was calculated for each participant. Lower RD is 
interpreted as being indicative of better white matter tract microstructure. Results: To date, we 
have analyzed the data of 9 MS and 9 control subjects. Control subjects exhibited better scaling 
of postural responses to the increasing magnitudes of the postural perturbations than PwMS 
(Regression coefficients: Control: 0.75±0.38; PwMS: 0.37±0.65). For PwMS, slope of the rate 
change of center of pressure with respect to the perturbation magnitude was negatively correlated 
with the ICARS scores (r=-0.65). ICARS scores were also correlated to the radial diffusivity of 
the cerebellar peduncles (r=0.5). However, the radial diffusivity of cerebellar peduncles was not 
related to the rate change of center or pressure (Control: 0.12; PwMS: 0.3). Conclusion: 
Preliminary data suggests that deficits in predictive scaling of postural responses in PwMS seem 
to be related to the cerebellar involvement as evident by the relationship of ICARS and postural 
response scaling.  
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Abstract: Background: Activities of daily living (ADL) require balance control, especially 
during functional movement while performing other attention-demanding tasks. Older people 
with limited information-processing capacity are often challenged when performing several tasks 
simultaneously, that require greater attention resources. Moreover, older people who perform 
poorly under dual-task conditions are at increased risk of falls. We utilized a group of elderly 
men who are part of the Osteoporotic Fractures in Men (MrOS) cohort, to examine the dual-task 
impact on gait and balance, using wearable inertial sensors. We hypothesize that the impact of a 
cognitive challenge would be larger on balance than straight ahead gait in older men. 
Methods: Two-hundred seven, elderly men (mean age: 83, range 80-87) completed an 



Instrumented Stand and Walk (ISAW) test, wearing inertial sensors (APDM, Portland, OR), 
added to their routine MrOS study visit at the Portland, OR site. The ISAW protocol consists of: 
stand quietly for 30 seconds, followed by walking seven meters, 180° turn, and walking back 
seven meters. The protocol was repeated two times – without and with a dual task of reciting 
serial subtractions by three’s. Standardized response means (SRM) were used to determine 
relative dual-task effects on objective metrics characterizing balance (postural sway, turning and 
trunk motion in gait) and gait spatial/temporal metrics. An SRM value of 0.20 represents a small, 
0.50 a moderate, and 0.80 a large dual-task response. 
Results: Spatial and temporal measures of gait, such as gait speed, gait cycle time, stride length 
and angle at foot strike or heel off showed a large effect with the dual task compared to single 
task (SRM>0.8). Dynamic stability during gait, such as double support time also showed a large 
dual-task effect (SRM>0.8). In contrast, postural sway measures of amplitude, jerkiness, and 
velocity showed a small dual task cost (SRM<0.3), while sway frequency had a moderate dual 
task cost (SRM>0.5). Similarly, dual task cost was small when turning (SRM<0.2). 
Discussion: We showed that a concurrent cognitive dual task affected spatio-temporal gait 
parameters more than balance during postural sway, gait or a postural transition, such as turning. 
This suggests that more attention is required for gait than balance by older men in this task. We 
plan to divide our participants into fallers and non-fallers (prospectively) to determine if the 
effect of a concurrent dual task on specific domains of mobility could potentially serve as a 
biomarker for future falls. 
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Title: Biofeedback device for gait rehabilitation: a validity test 
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Abstract: Stroke patients exhibiting gait asymmetry require rehabilitation to improve walking 
and reduce injury from fall. A device, called ‘Walk-Even’, which consists of force sensor 
embedded insoles, a wireless module, a microcontroller, and a laser trigger system has been 
developed which analyzes gait and provides auditory biofeedback to correct gait asymmetry in 
real-time. To test Walk-Even’s accuracy in measuring the key gait parameters, an experiment 
was conducted on 17 healthy adults ages 18 to 28 to compare the measurements of Walk-Even 
with a commercial electronic pressure mat, the ProtoKinetics Zeno Walkway (Havertown, PA). 
During the experiment, participants wore Walk-Even while performing a straight walk at a self-
selected pace on Zeno Walkway. Two conditions were tested: normal walking and simulated 
asymmetrical walking. Asymmetrical walking was simulated by attaching a 7-pound weight on 
the participant’s ankle. Temporal gait parameters, including gait time (the time it takes for a 
person to complete one walking cycle), swing time (the time when the person’s foot is off the 
ground), and stance time (the time when the person’s foot is on the ground) were measured. The 
asymmetry ratio, defined as one minus the ratio between the stance time of the affected leg to the 
normal leg, was then calculated. Spatial gait parameters, including step length (the distance from 
a person’s first foot contact to subsequent contact of the opposite foot), stride length (the distance 
from a person’s first foot contact to next contact of the same foot), and average velocity were 
also determined. 
From the experiment, data analysis will show if the correlation between gait time, swing time, 
stance time, and asymmetry ratio between Walk-Even and Zeno Walkway were good. [Data to 
be reported]. These results may indicate Walk-Even’s ability to provide accurate gait 
measurements for future experimental use in stroke patient rehabilitation by providing 
biofeedback. Due to the affordability, portability, and user-friendly interface, Walk-Even could 
be a possible alternative to expensive commercial devices in analyzing gait asymmetry, and 
another option in traditional physical therapy treatment to correct gait asymmetry. 

Disclosures:  K.A. Leyba: None. I. Khoo: None. P. Marayong: None. V. Krishnan: None. O. 
Rojas: None. N. Balagtas: None. 



Poster 

625. Gait: Aging, Injury, and Disease 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 625.06/VV26 

Topic: E.06. Posture and Gait 

Support: NIH grant K99HD07849201A1 

 VA Merit Grant I01RX001075-01. 

 NIH grant 2R01AG006457-29 

Title: The effect of external cues and closed-loop biofeedback on Freezing of Gait in Parkinson's 
disease 

Authors: *M. MANCINI1, G. HARKER2, K. SMULDERS2, J. G. NUTT2, F. B. HORAK2;  
1Neurology, Balance Disorders Lab., Oregon Hlth. and Sci. Univ., Portland, OR; 2Oregon Hlth. 
& Sci. Univ., Portland, OR 

Abstract: Background. Accumulating evidence suggests that inadequate integration of sensory 
information and defective proprioceptive internal maps may underlie abnormal motor control in 
PD. Interestingly, freezing of gait most frequently occurs during tasks that require control of 
asymmetric motor tasks, such as turning or gait initiation and depend heavily on integration of 
proprioceptive information. For these reasons, augmenting somatosensory information with 
biofeedback during appropriate phases of the gait cycle may improve gait disturbances. Here we 
compare the effects of open-loop external cues (metronome) and closed-loop tactile biofeedback 
on freezing of gait (FoG) in Parkinson’s disease (PD). 
Methods. Twenty subjects with idiopathic PD with FoG (MDS-UPDRS III: 43±11 and new FoG 
questionnaire score: 18±7) performed a turning task, consisting of turning in place for one 
minute (changing turning direction after each full turn) while off their levodopa medication. 
Three inertial sensors were mounted on the posterior trunk and on each shin. Turning was 
compared across 3 randomized conditions: i) baseline (no cues); ii) turning to the beat of a 
metronome (control), and iii) turning with phase-dependent tactile biofeedback via light 
vibration to the wrists every time the ipsilateral foot was in stance phase. For each condition, a 
Freezing ratio calculated as the power spectral density ratio between high and low frequencies of 
shin accelerations and the percentage of time spent freezing during the task were measured. This 
study is in progress and will also examine 20 PD subjects without FoG. 
Results. All subjects showed mild-to-moderate FoG during the assessment. At baseline, the 
Freezing ratio was 2.2±0.4, and it significantly reduced with both the metronome to 0.8±0.2 
(p<0.001), and tactile-biofeedback conditions to 0.8±0.1 (p=0.001; one-way ANOVA F=6, 
p=0.004). Similarly, the % time spent freezing in the turning task significantly decreased from 



45±5% at baseline to 18±4% in the metronome condition (p<0.001) and to 19±4% in the tactile 
biofeedback condition (p=0.001; one-way ANOVA F=12, p=0.001). 
Conclusions. We observed a significant decrease in freezing of gait while turning in both a 
biofeedback (closed-loop) and externally-cued condition (metronome, open-loop). These 
preliminary observations suggest that augmenting somatosensory information with a phase-
dependent biofeedback system relying on an unobtrusive modality, might be an effective tool in 
reducing FoG in everyday life. 
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Abstract: Introduction: Altered perception of visuospatial information caused by visuospatial 
neglect (VSN) after a stroke; can lead to an impaired control of locomotor heading especially in 
response to visual stimuli present in the contralesional side of space. In a virtual reality scenario, 
we assessed how the presence of VSN influenced the ability of stroke survivors to modulate their 
heading in response to moving obstacles when walking towards a stationary target. Methods: 
Twenty-six stroke survivors (13 with and 13 without VSN) were instructed to walk towards a 
centrally-located target, while avoiding a collision with a moving cylinder that approached either 
ipsilesionally, contralesionally or head-on. Outcomes assessed were related to obstacle avoidance 
(onset-of-heading change, maximum mediolateral (MaxML) deviation, walking speed and target 
alignment (heading and head rotation errors with the target). Relationships between 
aforementioned measures with clinical measures of neglect severity were also examined. 
Results: Collisions with contralesional and head-on obstacles were observed in 75% of 



individuals with VSN individuals compared to 38% of individuals free of VSN. In individuals 
free of VSN, walking towards the same side as the approaching obstacle emerged as a safer 
strategy while deviating to the side opposite to the obstacle seemed more demanding (e.g. earlier 
onset-of-heading change, larger MaxML deviations and faster walking speeds) and led to 
occasional collisions. Individuals with VSN deviated to the ipsilesional side for all obstacle 
conditions, hence displaying same-side and opposite-side strategies for ipsilesional and 
contralesional obstacles, respectively. In this group, collisions with the contralesional obstacles 
were frequent, invariantly observed for the opposite-side strategy, and were associated with large 
delays in onset of heading reorientation. Individuals with VSN further showed greater delays in 
the onset-of-heading change, smaller distances from the obstacle and larger errors in alignment 
with the target at the end of the trial, compared to individuals free of VSN. None of the 
locomotor outcomes were explained by clinical measures of neglect. Conclusion: VSN 
negatively affects the modulation of the heading in response to moving obstacles while walking, 
leading to frequent collisions with obstacles approaching from the contralesional side and from 
head-on. The locomotor strategies adopted by stroke survivors with VSN further resulted in a 
failure to align with the intended goal. These findings could explain the poor community 
ambulation abilities commonly reported in individuals with post-stroke VSN. 
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Abstract: People with multiple sclerosis (MS) commonly have impaired balance control and 
often report that it is the most disruptive symptom of the disease. For example, people with MS 
have difficulty maintaining their balance when walking in new and unpredictable environments 
or when transferring their weight. These balance difficulties likely arise due to disorders of the 
sensory system that lead to inadequate motor responses during balance disturbances. As a result, 



people with MS develop compensatory strategies to maintain balance during functional tasks. 
The purpose of this study is to understand the strategies people with MS use to maintain balance 
in a challenging walking environment. In this preliminary study, we recruited four people with 
MS (1 male) and asked them to walk on a treadmill mounted on top of a six-degree of freedom 
motion base system under 3 conditions: sinusoidal (0.12 Hz) medial-lateral (ML) translation (6 
cm), combination of sinusoidal movement (0.12 Hz) in three-degrees of freedom (roll, pitch, 
yaw; RPY) (4 degrees), and no movement. We measured kinematics as subjects walked at their 
self-selected speed for 80 seconds for each trial. We analyzed step width, step length, cadence 
and margin of stability (measure of gait stability) during walking. Data are represented as percent 
change with respect to the stable walking surface. During the ML translation, MS subjects 
demonstrated wider (step width: +27.0%), shorter (step length: -3.4%) and faster steps (cadence: 
+3.1%), compared with unperturbed walking. During the RPY movement, MS subjects also 
demonstrated wider (step width: +8.1%) and faster steps (cadence: +2.0%), but had longer steps 
(step length: +4.0%). Margin of stability increased for both movement types, but the increase 
was greater for the ML translation (+9.0%) compared with the RPY movement (+2.1%). 
Previous studies have shown that a combination of increased step width and cadence, and 
decreased step length is a beneficial strategy for controlling balance during increasing frontal 
plane perturbations, which also increase the margin of stability. Our preliminary data suggest 
that people with MS have greater difficulty controlling their balance during more challenging 
walking conditions (i.e. RPY), and may indicate they are at greater risk for falls. This 
information could be used for rehabilitative interventions aimed at improving balance. 
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Abstract: INTRODUCTION: Wearable sensors could provide clinicians with access to motor 
performance of patients with PD as they undergo physical and clinical rehabilitation by 
analyzing the quality of their movements. However, the data captured by these sensors often 
have to be manually segmented before analysis could be performed. This process can be time 
consuming and cumbersome. We recently proposed segmentation algorithms based on peak 
detection using inertial sensors to automatically segment common activities in daily living by 
identifying the transition points between tasks. These algorithms were developed using a 
population of healthy older adult; however PD patients often exhibited altered gaits and 
movements due to the neurological damages caused by the disease. The aim of this study was to 
investigate the transferability of these algorithms in segmenting these tasks in patients with PD. 
METHOD: A modified Time-Up-And-Go (TUG) task was used since it comprised of four 
common daily living activities; Stand up, Walking, Turning, and Sit down, all performed in a 
continuous fashion. Twelve older adults who were diagnosed with early PD (Y&H<=2) were 
recruited for the study. They performed three trials of a 10 meters TUG task. They were outfitted 
with 17 inertial sensors covering each body segment. Raw data from sensors were detrended to 
remove sensor shift, normalized, and band pass filtered in the frequency domain with an optimal 
frequency to reveal kinematics peaks that correspond to different activities. Segmentation was 
accomplished by identifying the time of the first minimum or maximum to the right and left of 
these peaks. Multiple sensors were used to detect the same task transition point to create a 
redundant system to prevent detection failure due to altered gaits in PD patients. The 
segmentation times were evaluated by comparing them with the times identified by two 
independent examiners who visually segmented these tasks. RESULTS: The results showed that 
the two examiners had a variance of 175±106 millisecond (ms) during visual segmentation and 
the automated algorithm had a variance of 317±138 ms. This demonstrated that the automation 
could reliably segment these tasks just as well as the examiners but in less time. This was further 
reinforced by the fact that, on average, the difference in the transition points identified by the 
examiners and the algorithm was 466±138 ms. The study also demonstrated the need for a 
system of redundant sensors to robustly adapt to the variability in the pathological gaits and 
movements in patient with PD which was absent in healthy older adults. 

Disclosures:  S. Bogard: None. H. Nguyen: None. K. Lebel: None. P. Boissy: None. E. 
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Abstract: Many patients with ankle sprain complain of loss of control of the ankle joint, which 
may be related to the frequent recurrence of ankle sprains. Ankle instability is usually strongly 
related to mechanical and functional degeneration, signifying that it may stem from sensorimotor 
or neuromuscular deficits. Furthermore, cutaneous reflexes and their regulation are also 
important aspects of sensorimotor control like as walking. We have previously shown that the 
suppressive middle latency cutaneous reflexes (MLRs: ~70–120 ms) of the peroneus longus 
muscle (PL) were more pronounced on the injured sides of patients with chronic ankle instability 
(CAI) than on their uninjured sides or in control subjects during tonic contraction of the test 
muscles during sitting. However, it remains unknown whether the MLRs of the lower limb 
muscles during dynamic condition (like as walking) are modified in the patients with CAI. 
Therefore, the present study investigated the cutaneous reflexes in the subjects with CAI during 
walking to shed light on the neural mechanisms underlying the regulation of the lower muscles. . 
The participants were 10 individuals (8 males and 2 females) who had sustained CAI and age-
matched control subjects. Participants were asked to walk on the treadmill at a speed of 4 Km/h. 
To elicit cutaneous reflex, non-noxious electrical stimulation of the sural nerve at the lateral 
malleolus was applied during treadmill walking (PT ×2.5, 333 Hz, 5 pulses). EMG signals were 
recorded from the tibialis anterior (TA), medial gastrocnemius (MG), peroneus longus (PL), 
vastus lateralis (VL) and biceps femoris (BF). Using the Force sensing resistors (FSRs) data, all 
responses for all data for each stimulus condition occurring in the same phase of the step cycle. 
Subsequence analysis was conducted on full-wave rectified and averaged reflexes in 16 
equidistant phases of the movement cycle (n = ~20–30 responses per phase). 
During treadmill walking, locomotor background muscle activation patterns in CAI were almost 
the same as those in the control subjects. In PL and BF, phase-dependent modulation of MLR 
was found in both CAI and control subjects following the sural nerve stimulation, though the 
degree of modulation were blunted in CAI. On the other hand, in the TA and MG, phase-
dependent modulation of MLR was also found in both CAI and control subjects, but there was 
no significant differences. 
These findings suggest that MLR in PL and BF in CAI subjects during walking was modulated, 
and would be relate to impairment of ankle joint regulation. 

Disclosures:  G. Futatsubashi: None. S. Suzuki: None. H. Ohtsuka: None. T. Komiyama: 
None. 



Poster 

625. Gait: Aging, Injury, and Disease 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 625.11/WW5 

Topic: E.06. Posture and Gait 

Support: National Multiple Sclerosis Society Grant PP-1506-04668 

Title: Walking during continuous surface movement alters joint kinematics in persons with 
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Abstract: Dynamic balance is believed to be impaired in persons with multiple sclerosis 
(PwMS), but has not been well described in the literature. Therefore, the purpose of our study 
was to characterize gait kinematics during continuous, sinusoidal movements of a walking 
surface. In order to perturb balance during walking, participants walked on a treadmill mounted 
atop a 6-degree of freedom motion platform (MOOG, INC). Six participants (age range 44-63, 
1male/5 females) with MS walked at a self-selected speed during 4 sinusoidal movement 
conditions which were: no movement, pitch, roll, and roll, pitch, yaw combined. For movement 
conditions, we determined the maximum movement degree each participate could safely tolerate 
and perform our testing. Pitch and roll movements were performed at 0.12Hz, and the combined 
movement at 0.15, 0.16, 0.17Hz respectively. Retroreflective markers were placed on major 
landmarks to model sagittal plane lower extremity kinematics. We used a 14 camera Optitrak 
system and sampled the markers at 120 Hz to capture whold body motion. To quantify absolute 
variability of sagittal plane joint angles, we calculated the step-to-step standard deviation at each 
1% of the gait cycle and then averaged each of these values across the gait cycle. Ankle angle 
variability increased from 2.28±0.76º during no movement to 4.61±1.29º, 3.67±1.02º, and 
4.19±1.22º for pitch, roll, and combined respectively. Knee angle variability increased from 
2.72±1.00º during no movement to 5.63±2.09º, 2.97±1.05º, and 4.73±1.93º respectively. Hip 
angle variability increased from 2.02±0.954º during no movement to 4.36±1.40º, 3.29±1.08º, and 
3.84±1.48º. These data demonstrate that continuous walking movements require alterations in 
joint kinematics in PwMS. Therefore, our data suggest that our treadmill movements are more 
challenging than normal walking in PwMS. In the future, we will implement our movements into 
a training protocol designed to improve dynamic balance. 
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Abstract: Objective: We sought to determine the effects of Parkinson’s disease (PD) on cortical 
preparation and resulting motor execution during step initiation in predictable and unpredictable 
conditions. 
Methods: Ten subjects with PD and 12 older adults without PD performed forward steps to a 
target in predictable and unpredictable conditions. All subjects received a warning cue followed 
by a cue to step two seconds later. In the predictable condition, subjects were instructed to step 
with a pre-defined leg before trials, and in the unpredictable condition, the instructed swing leg 
was presented with the cue to step. Scalp EEG was used to derive parameters of contingent 
negative variation (CNV) and beta event related desynchronization (bERD). Force plates under 
the subjects’ feet were used to derive parameters of the anticipatory postural adjustment (APA). 
Passive-marker motion capture was used to derive step parameters. Mixed-model ANOVA were 
used to determine effects of group and condition on cortical preparation, the APA, and the step. 
Pearson's correlation coefficients were used to correlate clinical measures of PD severity to 
experimental task variables. Significance was set at 0.05. 
Results: No significant differences in cortical preparation were detected between groups. 
Subjects with PD exhibited significantly less change between the predictable and unpredictable 
conditions in the number of trials with multiple APAs, largely due to higher values in the 
predictable condition. Across both conditions, subjects with PD also exhibited delayed time-to-
peak APA and swing onset, diminished peak APA amplitudes, and prolonged APA durations as 
well as lower peak swing-foot velocities and smaller normalized step lengths. More impaired 
ambulatory capacity derived from the Movement Disorder Society-sponsored revision of the 
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) significantly correlated with later 
peak bERD (predictable condition) and APA amplitude onset latencies (unpredictable condition). 
Larger CNV amplitudes significantly correlated with larger normalized step errors (unpredictable 
condition) and greater motor symptom severity as recorded by the MDS-UPDRS (predictable 



condition). 
Conclusions: We confirm past reports of impaired step initiation with PD, which is similarly 
evident regardless of predictability of swing limb. Delayed cortical and postural preparation 
related to transitioning of motor state during step initiation associates with clinically impaired 
ambulatory capacity. Enhanced cortical preparation related to anticipation associates with 
impaired step accuracy and more severe motor symptoms. 
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Abstract: Introduction: Freezing of gait (FoG) is the strongest contributor to decreased quality 
of life in patients with Parkinson’s disease (PD). Previous work has shown that FoG is associated 
with impaired set switching performance on cognitive tasks. Here, we evaluated motor switching 
in a stepping task in people with PD with and without FoG. We hypothesize that motor switching 
for step initiation is impaired in PD with FoG compared to PD without FoG. 
Methods: Eighteen subjects with PD participated in this study, in their ‘OFF’ state. Nine subjects 
had self-reported FoG (Hoehn & Yahr 2, mean MDS-UPDRS-III 36) and 9 did not report FoG 
(Hoehn & Yahr 2, mean MDS-UPDRS-III 33). Subjects were instructed to take a step forward 
with their left or right foot depending on the auditory cue ‘same’ or ‘switch’, cueing a step with 
the same leg as in the previous trial or a switch to the contralateral leg. A total of 42 step trials 
were performed (21 of each condition). Angular velocity signals from inertial sensors placed at 
the shins were used to detect the instant of foot-off. Reaction time (RT) was calculated as the 
difference between onset of the auditory cue and the instant of foot-off. 



Results: Reaction time between PD with and without FoG did not differ significantly. Contrary 
to expectation, the reaction times for ‘switch’ leg trials were faster than in the ‘same’ leg trials. 
This effect was similar for PD with and without FoG (no significant FoG x switch effect). In 
addition, switch costs in trials requiring switching to the most affected and to least affected side 
were not different. Accuracy on the task was high for both groups (>99%). 
Discussion: Results did not support our hypothesis that PD with FoG would have higher motor 
switching costs for step initiation than non-freezers. In fact, in contrast to consistently reported 
delays in reaction time when switching between cognitive sets using upper limb responses, we 
observed faster responses when switching leg than when stepping with the same leg. 
Biomechanical and locomotor mechanisms related to balance control potentially underlie this 
discrepancy. For example, asymmetry in weight-bearing when returning from a step may be 
more advantageous to execute a next step with the contralateral leg, thereby masking central set 
effects. Alternatively, reciprocal pattern generators for locomotion may speed switching of steps 
between legs. 
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Abstract: Introduction: Dual task (DT) conditions, or the simultaneous performance of two 
attention demanding activities, results in greater number of falls in those with PD compared to 
their healthy peers. Characterization of gait dysfunction during DT conditions is needed on a 
clinical and biomechanical level. The purpose of this study was: 1) To compare the distance 
covered in an over ground Two Minute Walk Test (2MWT) under single task (ST) and DT 



conditions in individuals with PD; 2) To characterize changes in gait parameters observed during 
ST and DT conditions using a three-dimensional biomechanical gait analysis. Methods: 
Individuals with idiopathic PD performed the 2MWT on a flat, over ground surface under the 
following conditions: 1) Over ground walking alone (2MWTST); 2) While performing a cognitive 
task of Serial 7s (2MWTCOG); 3) While holding a cup of water (2MWTMOTOR). The 2MWTST and 
2MWTCOG were then performed on the Computer Assisted Rehabilitation Environment system, a 
virtual reality system with a fully integrated three-dimensional motion capture and a self-paced 
treadmill system. Results: Twenty-three participants completed the study. The mean UPDRS 
score was 33.0±13.1 with Hoehn and Yahr scores ranging between I-III. There was a significant 
difference in over ground distance walked between the 2MWTST (518.7 ± 85.2 ft.) and 
2MWTCOG (432.3 ± 98.2 ft.) (p<0.001) and between the 2MWTST and 2MWTMOTOR (467.7 ± 
76.4 ft.) (p=0.002). During the 2MWTCOG, individuals displayed a significant decrease in arm 
swing, velocity, cadence, step length, and a significant increase step width (p<0.05). Discussion: 
Individuals walked a significantly shorter distance during the 2MWT under DT conditions. The 
difference can be attributed to changes in velocity, cadence, and step length. By identifying gait 
parameters that are associated with DT losses, therapists may be able to provide more targeted 
treatments to improve gait performance. 
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Title: Bipedal hopping reveals evidence of advanced neuromuscular aging among people with 
mild multiple sclerosis 



Authors: *M. C. KIRKLAND, M. B. DOWNER, E. J. B. HOLLOWAY, E. M. WALLACK, E. 
J. LOCKYER, N. C. M. BUCKLE, C. L. ABBOTT, M. PLOUGHMAN;  
Mem. Univ., St John's, NL, Canada 

Abstract: Measures of walking such as the timed 25 foot walk test (T25FWT) may not be able 
to detect subtle impairment in lower limb function among people with multiple sclerosis (MS). 
We examined bipedal hopping to determine to what extent people with mild (Expanded Disease 
Severity Scale (EDSS) ≤3.5) MS would differ compared to age, gender and education-matched 
controls and elderly participants. We measured lower limb power (e.g. hop length, velocity), 
consistency (e.g. variability of hop length, time) and symmetry. Participants completed the 
T25FWT then walked at self-selected speed along an instrumented walkway (4.3m). After a rest, 
they then hopped using both feet four times along the walkway. We found that although the 
groups did not differ in self-selected walking speed and all groups scored below the six second 
cut-off for T25FWT, the Elderly group had significantly shorter hop lengths, more variability 
and more asymmetry than the Controls. The MS group were not significantly different from the 
Elderly or Controls in most measures and their values fell between the Control and Elderly 
groups. Hop length, but not measures of walking predicted EDSS score (R2=0.38, p=0.02). 
Bipedal hopping is a potentially useful measure of lower limb neuromuscular performance. 
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Title: Decreased nonlinear dynamic gait stability in acutely concussed athletes: a longitudinal 
analysis of dual-task gait 
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Abstract: Dual-task (DT) gait deficits have been reported following concussion. It is unclear 
whether these DT deficits impact the risk of global destabilizations in everyday life. This 
ambiguity may be due to the relatively low ecological validity of previous DT paradigms or the 
use of traditional gait metrics. We examined the effects of several ecologically valid DT 
paradigms on the local dynamic stability (LDS) of gait following concussion over several weeks. 
Three tasks were chosen: reading, a congruent head turning task - participants responded to an 
auditory tone by turning their head towards the cue, and an incongruent head turning task - 
participants turned their head away from the cue. We hypothesized that individuals with a recent 
concussion would demonstrate a greater decline in stability with the addition of a DT compared 
to controls in each condition. Twenty-five college athletes with a recent concussion were tested 
longitudinally at approximately of 2, 5, 10, 16, 23, 30, 37, 44, and 51 days post-concussion. 
Twenty-five controls were matched and tested at similar intervals. Participants walked at their 
self-selected speed for two minutes with no secondary task and with each of the three DT 
paradigms. The audio cue was delivered randomly to either the left or right ear at inter-stimulus 
intervals between 2.1 and 3.6 seconds. Protocols and procedures were approved by the Oregon 
Health & Science University IRB. Data were recorded from lumbar-mounted inertial sensors. 
Lyapunov exponents calculated from the tri-axial accelerations estimated the LDS. A linear 
mixed model compared the effects of group, time, task, group*time and group*task interactions 
on the LDS during gait. A main effect of task was found with the reading task differing from 
normal gait (p < 0.001). No differences among normal, congruent or incongruent head turns was 
found. A significant group*task interaction was found for the reading tasks only (p = 0.005). The 
reading DT requires suppression of the vestibulo-ocular reflex to maintain visual fixation and 
elicited significantly less stability in the concussed group. The rate of reading did not differ 
between concussed and control groups demonstrating that the concussed athletes could perform 
the reading DT adequately. However, the decreased gait stability suggests less attentional 
allocation on stability or difficulty integrating the various senses used to maintain stability. This 
increased instability during a fairly common DT may increase their risk for re-injury post-
concussion. 
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Title: Freezing of gait in Parkinson's disease consists of unique pressure-based gait phase 
transitions 
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Abstract: Freezing of gait (FOG) is a major debilitating symptom and cause of falls in many 
patients with Parkinson's disease (PD). FOG consists of sudden interruptions of the gait cycle of 
highly variable duration. It often does not respond to treatments given on steady basis, like 
medications, pacing sounds, and patterned visual backgrounds ("open-loop" interventions). We 
therefore plan to develop "closed-loop" interventions triggered by the onset of FOG episodes. 
This approach requires real-time detection of FOG onset. We introduce a new method of 
detection of FOG episodes based on underfoot pressure measured by custom-built instrumented 
footwear (SoleSound system). This fully portable system can measure temporal and spatial gait 
parameters and deliver auditory and vibrotactile feedback in response to those parameters. In this 
work, underfoot pressure data are recorded while a human subject walks freely in a 20-m range. 
We introduce a new variant of gait phase representation based on the binary on-the-ground/off-
the-ground state of the heel and forefoot. We studied such representations of foot pressure 
patterns during freezing and non-freezing portions periods of walking in patients with PD and 
FOG. Analysis of gait phase transitions revealed unique reversals of transition directions at the 
onset of FOG episodes. These transitions were different from those observed during gait 
initiation, walking, and turning. This finding allowed accurate detection of FOG onset using a 
look-up table comparison of the present and previous two gait phases. This method is suitable for 
future implementation of rapid real-time detection of FOG, possibly as quickly as 500 ms after 
FOG onset. The unique signature of FOG in gait phase space may hold clues to the nature of the 
gait control abnormality that underlies FOG. 
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Title: Callosal integrity and dynamic stability of gait in people with parkinsonism 
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Abstract: Introduction 
People with parkinsonism (PD) are at an increased risk of falls due to instability during walking. 
Impaired interhemispheric, communication has been suggested as a cause for decline in dynamic 
gait stability. Here, we studied the association of genu collosal integrity and measures of 
dynamic gait stability. The ‘margin of stability’ is a measure of how close a person is to 
instability, taking the spatio-temporal accuracy of medio-lateral foot placement with respect to 
the body center of mass into account. 
Methods 
We recruited 10 subjects with idiopathic PD, 10 subjects with frontal gait disorder, and 8 age-
matched healthy controls. All subjects underwent diffusion tensor imaging (DTI) to assess white 
matter microstructural integrity through the genu of the corpus callosum. Gait was assessed using 
an instrumented walkway (GAITRite). Margin of stability was calculated as the minimal 
difference between lateral center of pressure (CoP) and extrapolated center of mass (XcoM) 
during gait. Subjects performed three trials of 8 meters at a comfortable walking speed. 
Results 
Significant correlations between genu fiber tract microstructural integrity (FA) and stride width 
(Spearman’s rho -0.82) and margin of stability (Spearman’s rho -0.77) were found for the 
subjects with frontal gait disorders but not for the idiopathic PD or healthy controls. Subjects 
with frontal gait disorders walked with a wider stride width and a larger margin of stability than 
subjects with idiopathic PD and healthy controls (p<0.01). The margin of stability increased with 
stride width (Spearman’s rho 0.76, p<0.001). Coefficient of variation of margin of stability 
decreased with stride width in the Frontal and PD groups. Trunk displacement in the coronal plan 
was not different among the groups. 
Conclusion 
The inability for people with frontal gait disorders to tandem walk is related to mediolateral 
instability. By assuming a wide stride width, people with frontal gait disorders are more stable 
and less variable while walking than PD or control subjects with their normal gait width. 
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Abstract: Background: Evidence suggests that older adults become more reliant on cognitive 
resources to compensate for the structural and functional declines in the brain as a result of 
natural aging. Moreover, simple motor tasks, such as walking, become more cognitively 
demanding over time. This paradoxical relationship between diminishing supply of cognitive 
resources and increasing attentional demand is exacerbated in people with Alzheimer’s Disease 
(AD) and Mild Cognitive Impairment (MCI). The purpose of this study was to investigate the 
central hypothesis that the cognitive performance and manifestation of motor deficits under dual-
task conditions is predictive of cognitive decline throughout adult lifespan. 
Methods: Twenty-five middle-aged (MA) adults (7 males, 18 females, age=43±10.73 yrs, 
education=16±1.91 yrs), 23 older adults (OC)(7 males, 16 females, age 67±6.17 yrs, 
education=16±2.81 yrs), and 17 people with MCI (8 male, 9 female, age=64±5.24 yrs., 
education=16±2.00 yrs.) participated. Gait velocity at baseline was measured using a 10-meter 
walk test. Subjects were then asked to repeat the 10-meter walk under 4 different dual-task (DT) 
conditions designed to challenge their executive and memory function as they walk (i.e. DT-1: 
verbal fluency; DT-2: 5-digit span; DT-3: serial-7 subtraction; and DT-4: 3-item delayed recall 
tests). Gait velocity under each DT condition was recorded. One-way analysis of variance 
(ANOVA) was used to compare outcome variables across all groups. 
Results: Both MA and OC outperformed the MCI group cognitively in DT-1, DT-2, and DT-3. 
More importantly, MCI patients produced less words per second in DT-1 relative to MA and OC 
(p<0.05). In addition, MCI patients also exhibited a more pronounced gait slowing than MA and 
OC in DT-4 (p<0.001). 
Conclusion: These findings suggest that verbal fluency performance as measured by words 
produced per second under dual-task conditions, where cognitive function is challenged 
simultaneously when performing a motor (i.e. walking) task, is sensitive in differentiating early 
MCI patients who may appear cognitively intact. In addition, pronounced gait slowing under 



dual-task conditions may also have the potential to serve as a behavioral marker to better identify 
MCI at its pre-clinical stage. 
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Abstract: Background: Maintaining cognitive vitality at old age remains one of the most 
challenging endeavors in our rapidly aging society. It has been suggested that higher cognitive 
reserve (CR) may help maintain cognitive function later in life. However, with age, performance 
of routine motor tasks becomes more reliant on CR to compensate for the structural and 
functional declines in the brain. The purpose of this study was to examine the impact of 
education level on preserving cognitive performance in older adults. We hypothesized that 
people with higher education level will out-perform their counterparts in the dual-task (DT) tests 
where cognitive function is challenged simultaneously while performing a motor task (i.e. 
walking). 
Methods: Sixteen patients (7 males, age=64±5, Education=15.9±2.1, BMI=26 ±3) with mild 
cognitive impairment (MCI), a prodromal stage of Alzheimer’s disease (AD), and 23 non-MCI 
older adults (7 males, age=67±6, Education=15.8±2.9, BMI=27±4) participated. Educational 
level was documented (years). Gait velocity (m/s) at baseline was measured using a 10-meter 
walk test. Subjects were then asked to repeat the 10-meter walk under 4 different dual-task (DT) 
conditions designed to challenge their executive and memory function as they walk (i.e. DT1: 
verbal fluency; DT2: 5-digit span; DT3: serial-7 subtraction; and DT4: 3-item delayed recall & 



sorting tests). Gait velocity under each DT condition was also recorded. 
Results: No significant difference was found in educational level and body mass index (BMI) 
between 2 groups although MCI exhibited more gait slowing (21%) during DT4 than their non-
MCI (5%) counterparts (p=<.001). More importantly, a negative relationship was found between 
educational level and gait slowing under DT4 in non-MCI subjects (r2=.28, p=.01), indicating 
less gait slowing in those with more years of education. However, the same relationship was not 
found in the MCI group (p>.05). 
Conclusion: Our findings suggest that years of education plays a protective role in normal 
cognitive aging as supported by the cognitive reserve theory. Interestingly, the same beneficial 
effect cannot be applied in the MCI group, suggesting that cognitive decline trumps educational 
level in MCI disease course. 
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Abstract: Aging is associated with a loss of motor co-ordination that results in an increase in 
number of falls, greater incidence of hip fractures and a general decline in the quality of life of 
the elderly population. An increase in oxidative stress with aging, resulting in damage to 
dopaminergic neurons that play a role in controlling motor function, has been implicated in the 
onset of motor deficits. We hypothesize that antioxidant therapy will be effective in combating 
motor function loss induced by increase in oxidative stress. One such antioxidant is resveratrol, a 
phytoalexin found in red wine, grapes and berries. Resveratrol is known for its anti-
inflammatory, anti-cancer and neuroprotective properties. Our goal is to elucidate the effects of 
resveratrol on motor deficits in an animal model of aging. We supplemented the diet of middle-
aged (14-16 mo) C57BL/6 male mice with resveratrol (120mg/kg of food). The mice will be 
administered the diet chronically (6months) and will be tested for motor deficits every 2 months. 
Although we did not observe a significant improvement in exploratory behavior as measured by 



the spontaneous activity test at an early time point (2 months), we postulate that the low 
bioavailability of resveratrol necessitates its administration for a longer time duration and will be 
effective in attenuating motor deficits following prolonged supplementation. 
In addition to behavior changes, we also plan to elucidate the mechanisms through which 
resveratrol acts because this has not yet been fully understood. Extracellular protein kinase 1 and 
2 (ERK1/2), belonging to the mitogen-activated protein kinases (MAPK) family, are involved in 
cell proliferation, differentiation, migration, and survival. Natural antioxidants, including 
resveratrol, have been known to activate these pathways in vitro. Therefore, we were therefore 
interested in testing the effects of resveratrol on these pathways in vivo. We have previously 
found that resveratrol activated ERK1/2 in the striatum of old mice (22-24mo) compared to 
young (2-4 mo) old mice following short-term resveratrol administration. We will therefore 
investigate if a chronic resveratrol diet activates these signaling pathways in the areas of the 
brain involved in modulating motor function (striatum and ventral tegmental area). 
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Abstract: Dual-task research explores the mechanisms behind fall risk in Alzheimer’s disease 
and other dementias. However, investigations including mild cognitive impairment (MCI) are 
few. The present dual-task study, uses dichotic listening (DL) during walking to challenge gait 
and attention in MCI. Different auditory stimuli are presented to each ear. In three conditions, 
subjects forced their attention towards a specific ear, or freely attended stimuli from any ear. 
Thus, DL mimics real life situations that require different levels of attention during walking. 
Execution of DL and walking in a dual-task situation allows to study the interplay between 
motor control, cognition and perceptual integration in elderly populations with increased risk of 



falling. Aim. Evaluate the effects of a new dual-task paradigm focusing on control of auditory 
attention on spatiotemporal gait parameters and cognition in healthy elderly and older people 
with MCI. Methods. 15 MCI subjects (M =72,87 years) and 15 age-matched controls, all right-
handed. The experiment had four conditions: normal walking baseline and three dual-task DL-
conditions: Non-forced (NF), Forced-Right (FR) and Forced-Left (FL). Gait measures of step 
length, stride length and speed were evaluated with the Optogait©-system. The mean and 
coefficient of variation (CV) were calculated and used for group comparisons for both feet and 
per foot to explore laterality effects. Statistics. Mixed model ANOVAs with repeated measures 
were conducted. Results. MCI participants showed difficulty in attentional auditory control. In 
both groups, DL performance affected step and speed and their variability across conditions. All 
groups had shorter steps, decreased speed and higher variability that gradually become more 
accentuated from baseline to FL condition. Group differences were present as MCIs had higher 
variability, shorter steps/strides and were slower than controls. An interaction effect was 
observed in all groups on the FR condition where elderly and in special, the MCI group, had 
shorter strides and higher variability on the left foot. Conclusion. Performance on DL during 
walking affects spatiotemporal parameters of gait in elderly controls and more evidently in MCI 
individuals. In particular, focusing attention to the right ear seems to disturb the contralateral 
lower limb. This finding needs to be understood as a disruption of the lateralization of motor 
control caused by competing sources of information. The use of DL during walking proves to be 
a useful paradigm to comprehend effects on gait caused by specific attentional constraints. 
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Title: Higher levels of perceived groove in music improve spatiotemporal parameters of gait 
during accelerated rhythmic auditory stimulation 



Authors: *E. A. READY1, L. M. J. MCGARRY2, J. D. HOLMES3, J. A. GRAHN2;  
1Hlth. & Rehabil. Sci., 2Psychology, 3Sch. of Occup. Therapy, Univ. of Western Ontario, 
London, ON, Canada 

Abstract: Music-based rhythmic auditory stimulation (RAS) is a cueing technique used in gait 
rehabilitation, typically involving synchronizing footsteps with the beat in music. The beat rate 
of the music is generally adapted to be at or slightly faster than the participant’s walking pace. 
The effects of music-based RAS can be enhanced by using ‘high groove’ music (music that 
induces the desire to move), which elicits larger and faster strides than low groove music when 
walking at normal pace. However, RAS outcomes vary significantly across individuals, so other 
factors clearly remain to be optimized. One potential factor is whether participants are instructed 
to synchronize to the beat or not. Instructions to synchronize may be detrimental to participants 
who have difficulty perceiving a beat, resulting in higher cognitive demand, which is known to 
impair gait. Therefore, we examined how task instructions (synchronized versus ‘free’ walking) 
and beat perception abilities influence spatiotemporal parameters of gait when walking to high- 
and low-groove music. Healthy young adults (n = 37 to date, data collection ongoing) were 
randomly allocated to either synchronized or free-walking RAS. In both conditions, participants 
walked back and forth eight times across a sensor walkway to assess baseline gait parameters. 
Then, participants walked to high- and-low groove music that was adjusted to be 15% faster 
(beats per minute) than baseline cadence (steps per minute). Finally, participants completed the 
Beat Alignment Test to measure beat perception ability. Preliminary results indicate that RAS 
elicited longer, faster and more stable strides, but only when stimuli were high groove. In high 
groove conditions, stride velocity, cadence, and stride length significantly increased relative to 
low-groove music. Stride width decreased during high groove conditions, indicating greater gait 
stability. There also appear to be interactions between groove and synchronized versus free-
walking, suggesting the effects of groove may be more prominent during synchronized than 
during free-walking RAS. Future analyses will investigate the relationship of these factors to 
beat perception abilities. 
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Title: Auto detection of daily living activities during a Timed-Up-and-Go (TUG) task in patients 
with Parkinson’s disease using multiple inertial sensors 
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Abstract: INTRODUCTION: Recently, much attention has been given to the use of inertial 
motion sensors for remote monitoring of individuals with limited mobility, particularly in 
patients with Parkinson’s disease (PD). However, the focus has been mostly on the detection of 
symptoms, not specific activities. Monitoring specific activities will allow us to analyze changes 
in patients’ mobility during physical and clinical rehabilitation by characterizing the quality of 
their movements. We recently proposed detection algorithms based on peak detection using 
linear acceleration, angular velocity and angular displacement data from multiple inertial sensors 
in healthy older adults. Inertial sensors attached to different body segments were use to detect 
common activities such as: Stand up, Walking, Turning, and Sit down during daily living. 
However, PD patients tend exhibited pathological gaits and movements that are different from 
healthy adults. The objective of the present study was to test the feasibility and robustness of the 
recognition algorithm to detect common activities in daily living in patients with PD. 
METHOD: A modified Time-Up-And-Go (TUG) task was used since it comprised of these 
common activities all performed in a continuous fashion. Twelve older adults who were 
diagnosed with early PD (Y&H<=2) were recruited for the study. Participants performed three 
trials of a 5 and 10 meters TUG task. They were outfitted with 17 inertial motion sensors 
covering each body segment. Raw data from sensors were detrended to remove sensor shift, 
normalized, and band pass filtered in the frequency domain with an optimal frequency to reveal 
kinematics peaks that correspond to different activities. Specificity (true positive) and sensitivity 
(true negative) were used to evaluate the accuracy of the algorithm. RESULTS: Using the 
selected set of sensors, we were able to detect these activities with 100% sensitivity (n=216) 
during the 10 meters TUG. The specificity was also 100% for all tasks except Sit down 
(specificity=97%). During the 5 meters TUG, sensitivity was 100% for (Stand up, Turning, Sit 
down) and 99% for Walking (n=216). Specificity was 100% for Sit down and Turning and 97% 
for Stand up and Walking. The present study lays the foundation for the development of a 
comprehensive algorithm to detect activities in more naturalistic activities using inertial sensors, 
in hope of automating the analysis of motor performance within the detected tasks in patients 
with PD. Furthermore, our study show the need to have task specific sensor to accurately and 
reliably detect these tasks to minimize failure in population with altered gaits and movements. 
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Title: Walking reveals compromised neural resource capacity during dual tasking in people with 
multiple sclerosis 
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Abstract: Background: Cognitive-motor interference is prevalent in the everyday lives of 
people with multiple sclerosis (MS), often causing subtle impairment when attempting to 
undertake multiple tasks simultaneously (i.e.: Dual Tasking). Recently, MS studies have 
examined the effects of cognitive-motor interference by analyzing gait parameters, consistently 
showing a worsening of motor performance when paired with a cognitive component. However, 
the majority of studies have disregarded the potential cost inflicted on the cognitive task. We 
examined the effect that dual tasking has on cognitive performance on a mental tracking task 
(Serial 7’s) in people with MS compared to healthy controls. Methods: Participant with MS 
(n=13; mean age ± SD, 43.92 ± 12.93) and age (±3 years), gender and education (±3 years) 
matched controls (n=10; mean age ± SD, 45.70 ± 12.90; (HC)). All participants performed the 
validated method of serially subtracting sevens as the cognitive component as both part of the 
Montreal Cognitive Assessment and later as a dual task while walking. The serial 7’s task is a 
mental tracking task designed to test working memory and information processing abilities. Time 
elapsed as well as the number of correct/total answers was analyzed from audio records to 
determine a performance score. An algorithm of Mental Tracking Rate was created to negate the 
potential influence of a speed-accuracy tradeoff. Results: MS participants demonstrated a 
significant decline (52%), (from 4.15±1.34 correct answers to 2.15±1.99; p<0.001) compared to 



HC, who did not significantly change between the two conditions (from 3.00±2.11 to 3.30±1.77; 
p=0.65). MS subjects provided significantly fewer correct answers than controls (4.62±3.66 and 
10.40±8.45 respectively; F(1,21)=4.94, p=0.04). However, MS subjects and controls provided 
the same number of answers when walking 16m (MS group 6.69±4.03, HC group 11.30±8.12; 
F(1,21)=3.19, p=0.09) and spent the same time completing the task (MS group 39.63s±21.37, 
HC group 39.51s±13.76; F(1,21)<0.001, p=0.99). Mental Tracking Rate (% correct 
answers/min) correlated strongly with MS-related disability measured using the Expanded 
Disability Status Scale (EDSS; r(11)=-0.68, p<0.01). Conclusion: We propose that 
compromised mental tracking during walking in people with MS could be related to limited 
neural resource capacity and could be a potentially useful outcome measure to detect 
ecologically-valid dual tasking impairments. 
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Title: Evaluation of locomotor phase modulation after cortical injury in the rodent stroke model 
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Abstract: Stroke remains one of the most prevalent causes of mortality and morbidity in the 
world. The improvement of motor coordination in people with poststroke hemiparesis is one of 
the primary goals of rehabilitation. The functional reorganization of M1 after brain injury has 
been described by the idea of cortical vicariation, or the ability of surviving cortex to take over 
functions of the lesioned parts. This process has been directly studied with ICMS using mostly 
single electrode mapping techniques in monkeys and in rodents. Yet, the temporal dynamics and 



the interplay between surviving neural pathways are poorly understood. The corticospinal 
dynamics that relies on complex processing in M1 and the integration of pyramidal and other 
descending signals on the spinal rhythmogenic elements need to be described. Our approach uses 
rats as an animal model due in part to their low variability in organization and location of M1 
compared to higher mammals (e.g. cats and monkeys), and the smooth cortical surface that is 
well suited for MEA use. We have developed a behavioral task for rats that requires precise foot 
placement during locomotion on pegs (Tuntevski et al., 2016). Unlike in unrestrained 
overground locomotion where M1 cell activity is low (Drew et al., 2008), the peg walkway task 
is expected to require intact M to generated coordinated muscle patterns. Similar to stepping over 
obstacles in cats (Yakovenko & Drew, 2015), we expect that M1 in rats contributes to the 
regulation of flexor and extensor phases in the peg walkway task. Here, we tested the outcomes 
of mild cortical ischemic injury induced by a 60 min middle cerebral arterial occlusion (MCAo). 
Rats were briefly trained to walk on the walkway instrumented with the array of force sensors. 
Pegs were configured to produce either symmetric or two types of asymmetric locomotion 
favoring each side. After a week of recovery following MCAo, rats were performing the 
behavioral task for food rewards. The poststroke asymmetry in the phase control on the paretic 
side was measured with the asymmetry index calculated from the slopes in the relationship 
between stance and cycle duration in both forelimbs. The overstepping induced changes in the 
slope of the stance phase characteristic even in healthy locomotion, but it revealed injury 
lateralization in rats with MCAo. The slope of the stance phase characteristic was lower on the 
paretic side than on the ‘healthy’ side. This supports the hypothesis that M1 inputs may 
contribute to the coordination of muscle synergies in peg walking task in rats. Moreover, this 
method may provide the quantified tracking of precise limb recovery as a function of 
rehabilitation strategy after stroke. 
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Abstract: Recent studies have demonstrated reduced levels of cholinergic tone in people with 
Parkinson’s disease (PD), which has also been shown to be associated with reductions in gait 
speed and impaired postural control. The aim of the current study is to compare the effects of 
placebo and donepezil, a cholinesterase inhibitor, on measures of gait and dual-task cost in PD 
patients in a double-blind, placebo controlled, cross-over randomized clinical trial. Short-latency 
afferent inhibition (SAI), a physiological index of central cholinergic function, is being collected 
to determine if deficits in balance and gait correlate with reduced SAI. Finally, the attention 
network test (ANT) is being administered to determine if changes in gait are mediated by 
changes in attention. Data collection is ongoing and assessors remain blinded to group 
assignment. For this abstract, we present data collected from 24 participants with idiopathic PD 
at the end of their initial segment of the study (either drug or placebo). In addition to the ANT 
and SAI, we collected measurements of gait speed, percent time in double support, and stride 
time variability during Single Task (ST) and Dual Task (DT – serial subtraction by 3’s) walking. 
Stride time variability during ST walking was significantly correlated with reduced SAI (rho = 
.44, p = .03), but not gait speed or double support time. During DT walking, no significant 
correlations were observed, however increased percent of time in double support (rho = .39, p = 
0.06) and decreased gait speed (rho = -.38, p = 0.07) showed a notable association with reduced 
SAI. The relationships between ANT and SAI were nonsignificant. This preliminary data 
provides evidence that reduced cholinergic tone in persons with PD is related to impaired gait 
performance that may not be mediated by attention deficits. Our ongoing data collection will 
continue to investigate the potential utility of cholinergic manipulation as a strategy for treating 
balance and gait dysfunction in PD. The findings of this trial are intended to lead to more sharply 
focused questions about the role of cholinergic neurotransmission in balance and gait and 
eventually to Phase II B trials to determine clinical utility of cholinergic manipulation to prevent 
falls and improve mobility. 
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Title: Goal-directed locomotion in post-stroke unilateral spatial neglect 
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Abstract: Introduction: Unilateral spatial neglect (USN), a highly prevalent post-stroke 
impairment, has been shown to affect the recovery of locomotion. However, our current 
understanding of goal-directed locomotion control in post-stroke USN is poor and existing 
literature lacks consensus on the expression of the deficits. Goal-directed reaching accuracy to 
remembered (i.e. off-line movement), as opposed to actual seen objects (i.e. on-line movement), 
is also more affected by USN, supporting the hypothesis of the ventral as opposed to the dorsal 
stream involvement in USN. Whether such distinctions exist for goal-directed walking remains 
to be explored. The objectives were to examine (1) goal-directed locomotion (mediolateral 
displacement [MLD] and heading errors [HE]); and (2) direction of deviation of the walking 
trajectory in subjects with and without USN (USN+ and USN-) and in healthy controls (HC). 
Methods: Subjects (n=45) performed goal-directed walking trials to actual, remembered and 
shifting targets located 7 meters away at 0̊ and 15̊ right/left while immersed in 3-dimensional 
virtual reality scene viewed through an NVisor SX60 helmet mounted display. Results: The 
endpoint MLD and HE were greater in USN+ than in USN- and HC groups in all conditions. 
USN+ group showed greater MLD and HEs to left-sided targets, especially under remembered 
condition, compared to middle and right-sided targets. USN+ group demonstrated a trajectory 
deviation to the right (non-neglected) side for middle and left targets in all conditions. 
Conclusion: In support of the ventral stream involvement hypothesis in USN, findings indicate 
that USN alters goal-directed locomotion to remembered targets, predominantly in the left 
hemispace. Moreover, results on the rightward deviation of the walking trajectory could help 
establish a consensus on the expression of USN. Goal-directed locomotion to remembered 
targets could also serve as a more sensitive assessment of USN than traditional paper and pencil 
tests. 

Disclosures:  T. Ogourtsova: None. P.S. Archambault: None. A. Lamontagne: None. 



Poster 

625. Gait: Aging, Injury, and Disease 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 625.29/XX1 

Topic: E.06. Posture and Gait 

Support: NIH Grant 1R21HD076157-01A1 

Title: Physical activity is more strongly related to gait variability while walking in a real-world 
environment than in a lab-based setting for community-living individuals post-stroke 
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Abstract: High risk of falling, which is associated with high gait variability, may be contributing 
to low levels of community participation in stroke survivors. Gait variability is typically 
measured during undistracted walking in the clinic, and it is not known how gait variability 
relates to real-world walking and daily physical activity. The purpose of this study was to 
examine the relationships between amount of physical activity in the community and gait 
variability assessed in single- and dual-task conditions in the lab and in a real-world setting in 
adults post-stroke. METHODS: Sixteen ambulatory, community-dwelling adults with stroke 
(mean±SD: 49.9±14.0 years old, 15.8±10.7 months post-stroke) participated. Spatiotemporal gait 
parameters were recorded during single- and cognitive-motor dual-task walking in a lab and a 
real-world environment (hospital lobby). Coefficient of variation (CV, %) was calculated for 
stride length and stride time. Physical activity was recorded using a physical activity monitor 
worn for two consecutive days. Average walking bout duration (s), maximum walking bout 
duration (s), and total number of steps taken each day were calculated. Relationships between 
physical activity measures and gait variability were examined using Spearman’s rho correlation 
coefficients. RESULTS: Maximum walking duration was the only variable related to stride time 
CV during single-task walking in the lab (rho=-0.50, p=0.05). Stride time CV during lab-based 
dual-task walking was not associated with any physical activity measures. Conversely, there 
were significant relationships between stride time CV assessed in the hospital lobby (single- and 
dual-task) and physical activity measures. Average walking duration (rho=-0.51, p=0.04), 
maximum walking duration (rho=-0.61, p=0.01), and total number of steps taken per day (rho=-
0.51, p=0.05) were negatively related to stride time CV during single-task walking in the hospital 
lobby. Average walking duration was also negatively related to stride time CV during dual-task 
walking in the hospital lobby (rho=-0.67, p<0.01), notably stronger than the relationship with 



single-task walking. None of the physical activity measures were related to stride length CV in 
any condition. CONCLUSIONS: Temporal gait variability during dual-task walking in the real-
world is strongly related to amount of community ambulation after stroke, more so than gait 
variability measured in the lab, even under dual-task conditions. These data suggest that 
rehabilitation may need to target gait variability in high-distraction settings in order to improve 
physical activity in community-dwelling stroke survivors. 
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Abstract: The hindlimb locomotor central pattern generator (CPG) consists of ventrally located 
interneurons (INs) within the lumbar region of the spinal cord. Each limb contains a CPG with at 
least two layers, the rhythm generating (RG) layer and the pattern formation layer. The rhythm 
generating layer includes flexor RG INs, extensor RG INs, and inhibitory INs that connect and 
coordinate flexor-extensor RG INs ipsilaterally. Previous studies have proposed a flexor/extensor 
asymmetry where locomotor rhythmicity results from the activity of the flexor RG INs. The 
extensor RG INs fire tonically and are driven into bursting mode by the phasic inhibition from 
the rhythmically active flexor RG INs via inhibitory INs. This then suggests that there are 
differences in intrinsic excitability, burst generating mechanisms, and/or connectivity between 
flexor and extensor RG INs. Recently, Shox2 INs have been identified to be one of the cellular 
components of the rhythm generator for locomotion. Ablating these cells led to a reduction of the 
locomotor rhythm and no change in the flexor and extensor alternation. The goal of the present 
study is to determine potential factors contributing to a flexor/extensor asymmetry, focusing on 



connectivity and intrinsic properties related to excitability and rhythmogenesis. We performed 
whole cell patch clamp recordings from identified Shox2 INs in reduced isolated spinal cord 
preparations from neonatal Shox2:Cre; tdTomato mice. Flexor and extensor RG INs were 
identified based on fluorescence and their preferred firing during drug-evoked locomotion in 
vitro. Voltage clamp and current clamp protocols were run to study the intrinsic passive and 
active properties of these cells, including ionic currents linked to cellular rhythmicity. Our data 
suggest that there are no differences in the cellular excitability between flexor-related Shox2 INs 
and extensor-related Shox2 INs. Potential rhythmogenic currents including Ih, persistent inward 
current, and T-type Ca2+ current are present in some of these cells. A differential distribution of 
these currents in the flexor/extensor Shox2 INs likely plays a role in establishing cell rhythmicity 
during locomotion. In addition to intrinsic properties, dual Shox2 IN recordings show that 
interconnectivity is scarce but may be preferential within flexor or extensor RG populations. 
Therefore, connectivity and expression of particular ionic currents in rhythm generating neurons 
may contribute to flexor-extensor asymmetry. 
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Abstract: Identified neurons (types) can have intrinsic ionic conductances that vary several fold 
across different animals, which appear to be compensated by co-regulation of conductances to 
maintain stereotypical activity. Neuron types could also achieve this by having identical 
conductances across animals, although this has not been observed. Possibility of having identical 
conductances is even less likely in systems that exhibit substantial animal to animal variability in 
activity, such as the well-studied leech (Hirudo sp.) heartbeat central pattern generator network. 
A dataset of 6 leeches showed individual variations in a complete input-output network 
composed of firing patterns from all premotor inhibitory interneurons, strengths of their synapses 



that impinge onto two bilateral pairs of output motor neurons, and those motor neurons' output 
firing patterns (Wright and Calabrese 2011, J Neurosci, 31:17555-71). Underlying motor neuron 
intrinsic conductances were estimated using a computational model that replicates recorded 
input-output properties. We expanded a previously used multi-objective evolutionary algorithm 
(MOEA) optimization method (Lamb and Calabrese 2013, PLoS ONE 8(11): e79267) to find the 
maximal conductance parameters of two Hodgkin-Huxley type, multicompartmental models of 
heart (HE) motor neurons in the leech ganglia 8 and 12, that match activity profiles recorded for 
each animal. This allows us to test the hypothesis whether intrinsic conductances necessarily 
differ across animals. The method failed to find matches to different activity profiles when we 
used average values of previously reported synaptic strengths. Matches were found only when 
we considered slight deviations in individual synaptic strengths. The newly found model 
synaptic strengths for each animal were not statistically different than the average synaptic 
strengths observed experimentally across animals. However, we have not quantified 
experimental variance of measured strengths to test whether the same is true on the individual 
animal level. We are improving our method of estimating synaptic strengths from spike-triggered 
averaging in voltage clamp recordings to encompass measures of variance (Norris et al 2007, J 
Neurophys 98:2992-3005). In conclusion, we found that varying intrinsic conductances cannot 
compensate for extrinsic network connectivity parameters even if they are only slightly wrong. 
Furthermore, with flexible synaptic strengths, we confirmed our hypothesis that a model neuron 
with same intrinsic conductances can replicate the substantial activity pattern variances in 
different animals. 

Disclosures:  C. Gunay: None. A. Doloc-Mihu: None. D. Lamb: None. R. Calabrese: None. 

Poster 

626. Central Pattern Generating Circuits: Motor Neurons and Interneurons 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 626.03/XX4 

Topic: E.07. Rhythmic Motor Pattern Generation 

Support: BBSRC Grant BB/JO1446X/1 

 The Alfred Dunhill Links Foundation 

Title: The role of the sodium pump in mouse spinal locomotor network activity 
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Abstract: Locomotor rhythm generation must be flexible to adapt motor behaviour to prevailing 
demands. The Na+/K+-ATPase (or sodium pump) influences locomotor networks in Xenopus 
tadpoles (Zhang, Picton, Li, & Sillar, 2015, Sci. Rep. 5,16188) and Drosophila larvae (Pulver 
and Griffith, 2010, Nat. Neurosci. 13:53-9) in an activity dependent manner, but its contribution 
in equivalent mammalian networks is less well described. We describe a functional role for 
sodium pumps in murine locomotor networks. Using spinal cords isolated from neonatal mice 
(postnatal day (P)0-P4), we induced locomotor-related activity pharmacologically (NMDA 5µM, 
5-HT 10 µM and DA 50µM) and recorded it through glass suction electrodes attached to lumbar 
ventral roots (L1, L2, L5). The sodium pump inhibitor, ouabain (1-3µM), increased rhythm 
frequency and decreased burst amplitude, an effect that was more pronounced in the presence of 
50µM DA. The sodium ionophore monensin (10µM) was used to increase intracellular sodium 
concentration and hence to mimic sodium pump activation. Monensin decreased locomotor burst 
frequency and disrupted right-left and extensor-flexor phase relationships. We next used dorsal 
root sensory stimulation in the absence of drugs in order to induce short episodes of more natural 
locomotor activity. When the interval between evoked episodes was reduced, episodes became 
shorter and slower. Ouabain (1-3µM) increased the frequency and duration of these episodes 
whilst monensin (10µM) exerted the opposite effect. These data suggest a possible role for 
sodium pumps in network self-regulation. Using spinal cord slices from neonatal mice (P2-P15) 
we performed whole-cell patch-clamp recordings from spinal motoneurons (MNs) and ventral 
horn interneurons (INs). We observed an ultra-slow afterhyperpolarisation (usAHP) in 40/97 
MNs and 15/35 INs of ~5mV amplitude with ~60s duration following high frequency firing. In 
MNs, this was blocked by ouabain (1-3µM) and TTX (0.5µM), suggesting the usAHP involves a 
spike dependent increase in sodium pump activation. In MNs with a usAHP, monensin (10µM) 
caused a ~5mV hyperpolarisation. Perfusion of dopamine (10µM) increased the duration of this 
pump current by ~60%. Taken together, our data reveal a role for the sodium pump in 
mammalian spinal locomotor control circuits. Interestingly, this feature is present in some, but 
not all MNs and INs, suggesting that the functional role of the sodium pump may be restricted to 
specific neuronal subtypes, as in frog tadpoles (Zhang et al., 2015). The data also highlight the 
importance of the sodium pump as a spinal target for the neuromodulator DA. 
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development 
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Abstract: Chemical synapses contain a number of diverse proteins, which form the postsynaptic 
density (PSD), and these are involved in synaptic structure, neurotransmission and signal 
transduction. PSD-95 is implicated in the formation and maturation of excitatory synapses. PSD-
95 regulates the localization of NMDA receptors by means of binding with NMDA receptor 
subunit 2 (NR2). Rhythmical oro-maxillofacial activities, such as suckling and chewing, are 
generated in the brainstem, and we showed that NMDA receptors play a critical role in the 
rhythm and pattern generation and signal transmission around the trigeminal motor nucleus 
during prenatal and early postnatal development. Here, we immunohistochemically examined the 
temporal distribution of PSD-95 protein in developing rat brainstem from suckling to the mature 
chewing stage. There was early emergence of PSD-95 expression in the interneurons located in 
the medial region of the trigeminal motor nucleus. This observation supports the notion that the 
central pattern generator for rhythmical jaw movements is located peritrigeminal area. 
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Abstract: Locomotor behavior of vertebrates is controlled by medullary reticulospinal neurons 
projecting to central pattern generators in the spinal cord. 
Although reticulospinal neurons receive descending synaptic inputs from midbrain and forebrain 
areas, reticulospinal neurons also receive synaptic inputs from local interneurons. The properties 
of local interneurons in the medullary reticular formation have not been studied in any 
vertebrate, contributing to a gap in our understanding of how local connections regulate the 
activity of reticulospinal neurons. Using whole-cell recordings in brain slices made from adult 
rough-skinned newts (Taricha granulosa), we studied the properties of a class of putative 
interneurons. These interneurons exhibited spontaneous miniature outward currents (SMOCs), 
and the frequency of events increased with depolarization between approximately -55 and -45 
mV. At potentials more depolarized than -45 mV, SMOCs disappeared and a sustained outward 
K+ current was activated. SMOCs reversed polarity based on the Nernstian potential for K+ and 
were reversibly blocked by tetraethylammonium. Furthermore, SMOCs were blocked when 
extracellular Ca2+ was replaced with cobalt, suggesting that SMOCs were generated by Ca2+-
gated K+ channels in response to Ca2+ influx through voltage-gated Ca2+ channels. Furthermore, 
SMOC frequency temporarily increased and then decreased in the presence of caffeine, and 
gradually decreased in the presence of the Ca2+-ATPase inhibitor cyclopiazonic acid, indicating 
that SMOCs depended on Ca2+ release from intracellular stores. Together these results indicate 
that SMOCs are generated by Ca2+-induced Ca2+ release in putative interneurons. As SMOCs are 
activated at membrane potentials negative to spike threshold, these results indicate that SMOCs 
regulate spiking in putative interneurons in the medullary reticular formation. 
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Title: Characterization of motoneurons and interneurons mediating rolling waves in Aplysia 
locomotor network 

Authors: K. YU1, D.-D. LIU1, R.-N. JIA1, Y. LOU1, Y.-T. ZHENG1, Y.-N. SU1, S.-A. CHEN1, 
T.-T. CHEN1, W. YU1, E. C. CROPPER2, K. R. WEISS2, *J. JING1,2;  
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Abstract: Rolling waves of neural activity are responsible for locomotion in a number of 
vertebrates and invertebrates. We study neural mechanisms underlying rolling waves in the 
Aplysia locomotor network. We previously identified a cluster of ~ 20 putative motoneurons on 
the ventral surface of the pedal ganglion. These neurons send their axons through nerves P1, P7, 
and P8 to the periphery, i.e., the foot, and exhibited different activity phases following tail nerve 
stimulation which elicits fictive locomotor programs as monitored by activity in parapedal 
commissural nerve (PPCN). We also identified interneurons that do not project out to any 
peripheral nerves. 
Here, we use a neuromuscular preparation to demonstrate that stimulating a substantial fraction 
of this cluster’s neurons elicits foot-muscle contraction in a frequency-dependent manner, thus 
indicating that many of them are motoneurons. After tail nerve stimulation, phasic activity of 
these motoneurons is associated with rhythmic contraction of the foot muscle and PPCN bursting 
activity. 
We further analyzed the phasic activity of this cluster of motoneurons relative to PPCN bursting 
activity following tail nerve stimulation. If the phasic activity of a motoneuron precedes the 
PPCN activity for a full cycle, we define the relative phase as -100%. If the phasic activity of a 
motoneuron overlaps with PPCN activity, we define the relative phase as 0%. We then recorded 
nearly all of the neurons in this cluster in single preparations (n = 5). Using the above definitions, 
we found that the distribution of relative phases of these motoneurons is largely continuous, 
covering from -100% to 0%. However, we also found that there tend to be more motoneurons at 
two time periods: -40% to -60% and -10% to +10%, suggesting that activity of motoneurons may 
also be partially clustered. This implies that rolling movements may also occur in bouts. In 
addition, we found that motoneurons with similar relative phasing are more likely to be 
electrically coupled than motoneurons with different relative phasing. Finally, we found that 
several interneurons show relative phasing of about -69.2%, and that these are usually 
electrically coupled to motoneurons with slightly delayed relative phasing, e.g., about -57.8%, 
suggesting that interneurons may provide a driving force for the rolling wave. 
In summary, we have demonstrated that a cluster of motoneurons may contribute to the 
formation of rolling waves in Aplysia. In addition, electrical coupling between specific 
motoneurons, and between motoneurons and interneurons may be one of the important synaptic 
mechanisms underlying rolling waves. 
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activity in the neonatal mouse spinal cord 
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Abstract: Stimulation of motoneuron axons in an isolated preparation of the neonatal (P0-4) 
mouse spinal cord can activate the central pattern generator (CPG) for locomotion. To establish 
if motoneuron firing can influence the CPG during locomotor-like activity evoked by drugs, we 
generated mice in which either ChannelRhodopsin-2 (ChR2) or Archaerhodopsin-3 (Arch) was 
expressed in ChAT+ neurons. We used an LED system to illuminate the cord over the lumbar 
(L1-L6) or more restricted segments. In ChAT-ChR2 mice, a train of light pulses at 1-4 Hz for 
10 sec activated locomotor-like activity in the absence of drugs confirming our earlier 
experiments with ventral root stimulation. Arch-ChAT mice were used to examine the effect of 
silencing motoneuron firing on the locomotor rhythm recorded from slow ventral root potentials 
(after low pass filtering the neurograms) and from whole cell recordings from motoneurons. 
Individual extensor motoneurons were hyperpolarized by 5-20 mV during illumination and their 
firing was abolished. Firing was easier to suppress in extensor compared to flexor motoneurons, 
and in the L5/6 roots compared to the L1/2 roots. This appeared to be because the primary 
rhythmic synaptic drive to flexors is excitatory and that to the extensors is inhibitory. 
Illumination frequently hyperpolarized extensor motoneurons below the chloride equilibrium 
potential rendering their inhibitory synaptic drive depolarizing and in phase with flexor activity. 
Suppression of extensor bursting from L1-L6 did not block the locomotor rhythm or significantly 
alter the phase of the left/right L1/2 ventral root discharge. When flexor activity could be 
suppressed, this resulted in transient changes in the phase of the left/right L1/2 ventral root 
activity and in some preparations the locomotor rhythm was transiently blocked. When the light 
was turned off, the amplitude of the locomotor bursts and sometimes their frequency was 
transiently increased for tens of seconds before returning to control levels. We conclude that 
flexor motoneurons provide feedback to the CPG during drug-induced locomotor-like activity 
that acts to stabilize the locomotor rhythm. Our findings are consistent with recent work 



suggesting that flexor-related neurons are particularly important for genesis of the locomotor 
rhythm. 
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Abstract: Rhythmic patterns of motoneuron activity in the spinal cord represent the basis for 
generating important motor behaviors such as locomotion and respiration. The cellular and 
network mechanisms responsible for generating these patterns are still not completely 
understood. We attempted to study the role of the small conductance calcium-activated 
potassium channels (SK channels) in generating synchronized bursts in the spinal cord. The 
synaptic conductances mediating the synchronized bursting were also investigated. In addition, a 
possible role of gap junctions in synchronizing the activity of motoneurons to generate this 
behavior was studied. We used the in-vitro sacral cord preparation from adult mice as it allows 
for different pharmacological manipulations. Synchronized bursting was induced 
pharmacologically and the motor output was measured both from the ventral roots as well as 
from single motoneurons. Our results show that SK channels play a major role in initiating and 
grading synchronized bursts in the spinal cord. We also found that the synaptic pathway involved 
in generating the synchronized bursting depends on both NMDA and AMPA receptors. Neither 
the burst characteristics nor the synchrony across different pools were affected by gap junction 
blockers. Consequently, a role of gap junction in mediating this synchronized bursting behavior 
is excluded. A common synaptic input to the motor pool is a more likely mechanism for 
synchrony. 
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Abstract: Spinal cord injury in mammals including human is detrimental and can lead to 
complete loss of function, which is primarily due to the inability of neuronal axons to regenerate 
and reconnect to their appropriate targets beyond the injury site. In contrast, Xenopus tadpoles 
show tremendous regenerative capability and are able to swim again in a couple of days after 
spinal cord transection, providing an excellent model to investigate regeneration of spinal neural 
circuit following injury. Spinal neural circuits controlling rhythmic movements like swimming 
and walking are called central pattern generators (CPGs). It is still largely unknown how CPG 
networks recover following injury. Using the spinal cord of Xenopus tadpoles we aim to reveal a 
successful functional recovery at behavioral, network, and cellular levels. Xenopus embryos at 
the time of hatching (2 days old, stage 37/38) were used to perform complete spinal cord 
transection. After one-day recovery at stage 42, Xenopus larval swimming behavior was 
monitored using high speed video recording, which showed that Xenopus tadpoles regained the 
ability to freely swim, but the speed was lower. CPG network output (ventral root activity) was 
recorded simultaneously with single neuron whole-cell current-clamp recording in order to 
explore the recovery of rhythmic motor output following spinalisation and how the properties of 
injured CPG neurons change during functional recovery. Our results showed that rhythmic motor 
output was restored beyond the lesion site after complete spinal cord transection, but swimming 
episode duration was shorter and motor burst frequency was lower. Using neurobiotin-DAB 
staining, the extent of axonal regeneration of different classes of CPG neurons was also 
investigated. Understanding basic mechanisms of motor circuit repair after spinal cord injury can 
be beneficial for further studies on motor circuit regeneration in mammals and possible 
treatments for spinal cord injuries. 
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Abstract: Rhythmic locomotor activity is present in the lumbar spinal cords of neonatal mice as 
early as the first post-natal day (P0) well before the emergence of walking behavior, but its 
functional role and the timeline for its functional development is unknown. 
Recent work with mouse models of Spinal Muscle Atrophy (SMA) has shown that SMN-
deficient motor neurons are impaired in central circuitry and synaptic function; however whether 
this loss effects rhythmic locomotor activity is unknown. Therefore, the neonates of SMA mouse 
models present an approach for determining the functional significance and developmental 
timeline of this early locomotor network maturation in a model where significant motor neuronal 
loss is expected. 
Pharmacological application of Dopamine, NMDA, Serotonin, and Potassium has been shown to 
elicit locomotor-like activity and bath application in acutely isolated spinal cords from neonatal 
mice elucidate rhythmic alternating activity in the lumbar section of the spinal cord and 
contralateral ventral root discharge recordings of drug induced motor neuron activity are readily 
accomplished by suction electrodes. 
We investigated spontaneous and drug induced rhythmic behavior in the lumbar spinal cord and 
compared control and SMA mice in early post-natal (P0 – P7) preparations, where rhythmicity 
has been shown to be established. We investigated rhythmicity in the network throughout various 
segmental levels of the lumbar spinal cord including those higher in the cord which are affected 
earlier in the course of the disease compared to those lower in the cord that are affected later. 
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Abstract: The swimmeret system of the crayfish is an easily accessible model for studying 
locomotion. The segmental organization of the central nervous system provides the opportunity 
to elucidate the mechanisms of both, the intersegmental coordination of central pattern 
generators (CPGs) and the coordination of coupled CPGs within one segment (left-right 
coordination). The general network properties of the swimmeret system and the coordination of 
CPGs that underlies this coupled activity were previously investigated in detail. Consequently it 
is of great interest to understand the effect of descending input from the brain on the coordination 
of the swimmeret CPGs. Both excitatory and inhibitory command neurons of the swimmeret 
system were described but no information is available about the input these neurons receive or 
their neural targets within the swimmeret system. 
In this comparative study separated axon bundles in the connectives of the abdominal nerve cord 
were stimulated electrically. Stimulation induced and terminated rhythmic activity in inactive 
and active preparations, respectively. Histological identification of the stimulation sides revealed 
that the locations of the stimulated axon bundles are consistent with previously described 
locations of excitatory and inhibitory command neurons. In the signal crayfish, Pacifastacus 
leniusculus, electrical stimulations affected both sides of the nervous system in the same manner. 
Rhythmic activity was initiated or terminated bilaterally to the same extent. In contrast, 
asymmetric rhythmic activity (i.e. rhythmic activity solely ipsilateral to the stimulated axon 
bundles) could be induced in the galician crayfish, Astacus leptodactylus. In intact crustaceans 
this behavior is known as a righting response of the swimmeret system due to spatial movements 
of the animal. Bath application of carbachol, a nicotinic and muscarinic analog of acetylcholine 
that increases the excitation of the swimmeret system, increased the stimulation effect on the side 
of the abdominal nerve cord that was contralateral to the stimulation side. This suggests that the 
ipsilateral or bilateral initiation of swimmeret movements depends on the system’s excitation 
level. 



With increasing stimulation frequencies the period of the evoked rhythmic activity decreased and 
more motor neurons were recruited. These results, in addition with intracellular recordings of 
motor neurons during sub-threshold stimulations, give evidence that both the swimmeret motor 
neurons and presynaptic interneurons of the pattern-generating micro-circuits are possible targets 
of the command neurons within the swimmeret system. 
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Abstract: Ultrasound (US) is a promising noninvasive neuromodulation technology with the 
potential to confer the high spatial resolution of invasive techniques used to treat a wide range of 
neurological disorders, including epilepsy and Parkinson’s disease. Although researchers have 
known for several decades that ultrasound is capable of altering neural firing rates, the 
underlying cellular mechanisms accounting for such changes have remained elusive. Several 
hypotheses regarding its mode of efficacy include formation of microbubbles (cavitation), 
generation of heat, and mechanical distortion. To gain a greater understanding of the cellular 
mechanisms underlying the actions of US, we utilized simultaneous ultrasonic stimulation and 
single-unit electrophysiological recordings in a well-studied invertebrate model, the medicinal 
leech Hirudo verbana. This preparation provides an especially accessible physiological system in 
which identified neurons can be studied at the level of their membrane biophysical properties, 
circuit connections and behavioral roles. One well-studied motoneuron involved in locomotion, 
the Dorsal Longitudinal Muscle Excitor (DE-3), has one of the largest axons in its nerve root, 
and thus can be unambiguously detected via extracellular recording. Using ultrasound at a 
frequency of 960 kHz, we were able to inhibit repeatedly and reversibly the firing rate of DE-3 



(N=6), and by 50-100% (N=4). The robust restoration of firing rates argues against the idea that 
cavitation and its deleterious effects on cells were causal to the US-induced changes observed. 
Intriguingly, US also rapidly switched tonic DE-3 firing over to a bursting mode in the presence 
of dopamine, a phenomenon that may have resulted as a consequence of hyperpolarization-
activated depolarizing inward currents. Repeated application of US did result in a maximum 
temperature increase of 2°C, but such fluctuations alone did not affect neuronal firing rates 
appreciably. We conclude that the effects of US on DE-3 likely involve activation of ion 
channels mediating hyperpolarizing conductance states. Furthermore, because the neuron that we 
tested with US was a motoneuron, as opposed to a mechanosensory neuron, we have the 
opportunity to understand better how US alters a host of ion-channels that are not biologically 
maximized for mechanical gating (e.g. TRP channels). Pharmacological manipulations in the 
presence of US are currently being carried out to determine the identity of ion channels affected 
by US stimulation. By gaining a greater understanding of the mechanisms by which US enacts 
changes in neural activity, we hope to increase its therapeutic potential. 
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Abstract: The swimmeret system is an excellent model to understand neural mechanisms of 
coordination of distributed central pattern generators (CPG). During swimming the four paired 
swimmerets of the crayfish’s abdomen are coordinated in an anteriorly proceeding metachronal 
wave. Each swimmeret is innervated by neurons from its own module, containing a CPG, these 
have to be coordinated among each other. The intersegmental coordination of four ipsilateral, 
anatomically separated CPGs is achieved by three neurons located in each hemisegment forming 
a coordinating circuit. One ascending (ASCE) and one descending (DSC) coordinating neuron 



encode the information about the status of their home module and project it to the other 
neighbors. A nonspiking neuron, Commissural Interneuron 1 (ComInt1), decodes this 
information transmitted by three neighboring coordinating neurons and integrates it into its own 
CPG. ComInt1 receives these inputs with a gradient of synaptic strength, where the strongest 
excitatory postsynaptic potential (EPSP) is always elicited by the ASCE from the posterior 
neighbor. The anterior DSC elicits a weaker EPSP and the most distant coordinating neuron has 
the weakest input. 
Here we want to investigate if the gradient of synaptic strength is due to the morphology of 
synaptic contacts. For these experiments, ComInt1 and coordinating neurons were filled with 
fluorescent dye and the presynaptic boutons of the coordinating neurons on ComInt1 were 
marked immunohistochemically with Anti-Synapsin. An immunohistochemical labeling of the 
postsynapses of ComInt1 with PSD-95 was so far not successful. 
The axons of the coordinating neurons run dorsally, parallel to the midline through each 
segment. ComInt1 has its soma in one hemisegment, sends its primary neurite dorsally over the 
midline to the lateral neuropil on the contralateral side where it forms an electrical synapse with 
one of the CPG neurons. ComInt1 has one ascending and one descending dendritic branch 
parallel to the midline and to the axons of the coordinating neurons. 
At the midline we identified synapses of the coordinating neurons by colocalized presynaptic 
boutons with an intracellular stained axon. The colocalizations were dorsally all along and 
strictly parallel to the midline of the ganglion. These colocalizations do not yet explain the three 
distinct sizes of EPSPs in ComInt1 but it is a first approach to investigate this morphologically. 
We will perform more double stainings of two different coordinating neurons and presynaptic 
boutons as well as triple stainings with ComInt1 to investigate if the areas of colocalization and 
the number of synapses vary in accordance to the synaptic inputs. 
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Abstract: The function of nervous systems is based on the interaction of neuronal networks. 
These networks are built of neurons with individual activity patterns that together regulate and 
coordinate complex movements and behavior. To better understand the properties of such 
networks, we investigate the crayfish swimmeret system. Swimmerets are four pairs of 
abdominal limbs that move in alternating power- and return strokes in a metachronal wave from 
posterior to anterior. In each hemiganglion a similar subset of neurons can be found that drives 
this movement. Each microcircuit is composed of five interneurons forming the rhythm 
generating circuit, three coordinating neurons, and 70 motor neurons (MN). When the system is 
active, all of these neurons show membrane potential oscillations but with distinct activity 
patterns. Despite our good understanding of the cellular components and synaptic contacts 
among them, the intrinsic mechanisms that enable the individual activity pattern still remain 
unknown. Therefore we are interested in the ionic currents underlying the similar yet different 
activity patterns of the neurons and how they influence rhythm generation and coordination 
between segments. 
We performed single electrode current- and voltage-clamp recordings from dendritic 
aborizations in the isolated abdominal nervous system of the crayfish, Pacifastacus leniusculus. 
To identify and reveal different ionic currents we bath applied selective ion-channel blockers. 
In this system we did not find any indication of the existence of the hyperpolarizing activated 
cation current (IH). This is remarkable since it was shown in other systems to have key 
importance for generating membrane potential oscillations. This led to further investigations 
regarding the origin of the neuronal activities. After application of channel blockers against the 
high voltage activated calcium current IL (Nifedipine), the transient potassium current IA (4-AP) 
or the persistent sodium current INaP (Riluzole) we could observe an altered ability of the system 
to produce a steady and coordinated motor rhythm. This led to the conclusion, that the activities 
of the pattern generating, as well as the coordinating neurons, are dependent on these currents. 
When analyzing the effect of the channel blockers on input resistances of MNs, Nifedipine had 
the strongest effect in increasing the resistances. The other blockers did not change the input 
resistances significantly. However, the amplitude of membrane potential oscillations declined 
under application of all channel blockers. Resulting, we anticipate a major importance of IL and a 
minor relevance of INaP and IA for motorneuronal activities. 
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Abstract: Neural oscillators coordinated to produce meaningful behavior exist in a large variety 
of animals, ranging from simple locomotor networks to brain oscillations. A model system to 
study coordination of distributed neural oscillators is the crayfish swimmeret system. Its neurons, 
especially those for coordination, are identified and their connections characterized. 
These neurons drive four pairs of swimmerets in a metachronal wave with 25% phase lag 
between segments. Each swimmeret is controlled by its own central pattern generator (CPG) 
located in the corresponding abdominal hemisegment. Necessary and sufficient to coordinate 
CPGs across segments are three neurons per hemisegment: The ascending (ASCE) and 
descending (DSC) coordinating neuron, and the non-spiking Commissural Interneuron 1 
(ComInt 1). ASCE and DSC, driven by the CPG, encode information about their home ganglion’s 
activity state and send it as corollary discharge to the ComInt 1s of the other ganglia. Each action 
potential of ASCE and DSC causes a distinct and fast excitatory postsynaptic potential in the 
target ComInt 1, which integrates the coordinating information in the target CPG. 
The 25% phase lag is independent of frequency and strength of swimmeret movements. 
Therefore, we hypothesized that changes in the system’s excitation tune the encoding and 
decoding properties of the coordinating circuit. We used isolated abdominal nerve cords to 
record intracellularly from ASCE, DSC or ComInt 1. Excitation was changed by bath application 
of different carbachol (cholinergic agonist) or edrophonium chloride (acetylcholine esterase 
inhibitor) concentrations. 
To investigate direct and indirect actions of the drugs we measured input resistance (Rin) and 
membrane potential of these neurons both in the intact network and chemically isolated. Rin of 
ASCE decreased, of DSC increased, and of ComInt 1 did not change with increasing drug 
concentration. Only when isolated from the network with TTX in low Ca2+/high Mg2+ saline 
drug concentration had the opposite effect on ASCE’s and DSC’s Rin, and their membrane 



potential depolarized. These opposing effects show that the direct effects of system excitation 
were usually masked by indirect network effects. ComInt 1 was largely unaffected by changes in 
excitation. We conclude that the differential direct and indirect effects on the coordinating 
neurons’ tune their encoding properties. As ComInt 1 is not subject to excitation it cannot 
entirely decode coordinating information but may rather work as hub neuron. Decoding with 
respect to excitation may then take place in the CPG itself, which is also one source of tuning for 
the coordinating neurons. 
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Abstract: The commissural neuronal circuitry, involved in left-right coordination, has been 
investigated at a cellular and functional level by combining in vivo experiments in cats and in 
vitro electrophysiological experiments with mouse genetics. These experiments identified several 
genetically distinctive commissural pathways and their possible role in transmitting the activity 
of central pattern generators (CPG) underlying locomotion from one side of the body to the 
contralateral side. Investigations with the cat unraveled several crossed reflex pathways, but the 
role of these pathways during walking and their relation to the commissural pathways identified 
in mice remained unknown. The overall aim of our study is to characterize crossed reflex 
pathways in mice that would enable connections to be formed between the crossed reflex data 
from cat experiments and the more recent commissural CPG pathways from mouse experiments. 
Here, we describe crossed reflex pathways in mice induced either by proprioceptive or cutaneous 
afferent signals. We chronically implanted nerve stimulation electrodes to activate cutaneous 



(Sural nerve) and proprioceptive feedback from flexor (Peroneal nerve) and extensor (Tibial 
nerve) muscles in fully awake mice during resting and walking on a treadmill. In parallel, 
electromyogram activities from multiple flexor and extensor muscles of the contralateral leg 
were recorded to document reflex responses transmitted to the contralateral side of the spinal 
cord. Electrical stimulation of all three nerves evoked motor responses on the contralateral side 
of the body in every muscle investigated. All muscles were activated approximately at the same 
latency, except for the tibialis anterior, which was slightly faster. Moreover, the temporal aspect 
of this pattern remained similar during resting and walking. The amplitude of flexor and extensor 
muscle activation in response to sural nerve stimulation was consistently stronger during walking 
than during resting. However, during proprioceptive nerve stimulation, regardless of whether 
from flexor or extensor muscle, the extensor muscle response decreased, while flexor activity 
either slightly increased or remained the same during walking compared to resting. We describe 
the crossed reflex in mice and show that the amplitude of the flexor and extensor muscle 
activities, but not the temporal structure of muscle response is modulated during walking 
compared to resting. 
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Abstract: Most neurons express multiple types of voltage-gated ion channels in their axons, 
giving rise to nonlinear membrane behavior beyond simple spike propagation with just fast Na+ 
and delayed rectifier K+ currents. One consequence is spike history-dependent change in 
conduction velocity that goes far beyond simple refractory effects and can substantially alter the 
interval structure of repetitive activity. This implies that axonal propagation can potentially 
influence the temporal code of neural communication. 
We have previously described changes in conduction velocity in rhythmically active neurons in 
the lobster stomatogastric nervous system (Ballo et al., J Neurosci 2012). Spike delay along the 



4-5 cm axon of the pyloric dilator (PD) neuron depends on mean activity rate, as repeated 
bursting hyperpolarizes the axon and increases delay with a time constant of several minutes. 
This slow time scale increase in delay is accompanied by an increase in delay variability: after 
several minutes of activity, delay can change by ~30% within a single burst. The slow time scale 
hyperpolarization depends on activation of a Na+/K+ pump, which is balanced by a 
hyperpolarization-activated current (Ih). 
A computer model of the axon shows that the fast time scale variability is due to the effect of 
changing resting potential on the gating variables of the Na+ current. Because Na+ current gating 
depends on the activation levels of K+ currents, we explore the contribution of K+ currents to 
temporal fidelity. Voltage-clamp recordings of the PD axon reveal delayed rectifier (IKd) and A-
type (IA) currents, but no calcium-dependent K+ currents. Complete block of IKd with TEA 
results in repetitive firing in response to a single nerve stimulus. In contrast, block of IA with 4-
AP substantially increases spike duration, but does not lead to repetitive firing. IKd and IA also 
have differential effects on temporal fidelity. Partial block of IKd with low concentrations of TEA 
has little effect on the variability of conduction delay at the beginning of repeated burst 
stimulation, but substantially alters it after several minutes of stimulation, when the resting 
membrane potential is more hyperpolarized. In contrast, partial block of IA with low 
concentrations of 4-AP substantially alters variability of delay at the beginning of stimulation, 
but has little effect after several minutes, ensuing activity-dependent hyperpolarization. 
Therefore, the contribution of these different K+ currents differentially depends on the history of 
spiking activity itself, and may affect different aspects of axonal function. We explore the 
underlying ionic conductance mechanisms using our axon model. 
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Abstract: In many invertebrate model systems, it has been shown that multiple command-like 
neurons are activated to initiate or maintain a specific behavior. In principle this may suggest 
there is redundancy, or that each command-like neuron has a unique function, contributing to 
specific parameters of the behavior. Although data in a number of contexts are beginning to 
favor the latter view, little is known about these individual functions. We address this issue in the 
well described feeding system of Aplysia californica. In Aplysia, motor output from the buccal 
ganglia can drive egestive and ingestive behaviors. A population of about 13 cerebral-buccal 
interneurons (CBIs) project to the buccal ganglia and are higher-order interneurons that can 
activate or modulate feeding motor programs. The most extensively characterized is CBI-2. It is 
activated by chemical (food) and tactile stimuli to the lips and tentacles and strongly and reliably 
drives motor programs in the buccal ganglia. It will initiate feeding movements in semi intact 
preparations. When CBI-2 is made to fire repeatedly in bursts at fixed intervals the motor 
programs gradually convert from initially intermediate to ingestive. We have termed this effect, 
repetition priming. CBI-3 is also activated by food, and has been found to fire with CBI-2 during 
protraction in feeding intact-head preparations. When driven to fire with CBI-2, in isolated 
ganglia, CBI-3 immediately converts an intermediate or egestive program into an ingestive 
program. In the present study we examine the effect of firing CBI-3 at a physiologically relevant 
frequency simultaneously with CBI-2 during repetition priming. We show that co-activation of 
CBI2 and CBI3 results in a faster transition from intermediate to ingestive motor programs than 
with stimulation of CBI-2 alone. Therefore one of the functions of a co-activated command-like 
neuron during feeding behavior is to modify the dynamics of motor programs induced by the 
other. 
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revealed by confocal and whole brain light-sheet calcium imaging 
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Abstract: A neuron’s location in the developing neuroepithelium both reflects its ontogenetic 
history and predicts its functional future. Spatial signaling gradients drive differential gene 
expression, such that specific neuronal subtypes reliably arise in particular brain locations. 
Spatial location is further refined by neuronal migrations - including some dramatic repositioning 
of entire populations and more subtle relative positioning within each population. Ultimately, the 
location of a neuron’s cell body and extensions will determine its access to presynaptic and 
neuromodulatory inputs - though the relationship between location and connectivity may be 
more or less flexible for specific synaptic partners. To understand the relationship between 
location and function in the developing hindbrain, we focus on the facial branchiomotor neurons 
(FBMNs) in larval zebrafish, a group of cranial motor neurons driving respiration and feeding. 
These neurons adopt a clear age topography early in development and serve as a general model 
for the relationship between dorsoventral location, age, and function in cranial motor pools. 
Further, because these neurons execute an early and dramatic caudal migration in wild type 
animals (but not in specific mutant lines), we have the opportunity to study the impact of 
abnormal population positioning on circuit architecture throughout the hindbrain. We mapped 
FBMN activity patterns in three-dimensional space, using confocal and light sheet imaging of 
genetically encoding calcium indicators. We found a loose functional topography, where FBMNs 
exhibiting higher-frequency respiratory bursts (in addition to swim-related activity) are 
concentrated in the ventrolateral portion of the motor nuclei in wild type larvae. These results are 
consistent with previous backfill data regarding the location of motor pools known to participate 
in respiratory behaviors. We also probed for neurons that have correlated activity with FBMNs. 
This revealed neurons with potential functional relationships to the FBMNs, including other 
motor neurons and potential presynaptic interneurons. This wild type data provides a basis for 
comparison to whole-brain activity in mutants, to discover to what extent the spatial structure of 
hindbrain neuronal activity is altered when a critical motor nucleus is abnormally positioned. 
Leveraging whole-brain calcium imaging in this way, in this specific group of neurons - when 
combined with single-cell morphology and electrophysiology - will finally allow us to test 
hypotheses about the degree to which large-scale circuit architecture depends on proper 
positioning of neuronal populations. 
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Abstract: Motor control circuits cannot be fully understood without measuring their dynamic 
activity during behavior. Until now, it has been challenging to image the activity of vertebrate 
and invertebrate limb coordination circuits due to their inaccessibility. Here, I introduce a 
preparation that permits 2-photon calcium imaging of neural activity in the ventral nerve cord of 
tethered, behaving Drosophila melanogaster. A dorsal thoracic dissection uncovers neurons that 
control prothoracic and mesothoracic legs as well as populations of descending and ascending 
interneurons that pass through the cervical connective. I will demonstrate how this preparation 
can reveal the dynamics of peripheral sensory neurons, interneurons for inter-leg coordination, 
neuromodulatory neurons, and motor neurons while animals walk and groom on a spherical 
treadmill. This approach provides an indispensable tool for uncovering how a relatively compact 
motor control system can orchestrate complex behaviors. 
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Abstract: The neural network underlying locomotion (i.e. locomotor CPG) in mammals is 
comprised of interneurons located in the ventromedial aspect of the lumbar spinal cord, and is 
able to generate rhythmic locomotor-like motor patterns in the absence of sensory input or 
descending inputs from the brain. Traditional methods of investigating the structure and 
mechanism of function of this neural circuit have involved identifying and characterizing single 
component interneurons based on electrophysiological and anatomical criteria. This approach 
has proven to be extremely low yield due to the large number of interneurons present in the 
mammalian spinal cord combined with the fact that cells with a similar function are intermingled 
with other, functionally unrelated, interneurons. Our lab implements a molecular genetic 
approach to label entire interneuronal populations with a similar genetic lineage and study each 
genetically-distinct population in order to characterize their anatomical and electrophysiological 
properties, as well as their potential role in generating locomotor outputs. Recently we have 
focused on the dI6 population, a group of interneurons that originate in the dorsal region of the 
developing neural tube, migrate ventromedially, and settle in lamina VIII of the functionally 
mature spinal cord. dI6 cells can be divided up into at least 3 subsets based on transcription 
factor expression: WT1+ cells; DMRT3+ cells; and WT1+/DMRT3+ cells. Previous work 
demonstrated that the DMRT3+ population is primarily inhibitory and have axons that contact 
both ipsilateral and contralateral motor neurons. Our work investigates the detailed morphology, 
neurotransmitter phenotype, and electrophysiological properties of the WT1+ and 
WT1+/DMRT3+ cells. Results indicate that both subsets are primarily GABAergic, and that the 
axonal projection pattern of WT1+ cells is distinct from that of the DMRT3+ subset. 
Furthermore, the vast majority of the WT1+ cells are rhythmically active during locomotion 
suggesting that these cells may be a component of the locomotor CPG. 
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Abstract: Animals display a highly varied repertoire of motor behaviors that reflect the 
patterned activity of a limited number of muscles and motor neurons. Rhythmic behaviors, such 
as walking or breathing, are generated by the activity of neuronal networks, known as central 
pattern generators (CPGs). Work in turtles has shown a partial overlap of the CPG neurons that 
are active during locomotion and scratching. To date, these neurons have not been molecularly 
identified. Using a tripartite intersectional genetic approach, we have investigated the role of 
specific interneuron populations during reflex responses and locomotion. Spinal ablation of V1 
(En1-Cre) and V2a (Chx10-Cre), but not V2b (Gata3-Cre) interneurons in adult mice leads to 
impaired responses to chloroquine-induced scratch. Among the analyzed mice, ablation of V1 or 
V2a interneurons causes a strong reduction in the speed of scratching, and in the number of 
scratch bouts, suggesting that these interneuron populations have an essential role in enabling 
fast scratch movements. Acute silencing of these neurons, using CNO-activated hM4D receptor, 
recapitulates the slower velocity during scratching. Interestingly, ablation of V1 or V2a 
interneurons has already been shown to impair mice performance at high locomotory speeds, 
implying that scratch and locomotion share the CPG neurons responsible for facilitating fast 
movements. We also find an impaired response to mechanical stimuli but not noxious-induced 
paw withdrawal in V1 ablated mice, suggesting that the withdrawal reflex may recruit different 
interneuron pathways according to the applied stimulus. 
Taken together, these data identify two key CPG populations as common elements in the CPG 
circuits for rhythmic scratch and locomotion. Our data also infer that V2a interneurons might be 
part of the scratch-rhythm generator, while the V1 interneurons are required for the fine-tuning 
of the speed. In the future, it will be important to address how these two populations are 
connected and interact during scratch (a unilateral rhythmic behavior) and locomotion (a bilateral 
coordination of rhythm). 
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Abstract: There is evidence that robotic-assisted treadmill training with body weight support did 
not improve the recovery of stepping patterns after a spinal cord injury (SCI). Applying robotic 
resistance, however, may be beneficial although, to date, proper controls have not been included 
in experiments of robotic resistance. We examined the effects of robotic-applied resistive forces 
in a rodent model of SCI. Forty female Sprague Dawley rats received a severe mid-thoracic 
spinal cord contusion injury. A baseline test was performed two weeks later, after which 
treadmill training began. A robotic device was used to apply viscous forces that opposed 
horizontal or vertical movements of the hindlimbs during treadmill training. One group rats 
(n=10) was trained with a robotic horizontal force (HF) and another group (n=10) was trained 
with a vertical force (VF). Control groups consisted of a group of rats receiving treadmill 
training without robotic resistance (n=10) and a group of untrained rats (n=10). Training was 
performed for 15 minutes/day, 5 days/week. After 6 weeks of training with robotic resistive 
forces, improvements in step cycle kinematics were observed based on ankle position data 
collected by the robotic device. Specifically, training with the HF significantly increased step 
length and forward displacement by 24% and 16%. Training with VF did not affect step length 
parameters but significantly improved step height by 26%. Training with VF also significantly 
increased peak vertical velocity during lift and peak vertical velocity prior to paw contact by 
49% and 40% respectively. The percentage of weight bearing steps only improved in the rats 
trained with VF. No significant changes were observed in untrained controls or in rats that were 
trained without the resistive forces. These findings suggested for the first time that adding 
resistive forces enhanced the effectiveness of weight supported treadmill training. HF and VF 
shaped the step cycle in a direction-dependent manner, but training with the vertical resistance 
(which has not yet been studied) may be more beneficial than horizontal resistance. These 



findings have implications for the use of robotic technology in treadmill training therapies 
following SCI. 
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Abstract: There is evidence that applying resistive forces during treadmill training improves the 
recovery of stepping patterns after a spinal cord injury (SCI). Whether the effects of treadmill 
training are augmented by the addition of resistive forces augments is not known. The question 
we asked here was whether adding resistive forces enhanced plasticity in the rat spinal cord more 
so than treadmill training alone. Forty female Sprague Dawley rats received a severe mid-
thoracic spinal cord contusion injury. A baseline test was performed two weeks later, after which 
treadmill training using a robotic device to apply viscous forces that opposed horizontal or 
vertical movements of the hind limbs. One group of rats (n=10) was trained with a robotic 
horizontal force (HF), another group (n=10) was trained with a vertical force (VF), another group 
was trained (T) without force (n=10) and one group was untrained (UT) (n=10). Training was 
performed for 15 minutes/day, 5 days/week. After 6 weeks of training, the rats were killed and 
the spinal cords removed and processed for immunohistochemistry. We performed experiments 
to quantify biochemical markers for synaptic plasticity, i.e. synatophysin, VGLUT1 and GLYT2, 
in the ventral horn of the lumbar spinal cord. The expression of synaptophysin was significantly 
greater after HF training compared to VF and T training (p<0.05). No significant differences 
were found for VGLUT1 and GLYT2 expression in the ventral horn. These preliminary data 



suggested that HF training increased the amount of synapses in the lumbar spinal cord more so 
than other forms of training. The enhanced synaptic plasticity may be associated with the 
observed beneficial effects of training with horizontal resistance. On-going experiments with 
VGLUT and GLYT2 expression around labeled motor neurons will provide greater insight into 
the nature of these synapses. These findings have implications for the use of treadmill exercise 
therapies following SCI. 
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Abstract: Weight supported treadmill training improves walking in individuals with spinal cord 
injured (SCI). Because it is a form of exercise, it may also reduce the risk factors associated with 
metabolic syndrome which is prevalent in the SCI population. In this study, we examined the 
effects of imposing quadrupedal body weight supported treadmill exercise in a rodent model of 
SCI and metabolic syndrome. Seventeen rats received a severe spinal cord contusion (T10). One 
day after the contusion, the rats were placed on a high energy diet consisting of 10% fat, 20% 
sucrose, and 70% normal rodent chow and 40 days later, a low dose of streptozotocin (30 mg/kg, 
i.p.) was administered. The rats were assigned to a trained (n=8) or non-trained group (n=9). 
Training consisted of weight supported, quadrupedal treadmill walking (23 cm/s) for 1 hr/day, 5 
days/week for 6 weeks. Insulin tolerance tests were performed, hemodynamic measurements 
were recorded, and heart and hindlimb muscle tissue was harvested after the rats were killed. 
Based on fasting blood glucose, the high energy diet and STZ treatment was successful in 



inducing hyperglycemia (i.e. >140 mg/dL; trained: 202±50 mg/dL; non-trained: 146±29 mg/dL). 
Fasting blood glucose levels were not significantly different between the groups. However, 
insulin sensitivity was improved by weight supported, quadrupedal treadmill training based on 
insulin tolerance test. We found significant differences in glucose levels 45 and 60 min after 
insulin injection indicating a greater insulin sensitivity in the trained group. No difference in 
insulin sensitivity was found at baseline. Training also significantly increased tibialis anterior, 
gastrocnemius and soleus muscle weights by 7%, 20%, 31% respectively indicating the training 
was effective in activating hindlimb activity in the SCI rats. No significant differences in body 
mass, heart weight or hemodynamic measurements were found between the groups. These 
findings suggest that weight supported treadmill exercise training can reduce some metabolic 
abnormalities that occur after SCI. The mechanism is unclear, but might involve adaptations in 
leg muscles which result in improved glucose utilization. 
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Abstract: Previous studies of weight supported training use robotic devices that place the 
rodents in unnatural bipedal walking conditions. We developed the BART device (Body weight 
supported, ambulatory, rodent trainer) to train rodents in their more natural, quadrupedal gait 
(Hamlin et al., J Neurosci Methods.246:134-41, 2015). However, with the BART device only a 
limited number of steps was possible. We developed circular BART or CBART to exercise both 
the hindlimbs and forelimbs during weight supported overground and treadmill locomotion. The 
CBART device consists of a lever arm that hinges on a fulcrum. One advantage of the simple 



design is that CBART can be easily constructed using parts obtained from any hardware store. 
The rat is placed at one end of the arm and is lifted by a weight placed on the other end of the 
arm. The amount of weight support is controlled by adding more weight or moving the location 
of the weight on the lever arm. The rats walk along a circular path during overground locomotion 
because the arm rotates around a vertical axis. We performed preliminary tests of CBART in 
Sprague Dawley rats that received a severe mid-thoracic spinal cord contusion injury (SCI (n=4) 
and in normal rats (n=4). Ink was placed on the skin above bony landmarks for the ileum, hip, 
ankle and metatarsal-phalangeal joint and the limbs were recorded by a small camera placed on 
the CBART arm. The recorded sequences were analyzed on a computer using MATLAB 
software that was developed in-house. After two weeks of training, all the rats learned to perform 
the overground locomotor task while attached to CBART with and without weight support 
provided. The effect of adding weight support was to decrease step length by 21% and increase 
hip-ankle-toe angle by 10%, consistent with our previous studies. During quadrupedal treadmill 
locomotion, CBART was effective in quantifying differences between poor and good stepping 
spinally contused rats. For example, hindlimb step length was significantly greater in good 
steppers compared to poor steppers (4.25±1.2 vs 0.56±0.5 mm). Ongoing analyses is being 
performed that will provide more details of kinematic characteristics. These preliminary data 
suggested that the CBART device facilitated quadrupedal overground and treadmill locomotion. 
Moreover, CBART is simple, inexpensive and easy to construct. These results suggested that the 
CBART device will be a useful tool for studying more natural forms of locomotion in SCI rats. 
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Abstract: In healthy adults, activation of γ-aminobutyric acidA (GABAA) and glycine receptors 
inhibits neurons as a result of low intracellular chloride concentration, which is maintained by 
the potassium-chloride cotransporter KCC2. A reduction of KCC2 expression or function is 
involved in the pathogenesis of several neurological disorders including spasticity following 
spinal cord injury (SCI). Given the critical role of KCC2 in regulating the strength and 
robustness of inhibition, identifying tools that may increase KCC2 function and hence restore 
endogenous inhibition in pathological conditions is of particular importance. The screening of a 
library of marketed drugs enabled to identify a family of compounds that are able to activate 
KCC2 function and reduce spasticity after spinal cord injury. We showed that the 
prochlorperazine, a member of this family, tested in vitro on the isolated neonatal rat spinal cord, 
was able to hyperpolarize the chloride equilibrium potential in motoneurons and strengthen the 
reciprocal inhibition, after neonatal spinal cord transection. We then showed that the 
prochorperazine was able to reduce spasticity after SCI in vivo in adult rats. This effect was 
blocked by pharmacological blockade of KCC2 using intrathecal injection of DIOA. Acute 
prochlorperazine injection in vivo increased the plasmalemal expression of KCC2 in the ventral 
horn, as revealed by means of immunohistochemistry. These data confirm that targeting KCC2 
represents a valuable therapeutic strategy to reduce spasticity after SCI. 
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Abstract: Spinal cord injury (SCI) is a devastating condition. The specific deficits that result 
from injury depend on the level and severity of the injury. One major challenge for SCI repair is 



to restore voluntary movement, especially hand function, after cervical injury. Rehabilitative 
training, alone or in combination with pro-regenerative interventions, has substantial potential to 
improve functional outcomes after SCI. One useful model for evaluating functional recovery in 
the forelimb after SCI is the C4 bilateral dorsal column lesion (DCL). This injury model removes 
the vast majority of corticospinal inputs onto the forelimb motor pool and creates a severe deficit 
in grasping behaviour, eliminating the ability of rats to retrieve food pellet rewards on a Montoya 
staircase task (Wang et al J Neurosci. 2011). The latter study used the Listed hooded rat, an 
outbred rat strain. Many studies using cell transplantation utilize inbred rat strains, such as the 
Fischer 344 rat. To investigate the utility of the C4 bilateral DCL model for assessing functional 
outcomes, we performed C4 DCL in this rat strain. Notably, the same injury model in the Fischer 
344 rat resulted in only a mild deficit on pellet retrieval: from a pre-operative baseline of 17 + 
0.5 pellets, these animals exhibited a drop in the number of pellets eaten to 2 + 0.3 when tested 7 
day post-lesion. However, they spontaneously recovered to retrieval of 7 + 0.3 pellets by 42 days 
post-lesion. Thus different rat strains can yield different behavioral outcomes, likely due to 
strain-related differences in the importance of other axonal systems in forelimb control, 
including the rubrospinal projection. To develop a lesion model that resulted in persistent 
forelimb deficits and was sensitive to rehabilitation effects, we performed bilateral C4 DCL (to 
remove the CST) plus right dorsal quadrant lesions (to remove the rubrospinal projection) in 
Fischer 344 rats. This lesion resulted in persistent deficits in right forelimb food pellet retrieval 
(0 pellets at 7 days to 2+0.3 pellets at 70 days). Notably, rehabilitation significantly improved the 
mean number of retrieved pellets on week 9 post-lesion from 1.6 + 0.7 pellets/session in 
lesioned, non-rehabilitated rats to 4.6 + 0.3 pellets/session in injured, rehabilitated rats (P<0.05, 
RM ANOVA). On anatomical analysis, lesions were consistent in size and extent. This cervical 
lesion model therefore offers the benefit of exhibiting a benefit from rehabilitation on the Fischer 
344 rat strain. We will now test whether the combination of neural stem cell grafts and 
rehabilitation provide synergistic benefits in functional outcomes. 
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Abstract: Background: In individuals with motor-incomplete spinal cord injury (m-iSCI), the 
ability to functionally ambulate is reduced, partly due to the skilled walking requirements in our 
everyday lives. The ability to modify gait patterns for skilled walking requires appropriate intra- 
and inter-limb coordination. Following SCI, coordination within a limb (intra-limb coordination) 
and the coordination between limbs (inter-limb coordination) can be impaired, which may 
contribute to the reduced ambulatory capacity among individuals with SCI. The aim of this 
project was to determine whether intra- and inter-limb coordination can be improved following 
body weight supported treadmill training with a velocity-dependent resistance applied to the 
lower limbs and whether improvements in coordination are related to improvements in functional 
walking capacity. 
Methods: Individuals with chronic m-iSCI were randomly assigned to body weight support 
treadmill training (BWSTT) with Lokomat-applied resistance (Loko-R) or to conventional 
Lokomat assisted BWSTT (Control). Training sessions lasted 45 minutes, 3 times a week for 3 
months. Before (baseline) and after (post-training) training, lower limb joint kinematics were 
recorded while participants walked on a treadmill with body weight support at their comfortable 
and fastest speed. Motion capture markers were used to determine, hip, knee and ankle angles 
during walking. Joint angles were used to determine overall range of motion and intra- and inter-
limb coordination. Over-ground skilled waking capacity, measured by the Spinal Cord Injury 
Functional Ambulation Profile (SCI-FAP), walking speed (10-meter walk test), and endurance 
(6-minute walk test) were also measured at baseline and post-training. 
Results: Following training individuals in the Loko-R group tended to have greater joint range of 
motion during gait compared to the Control group, and also tended to show improvements in 
lower limb coordination. The Loko-R group also showed greater improvements in over-ground 
skilled walking capacity compared to the control group. 
Conclusion: Lower limb coordination can be improved by BWSTT with Lokomat-applied 
resistance. This data suggests that skilled walking capacity, range of motion and lower limb 
coordination could potentially be used to show improvements in motor control following SCI. 
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Abstract: A complete spinal cord Injury interrupts bidirectional communication between the 
subject’s brain and body. The lesion level, severity and time since the spinal cord damage 
determine both the degree of sensorimotor impairment and the recovery prognosis. In the case of 
chronic paraplegic patients, diagnosed clinically with a complete lesion, or ASIA A (no sensory 
nor motor functions below the level of the injury), chances of spontaneous or induced clinical 
recovery are considered negligible. Here, we describe clinical results of a 24 month training 
protocol, based on a non-invasive closed loop brain machine interfaces, integrated with physical 
rehabilitation. A total of 7 SCI patients (6 ASIA A, 1 ASIA B) were followed. Patients were 
trained to brain control both virtual avatars in a simulated world and robotic gait trainers, using 
both a body-weight support system on a treadmill (Lokomat) and a custom-built exoskeleton. In 
addition, patients received continuous visual and tactile feedback. The latter was delivered, via a 
haptic display, applied to forearm skin. Tactile feedback was given in synchrony with the steps 
of the virtual or robotic actuators. Overall, we observed sensory improvements in all 7 of our 
patients, considering the perception of fine touch, pain and proprioception. Moreover, significant 
motor improvement, involving multiple myotomes below the level of lesion, was documented by 



clinical evaluation (ASIA measurement) and validated via surface EMGs. Overall, 6 out of 7 
patient had their ASIA rank updated (1 subject moved from ASIA B to ASIA C, 4 subjects 
moved from A to C and 1 subject moved from A to B). We propose that a long term training 
with closed-loop brain machine interfaces, combined with routine aided walking, may become a 
new rehabilitative therapy for chronic SCI patients. 
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Abstract: Improving overground walking is a highly valued goal for persons with incomplete 
spinal cord injury (iSCI). Repetitive exposure to short bouts of low oxygen (acute intermittent 
hypoxia, AIH) is a non-invasive therapy that induces locomotor recovery in rodent models and 
humans with iSCI. Recently, we showed that 5 consecutive days of AIH alone or with walking 
practice increases walking ability in persons with chronic iSCI. Despite these exciting findings, 
little is known about the potential long-term beneficial effects or the impact of more frequent 
exposures of AIH on walking recovery in persons with chronic (>1 year) iSCI. The purpose of 
this study was to investigate the effects of prolonged exposures to AIH on overground walking 
speed and endurance in persons with chronic iSCI. We hypothesize that repetitive exposures (5 
times/week for 2 weeks) to modest bouts of low oxygen will enhance and prolong walking 
recovery in persons with chronic iSCI. 
Utilizing a double-blind, counterbalanced, crossover study, four persons with iSCI (AIS D) 
received AIH (FIO2 = 0.09) or normoxia (FIO2 = 0.21) consisting of 15 episodes of 1.5 min 
AIH/normoxia alternated with 1 min normoxia, followed by 30 min overground walking 
practice. We assessed walking speed and endurance using the 10-meter and 6-minute walk tests 



at baseline, treatment days 5 and 10, and at four follow-ups (out to 3.5 weeks post-treatment). 
Measurements of spasticity, incidences of autonomic dysreflexia and systemic hypertension were 
also assessed to confirm that repeat exposures to mild bouts of AIH elicits benefits without 
meaningful maladaptive plasticity in persons with iSCI. 
AIH + walking increased overground walking speed (0.18 ± 0.02 m/s) and distance (78.1 ± 30.1 
m) more than normoxia + walking (speed: -0.01 ± 0.03 m/s, endurance: -16.9 ± 27.4 m). After 
AIH + walking, 4 of 4 subjects exceeded the minimal clinically important difference (MCID) for 
walking speed (≥0.13 m/s) and 3 of 4 subjects exceeded the MCID for walking endurance (≥50 
m) relative to baseline, which persisted up to 3.5 weeks in 3 subjects. AIH was well-tolerated 
with no increase in spasticity, no episodes of autonomic dysreflexia, and low systemic 
hypertension incidence rate. 
Consistent with our hypotheses, AIH appears to be a safe and effective treatment strategy to 
enhance walking recovery in persons with chronic iSCI. When coupled with walking practice, 
AIH elicits prolonged improvements in overground walking speed and endurance, making AIH 
an attractive combinatorial adjuvant to iSCI rehabilitation. Harnessing AIH-induced plasticity to 
promote functional recovery may lead to safer and more efficient community walking in persons 
with iSCI. 

Disclosures:  D.M. Peters: None. H.B. Hayes: None. M.C. Oakley: None. R.T. Havranek: 
None. R.D. Trumbower: None. 

Poster 

627. Spinal Cord Injury: Rehabilitation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 627.10/YY10 

Topic: E.09. Spinal Cord Injury and Plasticity 

Support: NIH NINDS NS054894 

 NIH NINDS NS072651 

Title: Robot assisted rehabilitation paired with subthreshold optogenetic stimulation of motor 
cortex below bregma enriches cortical representation of trunk muscles in complete spinal 
transected adult rats 

Authors: *K. A. SCHMIDT, S. F. GISZTER;  
Drexel Univ., Philadelphia, PA 



Abstract: Due to altered sensory afferents and motor efferents, a complete T9/T10 spinal cord 
injury (SCI) in rats leads to reorganization of sensori-motor cortex. Neonatally transected (NTX) 
rats can be trained to take weight supported steps on a treadmill with the assistance of a body 
weight supporting robot. Robot/treadmill trained NTX rats undergo an additional cortical 
reorganization compared to untrained NTX rats such that the center of gravity (COG) of trunk 
motor areas shifts caudally, and a greater representation of trunk muscle segments below the 
sight of injury appear. Because this cortical reorganization is coupled with an improvement in 
locomotor activity in NTX rats, we asked if promoting plasticity in the trunk motor cortex below 
bregma using subthreshold optogenetic stimulation would affect cortical reorganization and 
functional changes in adult transected (ATX) rats. 
Using viral delivery, we introduced Channelrhodopsin (ChR2) or a control fluorophore (EYFP) 
targeted to pyramidal cells of the sensorimotor cortex below bregma. With robotic assistance, 
some ATX rats were trained to walk on a treadmill as described above while receiving 
continuous 470nm light stimulation. Three groups of robot trained rats were prepared:  ATX 
with ChR2 (ATX-ChR2, current N=6), ATX-ChR2 rats also with AAV5-BDNF injected into the 
lumbar spinal cord to induce hindlimb alternation (ATX-ChR2/BDNF, current N=4), and a 
control group (ATX-EYFP, current N=6). A cage rest group (ATX-ChR2-CR, current N=5) 
received constant light stimulation 20mins/day for five weeks.  After five weeks, rats underwent 
a terminal intracortical microstimulation (ICMS) map. 
A significant caudal shift in trunk representation COG was observed in robot trained ChR2 rats 
but not in CR rats (p<0.05 Wilcoxon rank-sum test). Both ChR2 robot trained groups showed 
significantly more information by entropy calculations in regions of cortex below bregma 
compared to controls (p<0.05 ANOVA with LSD post hoc comparison). A significant increase in 
lumbar trunk representation was observed in ChR2-BDNF treated rats compared to EYFP rats 
(p<0.05 Wilcoxon rank-sum test). The ChR2-BDNF group also showed more information by 
entropy calculations from muscles located below the site of injury, and had higher cumulative 
pairwise mutual information than other groups. These results show that, when paired with robot 
assisted rehabilitation training, optogenetic subthreshold excitation can enrich cortical trunk 
representation below bregma and may lead to improved functional outcome in ATX rats. 
Supported by NIH NINDS NS054894, and NS072651 and the Craig Neilsen Foundation . 
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Abstract: Objectives: Restoration of upper extremity (UE) motor function is often cited as the 
primary rehabilitation priority among individuals with tetraplegia. Direct modulation of cortical 
excitability with a single session of transcranial direct current stimulation (tDCS) has been 
shown to improve UE function in persons with tetraplegia. However, the functional effects of a 
multi-session course of tDCS have not been evaluated in persons with tetraplegia using a 
pragmatic approach designed to closely mirror traditional UE rehabilitation. The goal of this 
pilot study was to determine whether tDCS was a safe and feasible adjunct to standard fine motor 
training (FMT) sessions in the clinical setting. 
Methods: Two participants with subacute (≤ 3 months post-injury) and two participants with 
chronic (≥ 6 months post-injury) cervical spinal cord injury were recruited for this pilot study. 
Following a one week control wash-in consisting of two 1 hour sessions of FMT alone, tDCS 
was applied as an adjunct to inpatient/outpatient FMT for three weeks. FMT was specifically 
tailored to reflect the individual recovery goals of each participant. UE strength (manual muscle 
testing, dynamometry), sensation (Semmes-Weinstein Monofilament Test) and function (Graded 
Redefined Assessment of Strength, Sensibility and Prehension - GRASSP) were measured prior 
to the intervention (baseline), following the control wash-in (FMT) and after the three weeks of 
combined cortical stimulation and training (tDCS + FMT). One subacute participant also 
participated in a follow-up evaluation three weeks after the conclusion of tDCS + FMT. 
Results: Cortical stimulation was well-tolerated by all participants with only one subject 
reporting a mild headache the evening after the first tDCS session. Function of the UE stimulated 
by tDCS improved during the study for all participants (1-4 point improvement in GRASSP 
quantitative total score). However, based on this small sample of subjects it is not possible to 
determine whether these improvements were related to cortical stimulation, as similar rates of 
functional and sensory gains were observed during both the control wash-in and combined 
cortical stimulation and training. Interestingly, the individual who participated in follow-up 
displayed greater functional improvements in the stimulated UE than the unstimulated UE at 
final evaluation. 
Conclusions: This pilot study demonstrates that tDCS is a safe adjunct to FMT that is feasible for 
application in the clinical setting. Future studies should directly compare the multi-session 
effects of FMT alone vs. tDCS + FMT to determine the effectiveness of augmenting FMT with 
tDCS in the clinical setting. 
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Abstract: Purpose: Individuals with a spinal cord injury (SCI) often experience involuntary, 
reflex evoked muscle activity and stiffness associated with spasticity. While pharmacological 
treatments are the most often used approach to alleviate this spasticity, these treatments often 
have deleterious side effects. Physical therapeutic interventions offer an alternative treatment for 
the reduction of spasticity. However, while many different interventions have been studied, a 
systematic comparison of these approaches has not previously been completed. The purpose of 
this study was to compare four non-pharmacological interventions to assess their efficacy for 
spasticity reduction. Methods: Participants were individuals (n=10) with chronic SCI (≥ 1 year) 
who exhibited hyperreflexic responses to stretch of the quadriceps. The degree of quadriceps 
spasticity was objectively quantified using the pendulum test before and at two time points after 
(immediate and delayed: 45 min) each of 4 different physical therapeutic interventions: 
stretching, cyclic passive movement (treadmill-based robotic gait orthosis), transcutaneous spinal 
cord stimulation (tcSCS), and transcranial direct current stimulation (tDCS). A fifth intervention 
(peripheral stimulation, PS), consisting of a brief ramp up and down of stimulation at the knee 
and ankle, served as the sham control condition. A minimum 48 hour washout period was 
utilized between interventions. In addition to the pendulum test, electromyographic (EMG) 
recordings of the quadriceps, hamstrings, tibialis anterior, and soleus muscle activity were used 
to verify the presence of the stretch response and identify the onset of stretch-evoked muscle 
activation. Results: There was a significant reduction in quadriceps spasticity, as indicated by an 
increase in pendulum angle, for all interventions when compared to the sham control. Moreover, 
the decrease in spasticity from each intervention persisted for at least 45 minutes. While there 
was no single intervention that was significantly more effective at reducing spasticity, tcSCS 
showed a trend towards having a greater persistence in the reduction of spasticity than other 
interventions. Discussion and Conclusions: These preliminary findings indicate that single 
sessions of each physical therapeutic intervention can function as feasible short-term treatments 
for spasticity. While these findings suggest that physical therapeutic interventions may 



supplement or replace standard antispastic medications, future studies should directly compare 
the antispastic effects of these physical therapeutic interventions to those of the antispastic 
medications. 
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Abstract: The corticospinal tract (CST) is critical for skilled and voluntary movements. Damage 
to the CST after stroke or SCI results in motor impairments. Most injuries are incomplete and 
promoting spared CST connections after injury is an important strategy for CST repair. In 
rodents, CST connections are made primarily with contralateral spinal interneurons. In many 
monkey species and humans, the CST makes mostly contralateral and some ipsilateral 
projections to spinal cord interneurons and, importantly, motoneurons. Thus rodent models fail 
to capture some of the key features of the CST in humans. Mice with conditional forebrain 
deletion of the gene for Plexin A1 (PlexA1KO), have an abundance of direct connections 
between the CST and motoneurons, as well as ipsilateral descending projections in white matter 
territories similar to primates and humans (Gu et al, submitted; Kalambogias et al; SFN abstracts 
2015), making this mouse potentially an important model to study CST repair. The effect of gene 
deletion on CST connections is attributable to eliminating axon repulsion and maintenance of 
exuberant projections during development due to loss of CST PlexinA1-Semaphorin6D 
signaling. Here we used this novel mouse model with a CST that shares key features of the 
human CST to determine if M1 electrical stimulation, which we have shown in rats promotes 
CST sprouting, can be used to establish more corticomotoneuronal (CM) connections and 



stronger M1 to muscle throughput. We assayed for CM connections using M1 stimulus-triggered 
averaging and confocal microscopy. To promote activity-dependent sprouting, we chronically 
stimulated M1 unilaterally for 10 days (6 hours/day; Brus-Ramer et al 2007). In adult uninjured 
PlexA1 KO mice, anterograde tracing revealed increased CST axon length and varicosities 
within cervical motor pools in stimulated compared to non-stimulated mice. Stimulation also 
increased projections to the intermediate zone and, generally, to the ipsilateral side. 
Morphological analyses are in progress to determine if there were similar changes in putative 
CST synapses on motoneurons and interneurons. The anatomical changes were paralleled by a 
substantially increased capacity for M1 to activate forelimb muscles. Our findings show that 
activity-dependent sprouting takes advantage of the reduced repulsive effects of PlexinA1-
Sema6D signaling to increase CM connections, as well as interneuron connections and ipsilateral 
CST projections. That CST neuron activation can lead to the formation of new CM connections 
in this model further suggests that PlexinA1-Sema6D signaling is important in the maturity in 
specifying CST connections. 
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Abstract: More than 250,000 traumatic spinal cord injuries are reported every year worldwide, 
causing paralysis of the lower limbs in 53 % of the cases. Locomotor training has been shown to 
be efficacious in the progression of neurologic rehabilitation. It is founded on the principle of 
activity dependent plasticity but the understanding of its mechanisms remains poorly 
investigated. In Wistar female adult rats with complete spinal cord transection (SCT), we 



compared the effect of 3 different types of locomotor training on the innervation of lumbar 
motoneurons (MNs). The training procedures, which started one week after SCT and lasted 10 
weeks, were as follows: 1) Passive training of bicycling exercise (BE rats, Coté et al., 2014); 2) 
Imposed treadmill training with perineal stimulation (PS rats, Alluin et al. 2015); 3) Combination 
of spontaneous moving in enriched environment, treadmill training and physiotherapy, 
completed after 8 weeks by 5-HT2 agonists treatment (UOS rats, Bras et al., 2013). By means of 
immunocytochemistry we analyzed: 1) Occurence of cholinergic (VACHT) and glutamatergic 
(VGLUT1) excitatory inputs. 2) Occurrence of inhibitory GABA and Glycine inputs (VGAT). 3) 
Density of P-boutons (GAD65, pre-synaptic inhibition) on primary sensory afferents (VGLUT1). 
More than 450 MNs with similar diameters were selected in L3-L4 lumbar segments. In intact 
rats, VGLUT1 and VACHT axon terminals were large boutons (5 µm2), sparsely distributed on 
the MN membrane (3 and 5 per 100 µm). VGLUT1 received a mean number of 1.6 p-boutons. 
VGAT terminals were smaller boutons (2.4 µm2), 7 times more numerous than VGLUT1. In BE 
rats, a significantly increase of the size of VGLUT1 terminals suggested an increased excitability 
of MNs in absence of changes in the density and size of VACHT and VGAT terminals as well as 
p-boutons. In PS rats the density of VGLUT1 and the size of VACHT boutons significantly 
decreased whereas the size of VGAT terminals and p-boutons were significantly reduced, 
suggesting a decrease of both excitatory and inhibitory innervations. In UOS rats, a significant 
increase of the size of cholinergic excitatory inputs as well as VGAT inhibitory inputs, together 
with an increased density of the p-boutons, suggested a reinforcement of both excitation and 
inhibition. In sum, different training procedures of SCT rats result in specific changes of the 
innervation of lumbar MNs. This results show that sub-lesional lumbar premotor interneurons 
are able of adaptive plastic changes of their innervation to adjust the balance between excitation 
and inhibition and adapt to alterations of the integrative properties of MNs occurring after SCI. 
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Abstract: The goal of this project is to develop an intervention for improving walking after 
incomplete spinal cord injury (iSCI). Arm activity can significantly modulate the performance of 
the legs in various types of rhythmic locomotor activities including walking and cycling, which 
are generated by a common spinal network. Despite this knowledge, current rehabilitation 
interventions for improving walking do not actively involve the arms. 
Therefore, we proposed the combined use of arm and leg cycling in a 12-week training paradigm 
for people with iSCI to improve ambulation. Thirteen volunteers with chronic iSCI were divided 
in 2 groups: arm & leg cycling (A&L) group and leg only cycling (Leg) group as control. We 
investigated: 1) the role of arms in the improvement of walking; and 2) the transfer of the effects 
of recumbent cycling to upright walking. 
There was no significant difference between the two groups in walking speed or walking 
distance at the pre-training stage. Compared to pre-training, the 10-meter walking speed test 
showed significant improvements of 0.10 to 0.62 m/s in the A&L group, and 0.02 to 0.21 m/s in 
the Leg group. The A&L group improved significantly more in normalized speed change than 
the Leg group (p=0.03). Similarly, the 6-minute walking distance test showed post-training 
improvements of 29.83 to 292.84 m in the A&L group, and -7.04 to 61.09 m in the Leg group, 
although the difference in improvements between the two groups was not significant (p=0.38). 
Spatiotemporal kinematic parameters were measured (i.e. double support, step length, swing 
time and stance time) to evaluate the quality of over-ground walking. Participants were 
instructed to walk on a 6-m long track at self-selected speeds before and after training. After 
training, the A&L group showed significant improvements in most of the measures, whereas the 
Leg group only had significantly faster self-selected walking speed after training. Hip-knee 
cyclograms illustrated the angular excursions of the two joints within each gait cycle. 
Significantly higher cycle consistency of the hip-knee joint movement (p=0.016) and larger area 
within the cyclogram (p=0.042) were found. Furthermore, the stronger side in the A&L group 
had a significant increase in the consistency coefficient of 0.06 ± 0.02, but no significance in 
consistency was found in the Leg group. 
This study suggests that non-gait-specific neurorehabilitation techniques could be translated into 
improved ambulation. More importantly, the findings provide strong support for active 
engagement of the arms in lower limb rehabilitation for more effective restoration of leg 
function. 
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Abstract: Neuromodulation techniques to spinal neural circuits can be applied to enhance 
rehabilitation for individuals with spinal cord injury patients (Herman et al. 2002; Harkeme et al. 
2011). To date, some techniques such as transcutaneous spinal direct current stimulation (Lamy 
et al. 2012) or repetitive trans-spinal magnetic stimulation (Gerasimenko et al. 2010) have been 
utilized to non-invasively modulate spinal neural activity. Recently, transcranial static magnetic 
field stimulation (tSMS) has been demonstrated to modulate cortical function as one of the most 
non-invasive and painless neuromodulation tools (Oliviero et al. 2011; 2015). In the present 
study, we investigated the effect of tSMS applied over the spinal cord on the corticospinal 
excitability for testing a potential new technique to modulate spinal neural activity. To obtain 
static magnetic field, we utilized a cylindrical neodymium magnet (50 mm × 30 mm) with a 
magnetic intensity at the surface of the magnet of 0.46 T. We applied tSMS and sham 
stimulation with putting the magnet or non-magnetic steel cylinder over the cutaneous surface of 
the neck (C8 level) for 15 minutes to healthy subjects. Motor evoked potentials (MEPs) were 
recorded from muscles (target: first digital interosseous (FDI)) in right upper limb by single 
transcranial magnetic stimulation (TMS) of the left motor cortex. MEPs were recorded before, 
during and after tSMS and sham stimulation. All subjects participated in two experimental 
conditions (tSMS and sham stimulation) on separate days. The experiments were performed in a 
double-blinded design. Results showed 20~30% reduction of the MEPs on average during and 
after tSMS. Two-way repeated ANOVA showed a significant main effect of condition (tSMS 
and sham). It indicated that the corticospinal excitability in upper limb muscles was decreased by 
the tSMS compared to sham stimulation. This result suggests that tSMS is able to be a future 
neuromodulation tool for individuals with spinal cord injury. 
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Abstract: Introduction: Chronically paralyzed spinal cord injured (SCI) patients have shown 
the ability to generate voluntary step-like movements via electrical spinal stimulation. Intraspinal 
microstimulation (ISMS) is a technique which has shown promise in restoring motor function by 
activating specific muscle groups while minimizing fatigue. We have developed a large animal 
swine model of spinal stimulation to take advantage of the anatomical similarities between 
human and swine spinal cords and to facilitate the development of spinal cord stimulation 
technologies. However, the intervertebral and intraspinal locations of motor pools that drive 
muscle activity responsible for limb function need to be elucidated before this model can be used 
to develop technologies for functional restoration. Therefore, we set out to characterize these 
motor-evoked responses using ISMS to create a functional atlas of spinal-evoked responses by 
recording muscle activity in the hind limbs of swine. 
Methods: Swine (n=6 female) hind limb flexion, extension, abduction, and adduction 
movements were evoked using intraspinal stimulation (50 Hz, 2 s, 200 µA) at different depths, 
separated by 250 microns, and following a dorsoventral implantation trajectory. During 
stimulation, electrical activity from the biceps femoris, gastrocnemius, gluteus medius, gracilis, 
tibialis anterior, and soleus muscles was recorded using intramuscular electromyography (EMG). 
Spatial mapping of muscle activation was achieved by co-registering subject-specific post-
mortem magnetic resonance imaging (MRI), computed tomography (CT) scans, and stereotactic 
electrode coordinates in a single coordinate system. 
Results: As the electrode was advanced into ventrally-located motor regions of the spinal cord, 
the motor-evoked muscle responses varied, typically displaying an increasing response as the 
electrode approached the ventral limit of the trajectory. A functional atlas of the swine spinal 
cord was established via co-registration of the CT and MRI scans across stimulation parameters 
and across animals. 



Conclusions:  This functional atlas established will permit targeted stimulation of specific hind 
limb muscles via stereotactic delivery of intraspinal electrodes for targeted activation of hind 
limb muscles in chronic SCI models. This work will be used to evaluate responses in a chronic 
model of SCI, which can be used to optimize clinical stimulation techniques. 
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Abstract: SCI interrupts connections between the brain and spinal cord. An important strategy 
for promoting motor function after SCI is to promote sprouting of the spared axons of 
descending motor pathways. We focused on the corticospinal tract (CST), which is essential for 
skilled voluntary movements. We showed that electrical stimulation of the motor cortex (M1) to 
activate CST neurons enhances CST outgrowth and promotes motor recovery. We recently 
showed that combined chronic M1 and trans-spinal direct current stimulation (tsDCS), 30 
minutes/day for 10 days, results in robust CST outgrowth and motor recovery after pyramidal 
tract lesion (Song et al., 2016). In that study we used intermittent theta burst stimulation (iTBS), 
which has the same pulse pattern as the commonly-used magnetic neuromodulatory stimulation 
in humans for producing corticospinal system plasticity. Electrical iTBS in rats produced strong 
short-term enhancement of evoked muscle activation. Importantly, only 30 minutes of daily 
stimulation was effective in producing durable, functional plasticity. The goal of the present 



study is to determine the differential contributions of iTBS M1 stimulation and and tsDC on CST 
outgrowth and M1-to-muscle connection strength in rats. Chronic stimulation, between day 10 
and day 20 after unilateral pyramidal tract lesion (PTX), was delivered for 30 minutes daily. We 
examined 4 animal groups: injury only; injury+tsDC; injury+iTBS; injury+combined iTBS and 
tsDC. Cervical DC stimulation was cathodal and was applied using skin electrodes (trans-spinal). 
To date, we have analyzed the effects of iTBS only. The contributions of spinal DC is in 
progress. iTBS produced significant CST sprouting into the ipsilateral (denervated) intermediate 
zone and motor pool compared with the injury-only animal group. We assayed M1-to-muscle 
connection strength by constructing muscle response recruitment curves that show the increase in 
muscle evoked responses to progressively larger amplitude M1 stimulation. Compared with 
injury only, iTBS substantially enhanced the muscle response recruitment curve. This 
enhancement was paralleled with an expansion of the ipsilateral cortical motor map of the 
impaired/denervated wrist and elbow. Our findings show that a remarkably brief daily period of 
iTBS of M1 is capable of producing robust CST axonal outgrowth and stronger M1-to-muscle 
connections. This suggests that M1 neuromodulatory approaches commonly used in humans 
could produce structural plasticity in the spinal cord and further informs activity-based therapies 
for promoting function after injury. 
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Title: Delayed treatment of forelimb flexor muscles with an AAV encoding human 
Neurotrophin-3 normalizes muscle afferent connectivity, treats abnormal proprioceptive reflexes, 
reduces forelimb spasms, and improves walking after bilateral corticospinal tract injury in rats 
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Abstract: CNS injury often causes spasticity and disability. We now show that bilateral 
transection of the corticospinal (CST) tracts in the pyramids causes flexor spasms in the 
forelimbs, hindlimbs and tail that are easily quantified from movies of freely moving rats in the 
open field. Fortnightly H-reflex testing confirmed that naïve rats show rate-dependent depression 
of a monosynaptic reflex of a flexor forelimb muscle whereas rats with bilateral pyramidotomy 
exhibit less rate-dependent depression (i.e., hyper-reflexia). Polysynaptic reflexes between 
antagonist muscles were increased after CST injury, which may cause co-contraction. 
Corticospinal tract injury slightly reduced grip strength and caused mild forepaw hypersensitivity 
(Von Frey). Walking was impaired on a horizontal ladder with irregularly spaced rungs. 
Injection of AAV1 encoding human prepro neurotrophin-3 (NT3) unilaterally into forelimb 
flexor muscles reduced all these signs of spasticity (relative to AAV1-GFP). Intramuscular NT3 
progressively reduced forelimb flexor spasms in the open field and normalized proprioceptive 
monosynaptic H-reflexes of a flexor forelimb muscle. This is consistent with expression of TrkC 
receptors in proprioceptive muscle afferents. NT3 also normalized polysynaptic reflexes to 
muscles supplied by the ulnar nerve but only those involving afferents from injected muscles 
(e.g., synergist flexor muscles and not antagonist extensor muscles). NT3 normalised the pattern 
of excitatory synapse-like boutons from primary afferents upon motor neurons. NT3 also 
normalized the pattern of vGAT+ boutons on vGluT1+ afferents, indicating that pre-synaptic 
inhibition may have been restored. NT3 also normalized the level of the KCC2 ion transporter in 
motor neuron membranes, which may indicate more-normal neuromuscular excitability. Finally, 
NT3 was transported in afferents from injected muscles to the DRG. RNAseq of cervical DRG 
identified mRNAs and miRNAs whose levels were dysregulated by CST injury but were 
normalized by NT3 treatment. Finally, NT3 treatment did not cause cutaneous hypersensitivity 
(pain). Thus, whereas existing therapies for spasticity are symptomatic, NT3 treats many 
underlying causes of spasticity as well as its symptoms. 
These findings are exciting because (1) we administered NT3 in a clinically relevant time frame 
and by a straightforward route. (2) Recombinant NT3 is safe and well-tolerated in five Phase I 
and II clinical trials (unlike NGF). (3) The world’s first gene therapy (Glybera) involves i.m. 
injection of an AAV1 encoding a different transgene, which paves the way for NT3 as a therapy 
for CNS injury. 

Disclosures:   L.D. Moon: E. Ownership Interest (stock, stock options, royalty, receipt of 
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Abstract: Background: Postural control is the ability to maintain or restore a state of balance 
during any posture or activity. It involves the coordination of the trunk, lower and upper limbs, 
and head along with inputs from multiple sensory systems. Many people with a spinal cord 
injury (SCI) at or above the level of T6 experience impaired postural control while seated due to 
a loss of innervation of the trunk muscles. Improving seated postural control is particularly 
important in SCI wheelchair users because it increases independence with activities of daily 
living, facilitates functional mobility, and enhances quality of life. Robotic exoskeletons 
facilitate gait training for those with neurological impairments, but it remains unknown how they 
engage postural muscles to control balance during walking. If training with robotics challenges 
dynamic postural control, secondary benefits of training may include the transfer of improved 
postural control to seated balance activities. The purpose of this study is to examine changes in 
seated balance control in people with motor-complete SCI after gait training with robotic 
exoskeletons. 
Methods: Individuals with motor-complete SCI at or above the level of T6 (n= 4) were randomly 
assigned to complete 3 training phases with robotic exoskeleton gait devices, either Ekso-
Lokomat-Ekso or Lokomat-Ekso-Lokomat. Each phase involves 10 sessions completed over 3 
weeks with up to 45 minutes of walking per session. During these sessions, we focus on 
increasing comfortable walking speed. We evaluate seated balance control before and after each 
training phase. The center of pressure (COP) variability during eyes open (EO) and eyes closed 
(EC) conditions, and total distance during a limit of stability (LOS) test is calculated from a 
forceplate. 
Results: Subject 1 reduced COP sway after phase 1 Ekso-training (EO= 3.17 to 1.66mm, EC= 
4.23 to 3.48 mm). COP sway increased to 2.48mm during EO and remained at 3.47mm for EC 
after phase 2 Lokomat-training. LOS total distance was 323 mm at baseline, 385mm after phase 
1, and 319mm after phase 2. Subject 2 is currently in phase 2. After Ekso-training in phase 1, 
Subject 2 reduced COP sway (EO= 4.36 to 3.09mm, EC= 6.96 to 4.23mm) and improved LOS 



total distance from 194.6mm at baseline to 217.6mm after phase 1. Subject 3 and 4 are currently 
in phase 1. 
Conclusions: Our preliminary findings show that gait training with robotics may improve seated 
balance control following SCI. This work will be important to understand how balance control 
mechanisms are challenged during gait training with robotics. 
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Abstract: Background: Individuals with cervical spinal cord injuries (SCIs) often have severe 
respiratory impairments and require ventilatory support. Rhythmic diaphragm activation via 
intramuscularly placed wires (i.e. “pacing”) is a relatively new approach for sustaining 
ventilation after acute SCI, and the intramuscular wires also enable recording of diaphragm 
electrical activity. Acute, intermittent exposure to moderate (and safe) levels of hypoxia (IH) is a 
therapeutic approach that can trigger spinal neuroplasticity and increases in respiratory and 
somatic motor output in both animals and humans with SCI. However, the direct impact of acute 
IH on diaphragm activation has never been examined in a person with SCI. In addition, the 
potential for IH to modulate respiratory function has not been explored in individuals with severe 
respiratory impairment after SCI. Accordingly, the purpose of this case report is to describe the 
effects of IH on respiratory function and diaphragm activation in an adult with SCI and 
dependence on diaphragm pacing. Methods: A 46 year-old male with complete C5 SCI (AIS A) 



completed eight, 1-minute bouts of IH. Each bout consisted of breathing a mildly hypoxic gas 
mixture (10-15% oxygen) through a face mask, interspersed with 1-minute periods of room air 
breathing. Blood oxygen saturation was monitored. Maximal expiratory and inspiratory pressures 
as well as diaphragm electromyograms were recorded prior to and 45-minutes after completion 
of IH. Diaphragm muscle activation was quantified based on the peak amplitudes of activation 
recorded during a maximal inspiratory effort. Results: During the bouts of IH, blood oxygen 
saturation decreased from 96 to 86% for brief intervals and then rebounded. This response is 
consistent with prior reports of IH in adults with SCIs. Following eight bouts of IH, maximal 
expiratory pressure increased 45% from 11.5 to 16.7 cmH20, while maximal inspiratory pressure 
increased 18% from 22.3 to 26.3 cmH20. Peak amplitude of diaphragm electromyograms 
recorded from intramuscular wires increased 6%. Conclusions and Discussion: The outcomes 
demonstrate that acute IH is feasible and potentially beneficial in individuals with severe SCIs 
and dependence on diaphragm pacing. The increased respiratory pressures and diaphragm 
activation following IH are consistent with facilitation of respiratory synaptic pathways, as 
demonstrated in numerous animal studies. To our knowledge this is the first time IH has been 
applied to an individual with a diaphragm pacer and severe respiratory impairment. The 
outcomes suggest great therapeutic potential of IH to trigger plasticity and motor recovery in 
severe cases of SCI. 
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Abstract: Incomplete spinal cord injury, characterized by sparing of some fibers and parts of 
tracts still connecting the brain with the spinal cord caudal to the lesion, affects millions of 
people worldwide. Loss of motor control and locomotion is common, also in patients who retain 
some degree of leg muscle innervation. A small group of neurons in the pedunculopontine and 
cuneiform nuclei of the midbrain tegmentum, the mesencephalic locomotor region (MLR), are 
well known to initiate and control locomotion in the spinal cord predominantly indirectly via 
ipsi- and contralateral reticulospinal tracts. Electrical deep brain stimulation (DBS) of the MLR 
using the brain´s intrinsic motor command circuits was shown to be a novel treatment strategy to 
induce recovery of locomotor functions in rats with subtotal spinal cord lesions. In order to 
investigate the long-term effects of DBS of the MLR on hindlimb motor function and cortical 
control, we stereotactically implanted DBS electrodes unilaterally into the MLR of rats, which 
afterwards received extensive thoracic spinal cord injuries. Detailed functional analyses of joint 
movements and limb kinematics during overground locomotion with (DBS-ON) and without 
stimulation (DBS-OFF) were performed. MLR-DBS acutely enables close to normal locomotion 
in rats with functional deficits resembling those observed in patients able to stand, but with very 
limited walking abilities. MLR-DBS enhances particularly speed and frequency of hindlimb 
movements during walking as well as under gravity-released conditions during wading and 
swimming. Importantly, rats avoid clashing into walls or obstacles, suggesting that cortical 
control is preserved at low and medium intensities during acute stimulation. The long-term 
functional and anatomical effects of DBS of the MLR are currently under investigation. MLR-
DBS may represent a novel strategy not only to acutely awake locomotor activity, but also to 
train severely locomotor impaired patients to permanently reach a higher level of functionality. 

Disclosures:  A. Hofer: None. M.P. Schneider: None. A.K. Engmann: None. A.C. 
Mosberger: None. L.C. Bachmann: None. N. Russi: None. S. Imobersteg: None. H. Kasper: 
None. M.E. Schwab: None. 

Poster 

627. Spinal Cord Injury: Rehabilitation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 627.23/ZZ9 

Topic: E.09. Spinal Cord Injury and Plasticity 



Support: Craig H Nielsen Foundation 

 NIH-NINDS Grant NS-083666 

Title: Exercise modulates sensory processing through chloride homeostasis after SCI. 

Authors: *G. CARON, S. CHOYKE, B. DUFFY, J. WILSON, M.-P. COTE;  
Neurobio. and Anat., Drexel Univ. Col. of Med., Philadelphia, PA 

Abstract: Spinal Cord Injury (SCI) undeniably decreases the amount of activity performed by an 
individual. Activity-based therapies are part of comprehensive rehabilitation strategies, but the 
mechanisms underlying the observed functional improvement after SCI remains poorly 
understood. Normal GABAA receptor function is critically dependent on chloride homeostasis, 
which is largely determined by the relative expression of two chloride transporters, the outward-
rectifying KCC2 and the inwardly-directed NKCC1. SCI decreases KCC2/NKCC1 ratio in 
dorsal horn neurons and lumbar motoneurons with a consequent increase in intracellular Cl-

. This 
disruption in chloride homeostasis after SCI leads to neuropathic pain and 
hyperreflexia/spasticity. We have showed that chloride homeostasis can be restored by physical 
activity with consequent improvement in reflex modulation and also decrease hyperreflexia. The 
regulation of chloride homeostasis is not only involved in the regulation of motor output, but is 
also involved in sensory processing. A notable exception to chloride transporters expression 
takes place in primary afferents neurons. Because KCC2 is not expressed in primary afferents 
neurons located in DRGs, chloride levels remain high and GABAA receptors activation induce a 
primary afferents depolarization (PAD). Here, we explore the role of NKCC1 expression level 
on the level of presynaptic inhibition after SCI and the beneficial effects of physical activity on 
its recovery. NKCC1 expression will be quantified using PCR and Western blot analysis of L3-
L5 DRGs and will be correlated to the level of presynaptic inhibition measured as dorsal root 
potentials in step-trained rats and untrained rats. Our results suggest that SCI decreases NKCC1 
expression in DRG neurons associated with a decrease in presynaptic inhibition. Step-training 
returned NKCC1 levels and improved presynaptic inhibition without increasing neuropathic 
pain. Differential results obtained from proprioceptive and nociceptive afferents will be 
presented. 

Disclosures:  G. Caron: None. S. Choyke: None. B. Duffy: None. J. Wilson: None. M. Cote: 
None. 

Poster 

627. Spinal Cord Injury: Rehabilitation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 627.24/ZZ10 



Topic: E.09. Spinal Cord Injury and Plasticity 

Support: SNF Dynamo 315230_149902 

Title: Stable and biocompatible intraneural electrodes alleviate leg motor deficits after spinal 
cord injury 

Authors: *S. M. WURTH1, M. CAPOGROSSO1,3, S. RASPOPOVIC1,3, J. GANDAR2, A. 
CUTRONE3, N. KINANY1, G. FEDERICI1, Q. BARRAUD2, N. PAVLOVA2, G. COURTINE2, 
S. MICERA1,3;  
1Bertarelli Fndn. Chair in Translational Neuroengineering, CNP, STI, 2Paraplegic Fndn. Chair in 
Spinal Cord Repair, CNP, BMI, EPFL, Lausanne, Switzerland; 3The Biorobotics Inst., SSSA, 
Pontedera (PI), Italy 

Abstract: Neural interfaces enable reading from and writing into the peripheral nervous system 
(PNS). Their stimulation capabilities have opened opportunities to restore lost sensation and 
alleviate motor deficits. However, incomplete characterisation of the long-term usability and bio-
integration of intra-neural electrodes has restricted their clinical applications. Here, we 
conducted a longitudinal assessment of the stability, functionality, and biocompatibility of 
polyimide-based intra-neural electrodes that were inserted in the rat sciatic nerve of healthy or 
spinal cord injured rats for up to six months. Regular neurophysiological assessments 
demonstrated the ability to recruit extensor and flexor muscles of the ankle selectively 
throughout the experiments with electrical stimulation properties stabilizing three to four weeks 
after the implantation. The time course of these adaptations coincided with the progressive 
development of a fibrotic capsule around the electrodes. Despite this foreign body reaction, the 
selectivity remained stable over the following months. These functional properties supported the 
development of control algorithms that modulated the forces produced by ankle extensor and 
flexor muscles with high precision. We exploited this selectivity in a rat model of severe spinal 
cord injury to develop hybrid neuromodulation strategies combining peripheral and epidural 
electrical stimulations applied over lumbar segments. Continuous epidural electrical stimulation 
(EES) is known to enable locomotion of paralyzed rats. The additional, closed-loop control of 
peripheral nerve stimulation allowed the selective and graded tuning of key gait features, which 
enabled the rats to walk overground and climb staircase despite the interruption of brain input. 
This complementary EES-PNS neuromodulation therapy opens up novel opportunities to enable 
and restore motor control after neurological disorders. 
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Abstract: Most spinal cord injuries (SCIs) are incomplete, however spontaneous plasticity, 
mediated via the spared spinal pathways is insufficient to restore normal function. One approach 
to augment plasticity in spinal networks is via intermittent brief exposure to mild hypoxia (also 
known as acute intermittent hypoxia or AIH). AIH induces rapid neuroplasticity, and has been 
shown to enhance volitional lower limb function in persons with incomplete SCI. Whether AIH 
induced neuroplasticity is equally prevalent in spinal motor pathways regulating upper limb 
musculature is not known. Accordingly, in ongoing studies we are testing the hypothesis that 
AIH will augment upper limb neuromotor function in humans. In two sets of experiments, we 
quantified the effect of a single session of AIH (15, 90-second episodes of 10% oxygen) on arm 
and hand function. First, we measured isometric flexion force at the elbow during maximal 
voluntary contraction (MVC) in three subjects (2 able-bodied, and 1 incomplete cervical SCI). 
Muscle activity from the biceps brachii was also recorded using a 128 channel high density EMG 
grid. The root mean square (RMS) value for each channel was calculated to generate muscle 
activity maps. MVC was done before, immediately after, and 60-minutes post-AIH. Sham 
normoxia trials were done one week later in the same individuals. We found that isometric MVC 
at the elbow increased by 45±5% in the two able bodied individuals, and by 30% in the SCI 
subject, at 60 minutes post-AIH. This increase in strength correlated with increased activation of 
biceps brachii. Average RMS value increased from 198±11uV to 350±3uV, and from 351uV to 
392uV following AIH, in the healthy subjects and SCI patient, respectively. Sham AIH resulted 
in no change. In the second set of pilot experiments, we are quantifying the time-course of 
outcome improvement and decay following a single session of AIH on grip and pinch strength. A 
baseline assessment was made before administration of AIH, immediately after AIH, and every 
30 minutes for up to 5 hours in three individuals with SCI. We found that the mean grip strength 
increased by 26±4% at 60 minutes post AIH, and the effect of AIH persisted for up to 3 hours. In 
comparison, there was a 5±3% change after normoxia in the same individuals after sham AIH. 



These preliminary observations demonstrate the potential of AIH to enhance motor strength and 
upper limb function in persons with chronic incomplete SCI. 
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Abstract: Introduction: The overall goal of this study is to prepare intraspinal microstimulation 
(ISMS) for testing in humans. ISMS is an electrical stimulation method developed in our lab for 
restoring standing and walking after spinal cord injury. It involves the implantation of arrays of 
penetrating electrodes in the lumbosacral spinal cord and the passing of minute electrical 
currents to activate networks of motoneuronal pools that evoke coordinated leg movements. 
Results from animal studies suggested that ISMS may produce better functional outcomes than 
clinically available interventions, and justified its translation to humans. The functional 
organization of the motoneuronal networks targeted by ISMS is well studied in cats; however, it 
is not directly known for humans. Yet, this information is necessary in order to translate ISMS 
from cats to humans. Therefore, as an intermediate step, this study focused on mapping the ISMS 
targets in non-human primates. 



Methods and Results: Experiments were conducted in three rhesus monkeys under 
pentobarbital anesthesia. A laminectomy was performed to expose the lumbosacral enlargement, 
and the ventral horns were mapped by stimulation through a microelectrode. The stimulation 
parameters were: 50 Hz frequency, 0.5s long pulse trains, 200µs pulse width and amplitudes 
ranging from 10µA to 100µA. The electrode was mounted in a micromanipulator and moved in 
steps of 0.5mm, 0.5mm and 2mm, in the mediolateral, dorsoventral and rostrocaudal directions, 
respectively. The animal’s leg ipsilateral to the side of spinal cord stimulation was suspended to 
allow visualization of the evoked movements. At each location, leg movement and stimulation 
threshold were documented and at selected locations, kinematics, force and EMG signals were 
also recorded. In three animals, a total of 117, 218 and 112 locations were stimulated in a 35.3 ± 
1.2 mm long region of the lumbosacral enlargement. Of those, 43.4 ± 5.1% resulted in movement 
production. The majority of these responses had stimulation thresholds ≤10µA. The functional 
organization of the motoneuronal pools obtained in these experiments was consistent between 
animals and similar to that of cats. 
Conclusions: The overall functional organization of the ISMS targets is similar in the lumbar 
spinal cords of cats and rhesus monkeys. Therefore, we anticipate that the functional map in 
humans will be similar to that of the monkeys and cats. These findings will guide the target 
locations for the first exploratory testing of ISMS in humans. 
Acknowledgements: We thank Dr. C. Hofstetter, R. Robinson, S. Seeman, R. Gramlich, T. 
Libey and the Washington Natl. Primate Res. Ctr. staff for their assistance. 
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Abstract: Previous findings demonstrated that epidural stimulation over the lumbosacral spinal 
cord can activate the spinal neural networks in individuals with severe spinal cord injury (SCI), 
and facilitate standing. Given that one of the results using epidural stimulation was recovery of 
standing, the overall objective of this study was to determine the effects of painless 
transcutaneous electrical spinal cord stimulation, or painless enabling motor control (pcEmc) 
combined with motor task-specific therapeutic activity during standing on the 
neurophysiological, clinical, and functional outcomes in individuals with a severe SCI. Thus far, 
we evaluated the acute and cumulated effects of pcEmc and standing in five participants with 
chronic motor and sensory complete SCI. Without spinal cord stimulation, full assistance during 
standing was required in all participants. In fact, they were able to maintain upright posture only 
because of the trainers’ assistance at the knees and hips, and because of extensive bearing on 
their arms. The combination of stimulation features most critical for facilitating effective 
standing with pcEmc were: a) both distal and proximal leg muscles must be activated, with 
predominant activation of extensors; b) the stimulation intensity should be sufficient to evoke 
motor threshold responses in non-weight-bearing condition; c) frequencies between 10 to 20 Hz 
should be used. These features of pcEmc applied at multiple low thoracic and lumbosacral levels 
required the least amount of assistance to support the participants. Some periods of self-
generated standing occurred within the first training session. Three participants regained the 
ability to stand in the presence of stimulation, without assistance applied to the knees or hips 
while there was only light contact with the finger tip on a handlebar. In summary, our results 
demonstrate the feasibility and effectiveness of transcutaneous electrical spinal cord stimulation 
as a means to regain dynamic standing ability even after complete paralysis. As with the invasive 
epidural stimulation approach, there can be an effective reawakening of relatively dormant spinal 
networks that can relearn how to stand. Such non-invasive intervention could be a viable clinical 
approach for functional recovery after paralysis of different severity among a broad SCI 
population. 
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Abstract: Neural circuitry generating rhythm and pattern components of locomotion is located 
in the thoracolumbar spinal cord. Although this locomotor circuitry is not fully understood, most 
spinal cord injury (SCI) occurs above it so it may be harnessed for improving motor function 
after SCI. The SCI-induced loss of voluntary control is likely due to both a reduction in 
descending controls and spinal plasticity, involving alterations in network excitability and/or 
defects in neural processing. Locomotor rhythm generating interneurons (INs) are an obvious 
entry point for studying SCI and treatment. However, there is little information regarding the 
effects of SCI on these neurons or their connections, both afferent and efferent. Elucidating the 
alterations to these funtional circuits, following SCI, will enhance our understanding of the 
beneficial as well as the maladaptive plasticity that occurs in the spinal cord. The resultant 
insights will provide pathways for a more targeted and refined approach to treatment. The main 
objective of the present study is to identify targets for enhancing locomotor function, focusing on 
Shox2 rhythm generating INs. Complete thoracic spinal transections were performed on adult 
Shox2cre;Rosa26tdTomato mice. Whole cell patch clamp recordings targeted Shox2 INs in 
spinal slices from uninjured and chronic SCI adult mice. Shox2 INs displayed a wide reportoire 
of firing properties which can be linked to underlying voltage-gated currents. There were no 
major differences in excitability properties between control and SCI Shox2 INs. A fraction of 
Shox2 INs from both uninjured and SCI mice showed plateau properties, persistant inward 
currents, and displayed spontaneous bursting properties which were enhanced in the presence of 
serotonin. Additionally, a subset of Shox2 INs displayed monosynaptic excitatory postsynaptic 
potentials in response to low threshold afferent fiber stimulation. Current focus is on how the 
fidelity of afferent-evoked responses in Shox2 INs changes post-injury. In summary, the intrinsic 
properties of adult Shox2 INs are relatively resilient to SCI-induced plasticity, leaving them as 
robust targets for post-injury therapies. 
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Abstract: Incomplete spinal cord injury (iSCI) disrupts spinal neural pathways that contribute to 
sensorimotor deficits in the lower limb. In persons with iSCI, the resulting impairments decrease 
functional walking ability as their foot trajectory is often irregular, jerky, and variable from step-
to-step. Gait variability is a relevant marker of gait instability (e.g., fall risk) and cortical control 
given the inverse association between variability and stability during walking. Therefore, we 
propose that evaluating the variability in endpoint foot kinematics during overground walking 
may elucidate the relationship between endpoint variability and walking recovery in persons with 
chronic iSCI. 
The purpose of this study was to evaluate the effect of cadence and auditory cues on endpoint 
variability in persons with chronic iSCI during overground walking as compared to age-matched 
able-bodied (AB) persons with and without assistive device (AD). We hypothesized that persons 
with iSCI will exhibit greater variability in step-to-step endpoint foot-trajectory, as well as, 
greater endpoint variability with decreasing cadence as compared to AB during overground 
walking. To test our hypotheses, chronic iSCI participants and their age-matched AB controls 
were asked to walk at self-selected (SS), cadence-matched self-selected (SSmet), and fast 
cadence (Fmet) using an audible metronome. AB participants also walked at iSCI-matched 
cadences with AD. We measured kinematics of overground walking using motion analyses. We 
quantified variability of endpoint foot-trajectory during overground walking by computing the 
mean spatial density of metatarsophalangeal (MTP) marker in the sagittal plane during swing 
phase of gait. 
Consistent with our hypotheses, we observed that the spatial path of the MTP in persons with 
iSCI was more variable than matched AB subjects at all cadences (SS, SSmet, Fmet). We also 
found that endpoint variability decreased at faster cadences in iSCI participants. However, the 
use of a metronome reduced variability, suggesting that walking variability can be regulated by 
walking cadence and auditory cues in persons with iSCI. Furthermore, in AB participants we 



observed that walking with AD resulted in greater endpoint variability compared to no AD. 
These preliminary results suggest that training persons with iSCI subjects to walk at faster 
cadences or with auditory cues may improve gait stability by reducing endpoint gait variability 
and subsequently lead to improved walking ability after iSCI. 
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Abstract: Background: Electrical stimulation of the spinal cord has emerged as a possible 
therapeutic to restore volitional motor control. However, the mechanisms by which stimulation 
restores function are not well-understood. To this end, we previously established a large animal 
swine model of spinal cord stimulation to allow development of stimulation technologies that 
can be rapidly translated to the clinic. However, there still remains lack of information on the 
variability of spine and spinal cord anatomy for this model. Additionally, to date, no correlation 
has been established for the relative locations of anatomical structures for successful 
implementation of this large animal model for spinal cord neuromodulation. 
Methods: Adult white swine were used for this work. MRI and CT scans were performed on 
live, anesthetized animals. Image fusion was performed manually using anatomical landmarks 
within both CT and MR images. Next, anatomical measurements were performed as follows: (1) 
landmarks were established along the facet joints, transverse processes, anterior and posterior 
portions of the vertebral laminas, as well as dorsal spinal cord rootlets, (2) distances between 
these landmarks were measured, and (3) dimensions were arithmetically compared and averaged 



across subjects. To reduce variability, three operators conducted anatomical measurements of 
vertebras, dorsal roots, rootlets and spinal cord diameter at each spinal level. Finally, histological 
sections in transverse plane of the spinal cord were carried out and were correlated to the 
appropriate spinal segment. 
Results: Spine and spinal cord anatomy varied across animals. Ratios for vertebral bone size, 
segment length and distances within spine and spinal cord landmarks were established for 
appropriate navigation within the pig lumbar spine when compared to empirical navigation. 
Observed correlations between vertebra length, spinal segment length, and rootlets entry, allows 
location of spinal cord segments based on bone landmarks. Correlation between histological data 
and imaging scans with anatomical landmarks and dimensions provides a single high-resolution 
coordinate system across tested animals. 
Conclusions: This work represents our first attempt to establish precise anatomy of swine spine 
and spinal cord that will allow target selection based on anatomical structures and will provide 
precise stereotactic delivery of electrodes for targeted electrical investigation of spinal structures. 
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Abstract: Recent studies have shown that motor learning is accompanied by enhancement of 
synaptic strength and synaptogenesis in the sensorimotor cortex. Functional reorganization of 
local circuit activity in primary somatosensory (S1) and primary motor (M1) cortices is believed 
to support changes associated with motor learning. While characterization of functional changes 
at distinct cortical layers (e.g. layers II/III and V) is focus of extensive studies, an investigation 
that links these changes with synaptic molecular machinery has been elusive. In this study, I 
investigated the time-dependent relationship between the learning and consolidation of a motor 
task and the expression of protein kinase M zeta (PKMζ) and postsynaptic density protein 95 



(PSD-95), two molecular factors key for synaptic plasticity and remodeling, in layers II/III and V 
of the sensorimotor cortex. 
My results showed that PKMζ expression level increased significantly on layer II/III of S1 and 
layers II/III and layer V of M1 during late stages of a skilled reaching task and sustained to be 
higher with extended training. In contrast, PSD-95 showed an increased level of clustering size 
in M1 layer V during the early stages of learning that was not sustained with extended training. 
My studies suggest that the increase of PKMζ may participate in the long-term storage of well-
learned motor skills, whereas the PSD-95 dependent structural modification of synapses may 
mainly contribute to the acquisition of new motor skills. 
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Abstract: Spinal motoneurons (MNs) received direct inputs from Ia fibers, however, not from 
corticospinal (CS) axons in adult rodents. In this study, we succeed in making transverse slice of 
spinal cord in good health from 2nd to 4th weeks rodents and found the monosynaptic 
connections from putative Ia afferent and CS axons to MN by the stimulation of the dorsal 
column. Using cervical cord slices prepared from rodent 2nd weeks after birth, a stimulating 
electrode was placed in the ventralmost part or in the middle part of the dorsal column where the 
CS tract (CST) or putative Ia afferents are located (Yoshida et al. 2006) respectively. Whole cell 
recordings were made from two groups of MNs retrogradely labelled with fluorescent cholera 
toxin B subunit injected into forelimb muscles or pectralis major muscle. When we recorded 
responses with fixed latencies and same time course in ACSF containing high concentrations of 
divalent cations (7 mM Ca2+, 3 mM Mg2+), we judged those responses to be monosynaptic 
EPSCs. To more selectively stimulate CS axons we employed optogenetic stimulation by 



injecting an adeno-associated virus vector encoding channelrhodopsin-2 (ChR2) into the 
sensorimotor cortex on P0 animals. After recording we observed close contacts between CS 
axons and MNs with a confocal microscope. Monosynaptic EPSCs were recorded from forelimb 
MNs by stimulation of the CST or the middle part of the dorsal column. The latency of putative 
Ia afferents-evoked monosynaptic EPSCs was 2.7 ± 0.2 ms, which is in good agreement with 
previous reports. This latency was significantly shorter (about half) than the CST-evoked 
monosynaptic EPSCs (4.9 ± 0.2 ms). The amplitude of Ia-evoked EPSCs was larger than CST-
evoked EPSCs. These Ia-induced EPSCs showed significantly clearer paired-pulse depression 
than CST-induced EPSCs. Thus the electrode placed in middle part of the dorsal column 
stimulated Ia afferent axons. Any monosynaptic EPSCs were not recorded from pectralis major 
MNs by stimulation of the CST, but EPSC frequencies increased by repetitive (10 ms interval, 
10 times) stimulation in normal ACSF. Pectralis major MNs received direct input from Ia 
afferent fibers, however, received only polysynaptic inputs from CS axons. Optogenetic 
stimulation evoked monosynaptic EPSCs in forelimb MNs. We showed close contacts between 
these forelimb MNs and CS axons labelled with the ChR2 (9.4 ± 4.2 per MN). Almost half of 
these contacts (55.3%) colocalized with PSD-95 in their partner dendrites. It is intriguing that 
these results are analogous to the connection pattern seen in adult primates. We found the 
connection with putative Ia afferent and spinal neuron in rodent > 4th weeks after birth. 
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Abstract: Our previous investigations in a mouse model of Amyotrophic Lateral Sclerosis 
(ALS) found differences related to action potentials and axon initial segments (AIS) at symptom 



onset (Jørgensen et al 2015 SFN abstract). How mouse motoneurones age normally however, is 
unknown. Therefore, we conducted a series of experiments in male C57BL/6J mice at 100, 300-
400 and 600-750 days old. Rotorod scores significantly declined with age (P<0.0001, n= 41 
mice), confirming a decline in motor function. Intracellular recording was then performed in 18 
mice (6 at 100 days old, 6 at 300-400 days old and 6 at 600-750 days old). Somatic action 
potentials had significantly lower amplitudes in 600-750 day old mice compared to 100 day old 
mice (P<0.0001). Consistent with this, we observed a significantly reduced rate of rise of 
somatic action potentials in 600-750 day old mice (P<0.005). The rate of fall was also 
significantly slower in 600-750 day old mice compared to 100 day old mice (P<0.005). 
Consequently, the action potential width at 2/3 amplitude was significantly wider in 600-750 day 
old mice than both the 100 and 300-400 day old mice. The rate of rise of the IS component of 
action potentials was not significantly different at any age. Post-spike after-hyperpolarization 
(AHP) amplitudes were significantly larger at 300-400 days compared to 100 days (P<0.05) but 
not significantly so at 600-750 days. Compared to 100 day old mice, AHP durations were 
significantly shorter at 300-400 days old (P<0.05) but returned to the 100 day old levels at 600-
750 days old. These changes appeared not to influence the current-frequency slopes which were 
not significantly different between groups. Immunohistochemistry was performed on 6 mice at 
300-400 days old and 7 at 600-750 days to label AISs and motoneurones with antibodies against 
Ankyrin G and ChAT respectively. AISs were slightly shorter (approx. 4 %, P<0.05) and wider 
(12%, P<0.0001) in the aged mice. In four 600-750 day old mice the nodes of Ranvier of motor 
axons in the ventral roots were labeled with antibodies against KV1.2, Caspr and voltage-gated 
sodium channels. In these mice a clear breakdown of the juxtaparanode-paranodal boundary was 
evident compared with 4 younger mice. Conclusions: While the changes in AHPs mirror that 
which has been observed in humans with ALS and our recordings in mouse ALS models, the 
changes related to amplitude/rate of rise of action potentials, and structural changes at the AIS 
however are directly opposite to what we have observed in symptomatic ALS mice. Our results 
therefore suggest that changes related to sodium channels that we previously observed at disease 
onset in ALS mice do not represent a normal or accelerated aging. 
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Abstract: Acute intermittent hypoxia (AIH) produces a robust increase in inspiratory motor 
output that continues after cessation of the hypoxia. Although referred to as respiratory long-term 
facilitation (LTF), this AIH-induced neural plasticity is not limited to respiratory motor outputs 
and may have widespread effects on somatic motor systems. The aim of the present study was to 
assess the effect of AIH on the monosynaptic H-reflex, an electrophysiological correlate of the 
myotactic stretch reflex, with particular focus on possible changes in H-reflex rate-dependent 
depression (RDD). Experiments were conducted on urethane-anesthetized (1.4 g/kg), 
spontaneously breathing adult female Sprague Dawley rats (250-300g). The left hind limb was 
secured with the ankle in a flexed position and platinum needle electrodes were inserted 
percutaneously along the medial aspect of the distal Achilles tendon (2-3 mm separation) for 
stimulation of the posterior branch of the tibial nerve. H-reflex EMG responses were recorded 
using fine stainless steel wires inserted into the dorsal metatarsal region (active electrode) and 
the tip of the fifth digit (reference electrode) of the ipsilateral hind paw. To elicit the H-reflex, 
the tibial nerve was stimulated throughout the experiment using trains of 15 stimuli (0.2 ms pulse 
duration; 2-3x H-reflex threshold; 10 Hz) delivered every 50 seconds (0.02 Hz). H-reflex RDD 
was estimated within each stimulus train by calculating the ratio of H-reflex amplitudes (15th 
response (10 Hz) / 1st response (0.02 Hz)). Diaphragm EMG activity was simultaneously 
acquired to assess AIH-induced respiratory LTF. Following at least 30 minutes of baseline 
recording, rats were exposed to a single bout AIH protocol consisting of three five-minute 
episodes of hypoxia (10% O2; 90% N2) separated by five-minute exposures to room air after 
which data acquisition continued for at least 90 minutes. Prior to AIH, rats exhibited H-reflex 
RDD of 30 - 70% (i.e., amplitude ratio 0.7 - 0.3, respectively). Following AIH, up to a 30% 
reduction in H-reflex RDD was detected, and this reduction persisted for up to 90 minutes. The 
reduced H-reflex RDD following AIH was due to less H-reflex amplitude depression at 10Hz, 
and no change in H-reflex amplitude at 0.02 Hz was observed. These results indicate that AIH 
exposure can enhance active monosynaptic spinal segmental reflexes and thereby contribute to 
AIH-induced motor plasticity. 
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Abstract: Alfaxalone is widely used in veterinary anaesthesia; however, neuromotor excitation 
during anaesthesia limits its use in laboratory rodents. Prior work has shown that alfaxalone 
suppresses inhibitory synaptic transmission to hypoglossal motoneurons (HMNs) via activation 
of cannabinoid receptor-1 (CBR-1) and transient receptor potential (TRP) channels. However, the 
effect of alfaxalone on excitatory synaptic transmission has not been established. We evaluated 
effects of alfaxalone on excitatory neurotransmission to HMNs and the presence of TRPM4 
channels and CBR-1 receptors by immunohistochemical localization. Whole-cell patch-clamp 
recordings were made from HMNs in 300µm-thick transverse brainstem slices from 7-14 days-
old Wistar rats after sodium pentobarbitone anaesthesia. Spontaneous excitatory postsynaptic 
currents (EPSCs) were recorded as inward currents at holding potential of -60mV using CsCl-
based internal solution and in the presence of strychnine-HCl (20µM). Alfaxalone was bath 
applied at 3µM concentration. Alfaxalone failed to significantly alter the spontaneous EPSC 
frequency, amplitude, half-width and rise-time. Immunohistochemical studies showed that both 
TRPM4 channel and CBR-1 receptor proteins are widely expressed on HMNs, confirming the 
modulation of inhibitory transmission to HMNs. Our results suggest that alfaxalone produces 
hyperactivity of motor neurons by reducing inhibitory but not excitatory transmission. The 
failure of alfaxalone to modulate excitatory neurotransmission and the presence of TRPM4 and 
CBR-1 proteins on HMNs indicate that alfaxalone-induced hyperactivity and hence, neuromotor 
excitation during anaesthesia, is primarily governed by its effect on inhibitory transmission, 
which can possibly be reduced by TRPM4 and CBR-1 antagonists. 
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Abstract: Caffeine is a known non-selective adenosine receptor antagonist whose actions 
include multiple sites within the brain, mostly by binding to adenosine A1 and A2A receptors 
(A1R and A2AR). It produces similar behavioral effects as other classical psychostimulants 
including increased motor activation, arousal, and having reinforcing effects related to indirect 
dopaminergic mechanisms that depend on heteromerization of A1R and A2AR receptors with 
dopamine D1 and D2 receptors (D1R and D2R) in the striatum, respectively. We recently 
performed extracellular recordings of ventral nerves from the lumbar cord of mice in the 
presence of serotonin (5-HT), NMDA and dopamine (DA), which are known to elicit locomotor 
activity in mammals, and showed that caffeine stimulates motor activity by blocking A1R, by 
potentiating the ability of dopamine to activate D1R. Also, perforated patch clamp recordings in 
lumbar cord slices showed that the effects of caffeine are specifically targeted at modulating the 
intrinsic membrane properties of spinal lateral motoneurons (MNs). We then investigated if these 
properties of caffeine depended on the existence of A1R-D1R heteromers within spinal MNs. 
Thus, we proceeded to assess the presence of A1R-D1R complexes within spinal lateral MNs 



using electrophysiological and histological techniques. Basal concentrations of DA or NMDA 
perfusion in the presence of synaptic blockers of inhibitory and excitatory neurotransmission 
depolarized the membrane potential of most MNs reversibly. The addition of caffeine, in the 
presence of DA or NMDA, significantly depolarized the membrane potential, decreased the 
action potential after-hyperpolarization (AHP) and increased the firing frequency by 90% of the 
recorded MNs. Also, we were able to support our theory that caffeine exerts its neuromodulatory 
effects on the spinal lateral MNs via A1R-D1R heteromers when the perfusion of an A1R 
agonist before a D1R agonist completely blocked the modulatory effects of the D1R agonist. 
Finally, potential A1R-D1R heteromer in MNs were localized anatomically through 
immunohistochemistry and with the use of a proximity ligation assay using antibodies directed 
toward the A1R and the D1R. Our experiments suggest that the primary target for the 
neuromodulatory effects of caffeine in the lumbar region of the spinal cord are the lateral MNs 
and that the excitatory effects produced by caffeine onto this neuronal population is dependent 
on A1R-D1R heteromers. 
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Abstract: The ability to perform movements with variable intensities allows animals to interact 
properly with the surrounding environment. Movement intensities are governed by activation of 
different types of motor neurons and muscles. Although many studies have been done on the 
recruitment pattern of motor neurons and muscles when generating forces of different amplitudes 
and speeds, there is a lack of systematic examination of synaptic properties at the neuromuscular 
junction between different types of motor neurons and muscles. In larval zebrafish, axial motor 
neurons in the spinal cord are arranged with a dorsoventral gradient. Ventrally located, smaller 
and more excitable motor neurons are activated during slow swimming, while dorsally located, 
larger and less excitable motor neurons are only recruited at fast swimming or escape. Compared 
to recruitment patterns during swimming, less is known about how the activity pattern of these 
motor neurons is translated into muscle contraction. More specifically, is there also a systematic 
difference in synaptic strength and plasticity for outputs of different motor neurons? 
We performed whole cell patch recordings on connected motor neuron and skeletal muscle cell 
pairs to examine end plate currents (EPCs) elicited by firing the motor neuron. We found that 
when firing the motor neuron at low frequencies, EPCs elicited by secondary motor neurons 
(SMNs) in either fast or slow muscles were less reliable, as well as smaller and more variable in 
amplitude compared with primary motor neuron (PMN) elicited EPCs in fast muscles. The larger 
SMN EPCs were sufficient to elicit an action potential in the fast muscle but smaller ones were 
subthreshold. In response to firing the SMN at high frequencies, a potentiation in EPC amplitude 
was seen during the high frequency firing and persisted for several seconds to a couple minutes 
after switching to low frequency firing. This short term plasticity was different from PMNs, 
where EPCs showed an initial depression in response to high frequency PMN firing. The 
differences in amplitude, variability, and plasticity of SMN and PMN outputs were further 
confirmed by using high-speed video recording to examine muscle contraction elicited by firing 
a single motor neuron. The kinetics of potentiation during high frequency motor neuron firing 
was modified by internal EGTA concentrations, suggesting a calcium dependent process. Our 
findings suggest a significant difference in motor output from motor neurons that were 
previously demonstrated to be involved in swimming at different intensities and reveal the 
importance of synaptic transmission properties at the neuromuscular junction in motor control. 
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Abstract: Motoneurons (MNs) are referred to as the ‘final common pathway’ because they 
represent the final arbitrers of the neuro-motor transformation. They perform this task by 
integrating the information from incoming inputs into trains of action potentials, thus their 
passive and active membrane properties, also referred to as intrinsic excitability, constitute a 
central component of this neuro-motor transformation. The voltage threshold of spinal MNs in 
particular appears to be preferentially targeted in regulating their output. Indeed, it is modulated 
acutely during fictive locomotion but also persistently after physical training, operant 
conditioning, weight bearing, and spinalization. Recently, the inhibition of KCNQ/Kv7 channels 
has been shown to modulate the voltage threshold of hippocampal and cortical neurons. These 
channels form a slow non-inactivating K+ current, also known as the M-current, which activates 
in the sub-threshold range of membrane potentials and regulates different aspects of neuronal 
excitability. These channels may be important modulators of excitability in MNs as well. A 
mutation in the KCNQ2 channel subunit has initially been implicated in myokymia, a form of 
involuntary, repetitive muscle contraction, resulting from the hyper-activity of the motor units. 
Electrophysiological recordings have confirmed the presence of a slow, non-inactivating, K+ 
current sensitive to both muscarinic receptor-mediated inhibition and KCNQ/Kv7 channel 
blockers in turtle MNs, and immunohistochemical studies have also confirmed the presence of 
KCNQ2 channel subunits in the somata, axonal initial segment and nodes of Ranvier of rat MNs. 
Finally, recordings from rat sciatic nerves demonstrated that KCNQ/Kv7 channels underlie the 
slow K+ current at nodes of Ranvier and affect axonal conduction velocity. Although these initial 
findings highlighted the importance of KCNQ/Kv7 channels in spinal MNs, the function that 
these channels play in the neuro-motor transformation, and in the regulation of MN voltage 
threshold is unclear. To increase our understanding of the function of KCNQ/Kv7 channels in 
regulating the intrinsic excitability of spinal MNs, we have investigated the impact of modulators 
of KCNQ/Kv7 channels in spinal MNs whole-cell patch-clamp recordings obtained from acute 
neonatal mouse spinal cord slices. Using a combination of electrophysiological recordings and 
computational modelling, we demonstrate that KCNQ/Kv7 channel modulators contribute to the 
alteration of the axosomatic spinal MN excitability, even though the up- and down-modulation of 
their activity has non-reciprocal effects. 
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Abstract: Many researchers have investigated the anatomical organization of the motor neurons 
which control behavioral output in mammals using various techniques. However, the anatomical 
distribution of motor neurons in the avian brain is still not fully elucidated. The purpose of this 
study was to finely determine the localization of the neurons innervating the triceps brachii 
muscle in the pigeon. The study was carried out in a total of 6 pigeons. The cholera toxin B 
subunit (CTB) was employed as a retrograde tracer to determine the location of the neurons of 
the triceps brachii muscle in the telencephalon of the pigeon following intramuscular injection. 
The animals were sacrificed at 14 days after intramuscular injection with CTB. We found that 
labelled neurons with CTB were located contralaterally in the nucleus basalis of the frontal 
telencephalon. This study shows that CTB is easily taken up by nerve terminals which are 
located in the triceps brachii muscle of the pigeon and motor neurons in the contralateral nucleus 
basalis may be closely associated with the movement of triceps brachii muscle. 
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Abstract: Background: Most cases of amyotrophic lateral sclerosis (ALS) are sporadic, but 5% 
to 10% are familial (FALS). Recent reports demonstrated that more than 10% of patients with 
sporadic ALS (SALS) have mutations in genes causative for FALS, suggesting a genetic-based 
pathomechanism in such cases. Mutations in the VCP gene encoding valosin-containing protein 
(VCP) cause inclusion body myopathy with Paget’s disease of the bone and frontotemporal 
dementia (IBMPFD) and ALS. A recent study from China failed to identify any mutations in this 
gene in 324 patients with SALS. Methods: We sequenced the VCP gene in 90 Japanese patients 
with SALS. We constructed plasmid vectors expressing GFP-fused wild-type and mutant VCP, 
transiently transfected them separately in neuroblastoma SH-SY5Y cells, and treated the cells 
with an oxidative stress inducer, l-buthionine sulfoximine (BSO). BSO is an inhibitor of 
synthesis of the free-radical scavenger glutathione. Results: We found a novel VCP mutation, 
p.Arg487His in a patient (patient 1). He had progressive bulbar signs and weakness with severe 
amyotrophy of all four limbs from the age of 61 yr. Deep tendon reflexes were diminished, but 
extensor plantar reflexes were present. He required a percutaneous endoscopic gastrostomy 
(PEG) tube and artificial ventilation through a tracheostomy tube at the age of 66. Higher 
functions and personality were apparently normal until the age of 69. His personality was mildly 
changed with decreased attention after the age of 70. He had an elder brother (patient 2) with 
dementia, which was later found to be frontotemporal dementia with parkinsonism. 
Parkinsonism is occasionally found in patients with VCP mutations. Unfortunately, he had 
already died, and no DNA or further detailed clinical information was available. Fibroblasts from 
patient 1 was susceptible to BSO-induced oxidative stress. Transient expression of the newly 
identified mutant as well as of known mutants also rendered SH-SY5Y neuroblastoma cells 
vulnerable to oxidative stress. 
Discussion and Conclusion: The presence of the mutation in the Japanese population extends the 
geographic region for involvement of the VCP gene in sporadic ALS to East Asia. In addition, 



our findings suggest the involvement of oxidative stress in the pathomechanism of VCP-related 
ALS. 
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Abstract: Norepinephrine (NE), a neuromodulator found throughout the CNS, acts by altering 
target neuron excitability and synaptic plasticity. Activity in the locus coeruleus (LC), a major 
source of NE in the brain, is associated with alertness, attention, and memory processing. 
Zebrafish are an ideal model organism in which to study the role of the LC in physiology and 
pathology due to the ease of creating transgenic models, transparency in the larval stage, and 
small size of the LC nucleus. Using a Tg:ET-VMAT GFP line confirmed by antibody staining, 
we examined zebrafish larvae at 5 days post fertilization using 2PEF microscopy. In agreement 
with previous studies, LC neuron cell counts ranged between 10 and 20 bilaterally, with a mean 
of 15. This variation–as much as 100%– is not unique to zebrafish. 
To study the correlation between LC number and neurite projections, we performed single-cell 
electroporations in the Tg:ET-VMAT GFP line. Using 3-D Sholl analysis, we found no 
systematic differences in projection density proximal to the soma of individual neurons between 
fish with few and many LC neurons. 
To explore whether neurite density in target areas distal to the soma is correlated with LC neuron 
count, we used CRISPR/Cas9-mediated knock-in to create a transgenic line (NET:mCFP) with a 
membrane-targeted CFP under the endogenous NE transporter (NET) promoter, allowing us to 
reveal all NE projections with high fidelity. We examined the optic tectum and the spinal cord 
since NE projections in these areas are predominantly from the LC. We found a positive 
correlation (n = 5 fish) between LC number and neurite density. 



We investigated the activity of LC neurons by creating a transgenic line expressing nuclear 
localized GCamp6f (NET: H2B-GCamp6f). To achieve high-speed bilateral imaging of neuronal 
activity, we custom-built a high-speed light sheet microscope (based on Ahrens et al., 2013) that 
allowed for whole brain imaging at several brains a second. We imaged spontaneous activity in 
the LC neurons in intact larvae as well as ones with hindbrain spinal-projecting neurons 
backfilled with Calcium Green dextran to allow correlation of LC activity with activity of 
identified descending neuronal populations. Correlated activity was observed between LC 
neurons and cells associated with swimming behavior including putative MiV2 and 3 neurons as 
well as neurons in the nucleus of the MLF. The average activity of individual neurons in the LC 
was negatively correlated with LC neuron count (n = 9 fish). These findings suggest that fish 
with fewer LC neurons may maintain physiological NE levels at lower projection density by a 
compensatory increase in the activity of individual cells. 
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Abstract: Learning involves brain-wide transformation of operation dynamics. However, our 
understandings of basic principles governing learning-dependent changes in macroscopic 
dynamics are poor. Here we chronically monitored cortex-wide activity of the mouse brain using 
wide-field calcium imaging while the mouse learned a motor task over two weeks. Distinct 
cortical modules were extracted from activity patterns using methods based on independent 
component analysis. Across these modules, we found that motor learning alters the speed, 
direction and robustness of the signal propagation. Over learning, activity of the cortical modules 
reached its peak faster and their sequential activity became temporally more compressed. 
Moreover, a second stream of activity flow emerged from anterior regions of the cortex during 
learning. Lastly, in activity space where each dimension corresponds to activity of individual 
cortical modules, trial-by-trial variability was reduced along behaviorally relevant axes after 
learning. These results reveal newly emergent properties of the macroscopic cortical dynamics 
during motor learning. 
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Abstract: Ischemic stroke causes major neurological deficits affecting millions of individuals 
worldwide each year. Neurorehabilitation is the primary therapeutic option for stroke recovery. 
During early recovery period (days to weeks) surviving peri-infarct tissue in cortex exhibits 
axonal sprouting and network reorganization. Axotomized neurons recovering from the recent 
loss of downstream targets could play a crucial role in guiding this network reorganization and 
re-establishing function with compensatory network architectures. Rapid intracellular injury 
signals such as early calcium waves and mitogen-activated protein kinase signalling effectors in 
axotomized cells may allow them to act as early responders. The potential for axotomized 



neurons to act at the leading edge of stroke recovery was probed using viral expression of 
GCaMP6s for network dynamics in premotor cortex and turbo-RFP for retrograde labeling of 
pre-motor cortex cells with axonal projections into targeted stroke site at forelimb M1 cortex. A 
photo-thrombic (PT) stroke model was used. Network function was assessed at baseline, +1, +7, 
and +21 days post-stroke using two-photon microscopy of calcium transients in mice performing 
a simple walk-left walk-right cued motor task. Preparatory motor coding of neural trajectories 
(Li et al., 2016) and the relative information content of axotomized vs non-axotomized cells was 
assessed. Analysis of this data is ongoing. 
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Abstract: The midbrain cephalomotor neurons in primate interstitial nucleus of Cajal convert 
pulse of neural discharge encoding head velocity to steady state response characterizing head 
position, hence serving as the neural integrator keeping the head steady in desired orientation. It 
is hypothesized that impairment in the neural integrator or its feedback might cause abnormal 
twisting, turning, and oscillations of the head characterizing a debilitating movement disorder 
called cervical dystonia. We tested this hypothesis by analyzing the single-unit activity of the eye 
only, head only, and eye-head neurons in midbrain Interstitial Nucleus of Cajal (INC) in 
response to eye and head movements during stereotaxic surgeries aimed to treat cervical 
dystonia. The control group, the eye only neurons, sustained their activity during eccentric 
vertical gaze holding. However, there was a rapid exponential decline in the discharge of the 
head only INC neurons, suggesting impairment in the neural integration of head movements. We 
then measured the activity of eye-head neurons, predicting that the deficit localized within the 



neural integrator will cause decay in the responses of eye-head neurons during eyes as well as 
head movements. On the contrary, if the impairment is in the head movement feedback, then the 
eye-head combined neurons will sustain activity during gaze holding, but the activity of the same 
neuron will decline during head holding. The results suggested impairment in head movement 
feedback. Our experiments, therefore, supported the hypothesis that impaired feedback, for 
example, cerebellar or basal ganglia manifest in dystonia by affecting the function of head neural 
integrator. 

Disclosures:  A.G. Shaikh: None. V. Popov: None. V. Shabalov: None. S. Ravea: None. H. 
Jinnah: None. A. Sedov: None. 

Poster 

628. Motor Neurons: Development, Identification, Intrinsic Properties, and Modulation 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 628.15/AAA17 

Topic: E.03. Basal Ganglia 

Support: Universidade Federal do ABC 

 Comissão de Aperfeiçoamento de Pessoal do Nível Superior (CAPES) 

 Fundação de Amparo a Pesquisa de São Paulo (FAPESP) 

Title: Catalepsy-induced typical and atypical antipsychotics is regulated by L-NOARG and Fos 
B expression 

Authors: *J. C. SILVA1, S. C. G. PRIETO1, E. A. DEL BEL2, M. B. ECHEVERRY1;  
1Univ. Federal Do ABC, Sao Bernardo Do Campo, Brazil; 2MEF-Physiology, Univ. de São 
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Abstract: Introduction: The Nitric Oxide (NO) is an atypical neurotransmitter synthesized from 
L-arginine by the nitric oxide synthase (NOS). The NO has been implicated in various neural 
process like synaptic plasticity, on modulating neurotransmitters, neurotoxicity and some gene 
expression, like fos family. Furthermore, the systemic administration of NOS inhibitors has 
shown similar motor effects to antipsychotics treatment. Therefore, the goal of this study was to 
investigate if the tolerance to the cataleptic effect induce by the NOS inhibitor is related to the 
FosB protein modulation. Methods: C57BL male mice (n = 5-8/group) The animals received L-
NOARG 15 mg/Kg on 1, 3 and 5 day 30 min before to haloperidol 1 mg/Kg, clozapine 20 
mg/Kg or olanzapine 15 mg/Kg administration. They were then challenged once per day for 5 
days with antipsychotics or vehicle. Behavioral test: Catalepsy test was evaluated 120 min after 



of antipsychotic administration. Immunohistochemistry: Was used the primary antibody FosB 
(1:1000 sc-7203, Santa Cruz Biotechnology). The striatum was divided into 4 quadrants for the 
analyze Dorsolateral (DL), Dorsomedial (DM), Ventrolateral (VL) and nuclei accumbens (NAc). 
The NAc quadrant was subdivide in Core and Shell region. Statistical analyses: The data were 
analyzed with ANOVA one-way or repetitive measures followed by Duncan’s post hoc test. 
Results: Subchronic treatment with both, antipsychotic and NOS inhibitor showed effect in the 
treatment, haloperidol [F(3,18)= 11.700; P = 0.002], olanzapine [F(3,18)= 7.160; P = 0.009] and 
clozapine group [F(3,18)= 25.146; P < 0.001], with decreased cataleptic effect on last day in 
atypical antipsychotics groups (P < 0.05). The olanzapine group presented an increase in FosB 
protein expression in the shell region [F(4,11)= 8.919; P = 0.003]. However, when was given in 
combination with NOS inhibitor increased FosB protein expression in all striatum (P < 0.05). On 
the other hand, with clozapine treatment was observed decreased expression in the dorso-lateral 
[F(3,11)= 94.420; P < 0.001] and dorso-medial striatum [F(3,11)= 32.931; P < 0.001]. But, 
subchronic treatment of clozapine with NOS inhibitor decreased the expression of FosB protein 
in all striatum (P < 0.05). Conclusions: The antipsychotics induced extrapyramidal symptoms 
regulating intracellular mechanism as a FosB protein expression in the striatal regions. In 
addition, a co-treatment with NOS inhibitor decreased the cataleptic effect induced by 
olanzapine or clozapine. Therefore, the Nitric Oxide could be an important regulator in the motor 
alterations produced by neuroleptics. 
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Abstract: Neural control of motor behavior arises from the mass action of neuron populations. 
While individual neuron activity can correlate with specific aspects of movement, a 
parsimonious theory of motor control may require unravelling the underlying system embodied 
by a population. For example, rotational dynamics during movement initiation have been 
observed in neural populations in motor cortex of nonhuman primates. Similarly, theoretical 
accounts suggest neural populations generating repetitive ongoing movements embody cyclical 
attractors. To determine the extent to which low-dimensional rotational dynamics persist in a less 
constrained, ongoing motor program, we investigated the dynamical structure of the neural 
population implementing the locomotion motor program in the pedal ganglion of Aplysia 
californica. We obtained multi-neuron datasets of the rhythmic motor program using large-scale 
optical recording with a fast voltage sensitive dye. We discovered that the sustained low-
dimensional, rotational dynamics of the locomotion motor program are directly implemented by 
a cyclical attractor network. 
We found that the neural population in the pedal ganglion met the necessary and sufficient 
conditions for a cyclical attractor. Evoking the locomotion program caused population activity to 
rapidly settle into a low-dimensional, slowly decaying periodic orbit. Repeatedly evoking the 
program within each animal caused the population activity to converge on the same low-
dimensional manifold. Periodic dynamics were highly consistent across animals, indicating that a 
common underlying dynamical system generated the heterogeneous spike patterns. Spontaneous 
perturbations of the population dynamics predominantly returned to the attractor. Finally, to 
show that the cyclical attractor manifold is the motor program, we were able to decode specific 
firing of the neck-projecting motor-neurons directly from the low-dimensional dynamics. 
Collectively, our results support the hypothesis that repetitive movement is directly generated by 
the neural implementation of a cyclical attractor. Inherent in these findings is the notion that 
population activity, and not specifics of single neuron firing, are key to motor control. Such 
discovery of the overlying principles governing the dynamics in neural systems may mark the 
beginning of a more global understanding of brain function. 
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Abstract: Introduction: The striatum, a fundamental component of the basal ganglia is the main 
structure compromised in Huntington's disease (HD). However, it is still unknown if 
degeneration in other brain regions could also contribute to the major motor signs in HD patients 
at the early stages of the disease. Objective: Analyze, using voxel based morphometry (VBM), 
if degeneration in areas other than the striatum are linked to the major motor impairments in HD 
patients. Method: Twenty-two incipient molecular diagnosed HD patients, and 22 control 
subjects matched by sex and age, participated in this study. Patients were evaluated with the 
Unified Huntington's Disease Rating Scale (UHDRS). Structural T1 magnetic resonance images 
were acquired on a 3T scanner and used to obtain the volume of gray matter of each participant. 
Results: VBM analysis showed a significant negative correlation between the left insula, the 
culmen of the right cerebellum, the right cerebellar dentate, the right posterior cerebellum and 
bilateral cingulate gyrus with the motor UHDRS scale. In addition, as expected, regions such as 
caudate, putamen, sensorimotor and premotor cortices also correlated significantly with the 
motor scale (Figure). Conclusion: These results show that the motor alterations at the beginning 
of Huntington's disease does not exclusively correlate with basal ganglia degeneration, but thee 
motor deficits also correlate with damage in other brain regions involved in the control of 
movement, such as the cerebellum. 
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Abstract: These experiments explore how auditory experience shapes the intrinsic physiology of 
premotor neurons during the developmental process of vocal learning in zebra finches. The 
learned vocalizations of songbirds are acquired over sensory and sensorimotor stages during 
development and require exposure to a tutor’s song pattern. The cortical premotor nucleus HVC 
(not an acronym) is critical to the encoding and production of learned vocalizations in that proper 
functioning of HVC is required for the acquisition of song during sensory learning and for the 
proper timing of the adult vocal pattern (Roberts et al. 2012, Long et al. 2010). It is known that 
the HVC undergoes network level physiological changes during development (Day et al. 2013) 
and that learning drives changes in synaptic turnover, density, and morphology (Roberts et al. 
2010, Peng et al. 2012), however it is unknown how the physiology of individual HVC neurons 
changes during learning and development. We have previously developed and tested kinetic 
models of adult HVC neurons and determined the role of several key ion channels in shaping 
their intrinsic physiology (Daou et al. 2013). This project explores how the intrinsic physiology 
of HVC neurons change over sensory and sensorimotor stages of learning in juvenile finches and 
explores the role that auditory experience has in shaping their intrinsic physiology. Using patch 
clamp electrophysiology, we recorded from distinct classes of HVC neurons across 
developmental learning stages and characterized the changes in their physiology. The results 
show changes in specific firing properties across stages of learning, such as a reduced rectifying 
response to hyperpolarizing currents in HVCX projection neurons in juveniles compared to 
adults. We then developed biomathematical models in order to better characterize the neurons’ 
physiology and predict changes in specific ion channel expression patterns. To explore whether 
learning was driving these changes in physiology, we performed patch clamp electrophysiology 
in the HVC of juvenile finches in a variety of tutor exposure conditions and compared their 
physiology to those who had normal tutor exposure. The results suggest that sensory learning 
does drive changes in the intrinsic physiology of HVC neurons. This would indicate that vocal 
motor encoding in songbirds not only requires changes in synaptic connectivity, but also changes 
in the intrinsic physiology of neurons through the alteration of ion channel expression patterns. 
These results give an improved understanding of the mechanisms of plasticity that the nervous 
system uses to encode new information or behaviors. 
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Abstract: Male zebra finches learn to sing by forming an auditory memory of song (listening to 
a tutor bird, typically its father) then using the memory as an internal reference to guide motor 
learning of a facsimile. In contrast, although female zebra finches form auditory memories of 
song, they don’t sing. This striking behavioral difference is reflected in differences in the 
structure of the neural song system. Nucleus HVC (proper name), which plays a central role in 
both auditory and motor learning in males, is larger in males than in non-singing females. One 
possibility is that the smaller female HVC supports auditory, but not motor, learning. We 
performed an electrophysiological study of the properties of neurons from the female HVC, 
using the whole-cell patch technique to determine which types of ion channels contribute to the 
electrical behavior of the neurons. Differences in shape and duration of action potentials between 
female and male HVC projecting neurons suggest a distinction among sodium and potassium 
channels in these cells. This analysis was facilitated by the use of mathematical modeling, as we 
have done in a prior study of male HVC neurons. The behavior and characteristics of the 
projection neurons and interneurons of the female HVC were compared with those of male HVC 
neurons, again using modeling to facilitate the comparison. Finally, the dynamic clamp 
technique, which allows one to apply a model ionic conductance to a real cell, was used to 
determine how the addition or subtraction of an ionic conductance can make the electrical 
activity of the female neurons more like those of the male. Overall, we find consistent 
differences between male and female HVC neurons, both in the magnitude of channel 
conductances and in their kinetics. 

Disclosures:  D. Flores: None. D. Shaughnessy: None. F. Johnson: None. R.L. Hyson: 
None. R. Bertram: None. 



Poster 

629. Bird Song: Vocal Performance and Motor Control 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 629.03/AAA22 

Topic: F.01. Neuroethology 

Support: NSF Grant IOS1456965 

Title: A brainstem efference copy model for the control of singing in zebra finch 

Authors: *D. GALVIS1, R. L. HYSON2, F. JOHNSON2, R. BERTRAM2;  
1Mathematics Dept., 2Program in Neurosci., Florida State Univ., Tallahassee, FL 

Abstract: The cortical nucleus HVC (proper name) is largely responsible for the neural control 
of the learned song in the male zebra finch. Our lab has previously shown that bilateral medial 
ablations of the HVC produce variations in the sequencing of syllables in a bird’s motif, while 
lateral ablations result in omitted syllables. These data suggest distinct roles for the medial and 
lateral portions of the HVC in the neural control of song. The centrality of the HVC in the timing 
of syllables was established earlier in studies showing that cooling the HVC uniformly stretched 
song syllable and gaps across multiple timescales (Long & Fee 2008). We present a 
computational neural network model that can account for the effects of medial and lateral 
ablations as well as the effects of temperature on patterned neural activity that controls song 
syllable timing and duration. A previous computational model assumed a role for brainstem 
feedback in the production of syllable sequencing while using synfire chains to control 
individual syllables (Gibb et al. 2009). We propose a modified brainstem efference copy model 
which explains medial and lateral ablations in terms of selective knockout of chains from within 
the medial HVC and lateral HVC representations of the network. “Medial ablation” within the 
model results in non-random atypical syllable sequences which can account for the transition 
patterns seen in the experimental data. “Lateral ablation” within the model results in syllable 
omissions and truncation of the song sequence. As with the experimental data, ablations within 
the model do not result in partial syllable production. This model unifies various theories 
regarding the role of HVC in the production of birdsong and is the first model that can explain 
the effects of targeted HVC ablations. 
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Abstract: Zebra finches (Taeniopygia guttata) exhibit a dramatic, binary sex difference in 
behavior. Males learn to produce a song, whereas female zebra finches do not. However, both 
sexes form auditory memories of songs, which are encoded in part by the cortical nucleus HVC 
(proper name). In males, HVC also directs the motor production of the learned song. For over 30 
years, the absence of singing by female zebra finches has been attributed to the smaller size of 
female HVC (Nottebohm & Arnold 1976) and, in particular, the apparent anatomical disconnect 
between HVC and the vocal-motor nucleus RA (robust nucleus of the arcopallium; Konishi & 
Akutagawa 1985, Williams & Nottebohm 1985). We revisited HVC connectivity in female zebra 
finches, applying newly developed surgical and visualization techniques. Dye injections into 
female HVC showed male-like connectivity, with efferent outputs from HVC to RA and Area X 
(of the avian striatum), as well as afferent inputs from NIf (nucleus interfacialis) and Uva 
(nucleus uvaeformis). Although female HVC is smaller than in males, the sexes share similar 
extrinsic HVC connectivity. Thus, the absence of singing by females is not due to the lack of an 
efferent connection from HVC to the vocal-motor nucleus RA. 
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Abstract: Abnormal accumulation of alpha-synuclein is a key finding in the brains of 
individuals with Parkinson’s Disease (PD). Rodent models have been developed to examine how 
alpha-synuclein protein expression is related to limb motor symptoms of PD through the use of 
transgenic mice and Adeno-Associated Viruses (AAV) targeted at dopaminergic pathways in 
rodents. Emerging evidence from these rodent models indicates that vocal changes precede the 
limb motor symptoms and could potentially be used for an earlier diagnosis of PD. These 
models, however, rely upon interpretation of vocal signals whose underlying neural circuits are 
not well-characterized. By contrast, the zebra finch (Taeniopygia guttata) songbird model has 
identified brain nuclei dedicated to vocal learning and on-going song maintenance. Experimental 
manipulations in these vocal control regions can be directly correlated with changes in song. To 
understand the role of alpha-synuclein in birdsong and to establish a model for the Parkinsonian 
vocal deficits, we characterized baseline levels of alpha-synuclein across non-singing and social-
context dependent singing states, i.e. when an adult male sings alone (undirected song-UD) 
versus to a female (directed song-FD). Western blot analysis showed down-regulation in singing 
birds of alpha-synuclein protein in Area X, a song-dedicated sub-region of the basal ganglia. To 
establish the zebra finch as a genetic PD model, an alpha-synuclein overexpressing AAV was 
injected into Area X and compared to a Green Fluorescent Protein (GFP) control virus. 
Immunohistochemical analysis showed that unilateral injections of the alpha-synuclein AAV into 
an Area X hemisphere resulted in higher levels of the protein compared to the control virus-
injected side. Bilateral injections into Area X were done with either alpha-synuclein or GFP 
control virus with song recorded pre and post-injection over three months. We hypothesized that 
alpha-synuclein overexpression would decrease the level of acoustic variability in the bird’s UD 
and FD songs. Birds that received alpha-synuclein virus showed subtle changes in acoustic 



features of song syllables. On-going work is investigating the impact of alpha-synuclein 
overexpression on dopaminergic pathways within Area X as they relate to the occurrence of 
vocal deficits in humans. 
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Abstract: Dopamine (DA) is an important neuromodulator of motor control across vertebrate 
species, and under neuropathological conditions, the loss of DA in the basal ganglia leads to 
Parkinson’s Disease (PD). Vocal deficits associated with PD include monotonous voice, 
decreased loudness, and articulatory problems; however, the link between the loss of DA and 
vocal modulation is not well-understood. In rodent and songbird models, 6-hydroxydopamine (6-
OHDA), a neurotoxin that causes dopaminergic cell death, has been used to study the effects of 
DA loss on vocalizations. Zebra finch (Taeniopygia guttata) songbirds are vocal learners and 
have similar dopaminergic pathways as in the human brain making them an advantageous model 
to study the role of DA in vocalizations. The zebra finch songbird model has been used to 
characterize the role of DA in modulating neuronal firing patterns in Area X when the bird is 
singing by himself (undirected, UD) or to a female (directed, FD). In the current study, we 
investigated whether the vocal behavior of the zebra finch (non-singing vs. UD/FD) regulates the 
protein expression of different biomarkers associated with dopaminergic activity in Area X, 
including tyrosine hydroxylase (TH), an enzyme required for DA biosynthesis. Two hours 
following the non-singing (NS) or singing states, a key time-point used to examine song-related 
changes in gene expression, the brain was extracted and Area X tissue biopsied for Western 
blotting. We hypothesized that TH levels in Area X would be higher during singing versus NS as 
well as higher in FD than UD due to previous studies sampling DA metabolites and given the 
rewarding nature of FD courtship behavior. TH levels were differentially regulated in Area X 
across NS and singing states and may be regulated by the amount of song and social-context (UD 



vs. FD). On-going experiments are investigating protein expression patterns in NS and singing 
states for DA receptors and other biomarkers in Area X. Future work will examine how 6-
OHDA-induced DA depletion in Area X affects DA biomarkers in different vocally-driven 
behavioral states. The goal is to understand the neurobiological mechanisms whereby DA 
contributes to normal vocal behavior and the consequences of DA loss as noted in PD. 
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Abstract: Vocalizations are an essential part of social interactions in birds. They have important 
biological functions in coordinating activity of group members. In the previous study (SfN 2013, 
549.10) using back-attached ultra-miniature sound/acceleration logger (Anisimov et al., Nat. 
Meth. 2014) we recorded vocalizations in groups of freely moving laboratory-housed zebra 
finches and have found that communication networks in zebra finch groups have a stable 
hierarchical structure. 
The networks formed and strengthen over the course of several days in newly created groups 
(from animals that never have been in contact with each other), where the strengthening was 
manifested in faster and more reliable call-call responses. Singing behaviors differed between 
individuals. Some animals tended to sing together whereas others avoided that tendency. 
Introduction of the female strongly decreased the number of songs produced by males and 
changed the hierarchy of their call interactions within the entire group. After female removal the 
original hierarchy recovered in most cases. 



However, a sudden creation of a group from unfamiliar birds is probably a rare event in the wild 
where stable communities of flocking birds take place. Thus, we decided to verify the dynamics 
of vocal interactions in a group formed from familiar birds that we temporarily separated before 
recording sessions. We recorded vocalizations in a group formed by four adult brothers from the 
same clutch (216-220 days-post-hatch) and their father (1049 dph at the beginning of the group 
recording session). Animals were separated from each other about 150 days before recording, but 
were kept in cages together with other birds. Forty days before the communal recording session 
animals were placed in individual sound isolation chambers for song recording and habituation 
to the backpack weight. 
After placing animals in the communal recording chamber their hierarchical network of 
vocalizations was established within the first 2.5 hours and was very robust during the following 
week. The most intensive vocal interactions were observed on the first day. Whereas only 4 from 
12 unfamiliar birds demonstrated pairwise co-singing (33%), all siblings (n = 4) sang in stable 
pairs (100%). The father always lead vocalizations of the group in spite of the smallest number 
of calls produced. Presumably, an important factor contributing to fast formation of a 
hierarchical network of call interactions is familiarity of animals. And, we speculate that zebra 
finches do not forget their relatives even after long separation and that memorization and 
recognition might be facilitated by song similarity. 
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Abstract: Birdsong, like human speech, is a vocal behavior that requires the formation of long-
term auditory memory. Vocal reproduction of the memorized acoustic model requires that birds 



precisely coordinate the activation of respiratory and vocal organ motor systems. In both juvenile 
and adult songbirds, ablation or inactivation of HVC (proper name) neural activity disrupts 
temporal features of song. Consistent with the role of respiration in controlling song tempo, we 
have previously demonstrated that HVC contributes to song respiratory production in adult male 
Bengalese finches (Lonchura striata domestica, Urbano & Cooper, 2015). Here we further 
explored these findings by recording subsyringeal air sac pressure and syringeal (avian vocal 
organ) electromyographic activity in singing birds prior to, during, and following recovery from 
HVC inactivation. Dialysis probes were implanted into either left or right HVC in adult male 
Bengalese finches (N=5), allowing for reversible suppression of neural activity (muscimol, 1.5 
mg/mL). In all animals, mean air sac pressure and initial (10 ms) slope of song-related expiratory 
pulses (EPs) dropped significantly during HVC inactivation and recovered (Amplitude: F(2,8) = 
12.8, p = 0.003; Slope: F(2,8) = 15.3, p = 0.002). Subsyringeal air pressure is driven by the 
combined activation of expiratory muscles (m. obliquus externus abdominis) and syringeal 
adductor muscles (m. tracheobronchialis dorsalis, dTB). To investigate the mechanism 
underlying the reduced air pressure amplitude and slope, the onset time of dTB activity (n=3) or 
expiratory muscle activation (n = 1) relative to EP onset was measured. During baseline song, 
dTB activity preceded song EP onset by 5-20 ms and expiratory muscle activation preceded EP 
onset by 10-15 ms. During right HVC inactivation, left (n=1) and right (n=2) dTB activity was 
delayed by ~10 ms in a subset of syllables with activation occurring atypically after EP onset. In 
contrast, we did not observe a similar temporal delay in activation of expiratory muscles, but did 
observe a decrease in activation amplitude. However, unilateral HVC inactivation did not affect 
air pressure amplitude, slope, or the timing of dTB activity during the production of learned 
contact calls. These results suggest that song degradation after HVC lesion or inactivation is 
linked to temporal changes in dTB activity and reduced activation of expiratory muscles. 
Therefore, HVC controls song timing by synchronizing diverse motor systems required to 
reproduce respiratory patterns that generate sequential, learned vocalizations. 
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Abstract: The basal ganglia (BG) plays a key role in coordination and execution of complex 
behaviors. Songbirds represent a tractable experimental platform for studying the mechanisms by 
which BG neuronal ensembles encode, drive, and modify behavior. Indeed, song learning and 
production is orchestrated by a specialized network of anatomically discrete brain nuclei 
including the BG homologue Area X. The dedicated nature of this system provides a rare 
opportunity in which BG population activity can be directly linked to a readily quantifiable 
behavior such as song. To investigate neural representations of song we performed deep brain 
calcium imaging of Area X neurons with a miniature head mounted 1 photon microscope. In 
initial experiments we used a nonspecific viral approach to pan-neuronally label all cell types in 
songbird BG with the genetically encoded calcium indicator, GCaMP6s. Calcium signals from 
single neurons revealed neural signatures of vocal initiation and termination, as well as 
stereotyped activity during song. Area X contains intermixed neuronal cell types including 
medium spiny neurons (MSNs), pallidal neurons (GPi- and GPe-like neurons). As MSNs are 
hypothesized to be a critical site of plasticity underlying learning, we sought to selectively 
monitor their activity during singing. We employed a CaMKII promoter-based strategy to virally 
label cells whose size is consistent with MSNs and confirmed that viral expression of the 
reporter construct co-localized with an MSN marker (DARPP-32). In vivo imaging of 
genetically identified MSNs during singing demonstrated distributed sequential activity 
throughout the song motif. Longitudinal measurements from identified BG neurons have the 
potential to describe the fundamental neural changes that enable the acquisition and maintenance 
of a complex vocal behavior. 
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Abstract: Adaptive behavior depends on the ability to flexibly organize individual actions, or 
gestures, into sequences. Crucial to the optimal performance of action sequences is the ability to 
vary how an individual gesture is executed, depending on which sequence it is embedded in (i.e. 
its sequential “context"). An example is coarticulation in speech, where a given gesture, or 
phoneme, can be executed with different articulator (e.g. lip) positions depending on its 
sequential context (e.g. what word it is in) in order to enable smooth transitions between the 
phonemes that make up each word. Here we investigate the neural substrates that underlie 
context-dependent modification of individual motor gestures in Bengalese finch song. Bengalese 
finch song consists of sequences of syllables that are variably ordered from rendition-to-
rendition, such that the same syllable can be sung in different sequential contexts. We found that 
we could use aversive reinforcement to train birds to modify the same syllable differentially in 
different contexts. Moreover, the expression of such context-dependent modifications depended 
on the anterior forebrain pathway (AFP), a basal ganglia-pallial circuit important for song 
plasticity. Specifically, pharmacological inactivation of the output nucleus of the AFP blocked 
the full expression of modifications that were sequence-dependent (resulting from differential 
training in different contexts), but not modifications that were sequence-independent (resulting 
from the same training in all contexts). Our results indicate that the AFP integrates information 
about sequential context and learning signals in order to enable adaptive, context-dependent 
modifications of syllables. More broadly, we suggest that other forms of context-dependent 
motor adaptation, for which neural substrates are unclear, might similarly depend on basal 
ganglia circuits. 
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Abstract: Similar to speech acquisition in infants, vocal learning in juvenile zebra finches entails 
a process of sensorimotor integration in which auditory feedback of self-produced vocalizations 
guides refinement of variable immature vocal sounds into stereotyped adult patterns. In zebra 
finches, the output of this sensorimotor processing is conveyed to RA, a region of motor cortex 
that drives vocal output. Neurons in RA of adult zebra finches demonstrate greater response 
strength to playback of the bird’s own song than to playback of conspecific songs. However, 
little is known about how the responsivity of RA neurons in juveniles engaged in sensorimotor 
learning compares to that in adults: do neurons in juvenile RA also demonstrate greater 
selectivity for the bird’s own vocalizations? Alternatively, juvenile RA neurons may maintain 
broad responsivity to all possible motor outputs, thereby facilitating exploration of variable 
vocalizations during learning. We investigated this question by making extracellular recordings 
in RA of anesthetized juvenile (40-48 dph) and adult (> 90 dph) male zebra finches and testing 
the neural response to playback of each bird’s own song (OWN) against playback of a mirror 
reverse of each bird’s own song (REV), juvenile and adult conspecific songs (CON), and the 
adult tutor song. Single neurons in RA of juvenile birds were broadly responsive: 82% of 
recorded neurons demonstrated a significant increase in mean firing rate during playback of two 
or more song stimuli. Across all recordings, response strength to playback of each juvenile song 
(OWN, REV, juvenile CON) was greater than the response to the adult tutor song (n = 41 units; 
p < .05). However, response strength did not vary among playback of juvenile song stimuli. This 
pattern of results suggests that neurons in RA of juvenile birds prefer acoustic features inherent 
to immature juvenile vocalizations over adult vocal patterns, but do not prefer the bird’s own 
song over other immature vocal sounds. In contrast to juveniles, neurons in RA of adults 
demonstrated greater response strength to playback of OWN compared to all other stimuli – 
including the acoustically similar tutor song (n = 31 units; p < .05). Moreover, the magnitude of 
selectivity for OWN over tutor song was greater in adults than in juveniles (p < .01). These 
results indicate that RA neurons respond to playback of various juvenile vocal sounds during 
early learning but develop a strong preference for the bird’s own vocalizations by the end of 
sensorimotor development. This pattern suggests that selectivity of RA neurons may be shaped 
more by auditory feedback of self-produced sounds than by auditory experience with the tutor 
song. 
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Abstract: Timing control is a fundamental aspect of precise motor control. Birdsong is an 
elaborate and stereotyped vocal behavior controlled with millisecond precision. Various lines of 
evidence support the hypothesis that song premotor neurons located in a telencephalic nucleus 
(HVC) form a synaptic chain to generate song tempo. On the other hand, vocalization also 
depends on the brainstem circuits that involve the control of respiratory, expiratory rhythms and 
muscles in syrinx. How the forebrain and brainstem interact to produce temporally precise and 
reproducible behaviors is not well understood. Here we combine physiological, dynamical and 
computational methods to show that song tempo is the product of a distributed and recurrent 
synaptic network spanning the forebrain and brainstem. Using a miniature Peltier device, we 
found that focally manipulating the temperature of HVC exerted nearly identical effects on song 
tempo and activity propagation through a recurrent, distributed network that contains HVC as 
one of its elements. In contrast, cooling HVC exerted three to four fold greater effect on activity 
propagation locally within HVC than it did on song tempo. Moreover, focally manipulating 
temperature at a thalamic node in the recurrent network also altered song tempo, and these 
effects could not be attributed to thermal effects on HVC. Finally, intracellular recordings in 
singing birds reveal that different HVC premotor cells, which generate sparse and sequential 
action potential activity during singing, receive high frequency and synchronous patterns of 
depolarizing postsynaptic potentials, a synaptic feature that is inconsistent with simple local 
chain models studied so far. We confirmed that a simple distributed chain model can account for 
the temperature sensitivity and synchronous synaptic activity underlying the sparse sequential 
action potential activity. These findings indicate that precisely timed neural activity critical to the 



regulation of song tempo arises from a distributed, recurrent network rather than through a 
localized mechanism. 
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Abstract: Zebra finch males sing a single, stereotyped song, hundreds of times per day, and this 
song is produced with remarkable precision for a bird’s entire adult life. It is not known how a 
neural network can maintain this stable behavior on timescales of months or years. A premotor 
brain region called HVC (used as a proper name) is crucially important for song production: 
Lesions or perturbations of normal activity in HVC during song learning prevent the juvenile 
from learning to sing (Roberts, Gobes, et al., 2012), and during adulthood disturb song 
performance (Williams et al., 1992; Long & Fee, 2008; Wang et al., 2008; Basista et al., 2014). 
Cells in HVC that project to downstream brain regions (motor cortex, basal ganglia and a 
secondary auditory brain region) show extremely stereotyped activity patterns during singing: 
they burst sparsely, precisely aligned to an exact position in the song (Hahnloser et al., 2002; 
Markowitz, Liberti, et al., 2015). When the bird is awake and not singing, these cells are rarely 
active. However, it has been observed that spontaneous replay of sequences of neural activity 
occur in the song system throughout sleep (Dave & Margoliash, 2000; Chi et al., 2003; 
Hahnloser et al., 2006; Crandall et al., 2007; Shank & Margoliash, 2009; Moorman, Gobes, et 
al., 2015). We hypothesized that sleep might be important for the maintenance of behavioral 
stability of song. To study activity of HVC projection neurons during natural sleep, we used a 
genetically encoded calcium indicator in conjunction with head-fixed fluorescence microscopy. 
Here, we demonstrate that sleep-related activity of HVC projection neurons differs from daytime 



singing. The statistical structure of spontaneous activity in sleep is more variable than during 
singing: the temporal correlations between cells are less stereotyped, and the duration 
distribution of sleep replay events is broad. We propose that noisy spontaneous activity in sleep 
might be integral to maintaining stable motor patterns on a long timescale, by promoting 
variability in the song motor program that serves as a substrate for adaptive plasticity during 
singing. In support of this, we observe that projection neurons in the song motor system change 
their firing patterns over intervals of sleep, and that the stereotypy of HVC projection neuron 
firing shows a circadian cycle during undirected singing. This daily variation in the song motor 
program is paralleled by small but detectable overnight changes in song acoustical structure and 
song variance. These variations raise the possibility that novel firing patterns generated through 
noisy sleep processes can be selectively reinforced during subsequent days of singing. 
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Abstract: Songbirds, just like humans, learn to produce complex vocal sequences to 
communicate. Their rich vocal output results from the interaction between the brain and a vocal 
organ that is very similar to that of humans. For these reasons, songbirds represent an ideal 
animal model to study the general mechanisms underlying complex, learned motor behavior. 
Insights gained on how birdsong is represented in higher brain areas and how those neural 
representations are related to motor movements are particularly desirable if we are to understand 
the human speech production system and to develop a human speech neuroprosthesis. 
We present a discrete neural decoder that predicts different syllables of a zebra finch listening to 
its own song. Previous research has demonstrated that neural activity in the bird’s HVC and RA 
is similar during listening and singing its own song. Therefore, a high-performance decoder for 
these auditory stimuli is likely to translate to a high-performance decoder for singing activity. 



Using spiking rates from multiple neuronal units as features and a linear discriminant analysis 
(LDA) classifier, we identify a separability in neural space for the 7 distinct syllables of the bird 
song. 
We compute syllable classification performance using 10-fold cross-validation and perform a 
grid search over window length, bin size and window onset. We achieve a peak syllable 
classification accuracy of 41±3% (mean +/- s.e.m; chance level is 14%). We observe a trend of 
increasing performance with larger window length and bin size. As we might expect, we find a 
tendency for higher performance with window onset close to stimulus onset. However, and more 
interestingly, we have found that neural spiking rates prior to stimulus onset encode information 
about the subsequent syllable. This seemingly acausal effect could suggest that the bird 
anticipates syllables of its own song before hearing them. 
These initial analyses suggest that bird song syllables can be decoded from neural activity 
collected at the recording site. The decoding models described here do not utilize dynamical 
structure present in the behavior and likely to be present in the recorded neural activity. Future 
work will explore these dynamics and their relationship to auditory feedback and volitional 
motor control. 
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Abstract: The central role of respiration during song production in birds requires delicate 
coordination with syringeal motor systems. Sensory feedback mechanisms must play a critical 
role in achieving this coordination, and input from air sac receptors in the vocal-respiratory 
periphery is likely to have an immediate influence on song output. This sensory information is 
relayed by the vagus nerve to the tractus solitarius (nTS), and could reach the forebrain song 
control system through projections to the inspiration related nucleus parambigualis (PAm) in the 
medulla which then projects to HVC via the thalamic nucleus Uvaeformis (Uva).   



We report physiological evidence for the existence of this neural pathway through which 
viscerosensory feedback information from the respiratory brainstem can be relayed to HVC. We 
used short (100 ms) air pressure pulses delivered directly to the air sacs of anesthetized male 
zebra finches (Taeniopygia guttata) while recording neural activity in PAm, Uva and HVC. We 
recorded from PAm at 14 sites in 3 birds. Of 28 isolated single units, 18 showed short latency 
responses to the pressure stimulus irrespective of the phase of the respiratory cycle. We then 
recorded extracellular activity in HVC across 118 recording sites in 12 birds. Of the 276 units, 77 
units (28%) showed a significant response to air sac stimulation with an average latency of 35 
ms. To test whether viscerosensory information reaches HVC via Uva, we also recorded from 
antidromically identified HVC-projecting neurons in Uva. These neurons (N = 2 sites) responded 
vigorously to air sac stimulation without showing any significant responses to other sensory 
stimuli (somatosensory or visual). In one bird, we were able to record simultaneously in HVC 
and Uva. Thalamic responses always preceded those observed in HVC, suggesting that 
viscerosensory information flows from Uva to HVC. To test this directly, we inactivated Uva 
while recording in HVC. Preliminary data from one bird show that such inactivation completely 
eliminates responses in HVC. Taken together, these experiments indicate that HVC, a crucial 
region for song motor control, receives direct viscerosensory information from the vocal-
respiratory apparatus, which could provide online feedback during singing.  
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Abstract: Motor actions can involve a hierarchical organization with simple or complex rules 
governing the sequential ordering of elementary motor units (Markowitz, 2013). However, the 
neural underpinnings of the serial ordering of behavior remains largely unknown. In one of the 
simplest cases of learned vocal-motor behavior, a male zebra finch learns to sing a single, 
stereotyped song. This song contains acoustic ‘motifs’ that are remarkably stereotyped, and on 
this level, the neural correlates of the behavior have been extensively studied. However, on a 
slightly larger time-scale of the full song performance ‘bout’, song is also structured: there is a 
well defined start, and end of song, and in the middle zebra finches can sing a variable number of 
motifs, and occasionally insert variations in the syllable sequence. The songbird premotor 
nucleus HVC is a promising place to search for ‘bout-level’ coding, because the nucleus is 
known to be involved with both the initiation and timing of song (Long, 2008; Hahnloser, 2002), 
and stimulation of HVC during singing can terminate, restart, or rearrange song syntax (Wang, 
2008). In a closely related species, the bengalese finch, one class of neurons in HVC that project 
to the basal ganglia (HVCX ) displays context-dependent activity correlated to syllable repetition 
and transition. (Fujimoto, 2011). To date, higher order context encoding beyond the syllable 
level has yet to be described in zebra finches. Using cell-type specific genetically encoded 
calcium indicators and custom ultralight miniature head-mounted microscopes, we describe the 
firing patterns of excitatory projection neurons in the premotor cortical area HVC over days and 
weeks in the awake behaving finch. Our data reveals that calcium activity in some projections 
neurons in HVC correspond reliably with simple bout-level features such as song start, song 
termination, and motif number within a bout. 
The finding that zebra finch projection neurons in HVC correlate with features of the bout-level 
structure will allow for the study of motor sequence organization in a particularly controlled 
setting, and may provide insight into the neural basis of how complex, sequential behaviors are 
assembled from more elementary, discrete components. 
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Abstract: Singing in male canaries is plastic and strongly influenced by seasonally determined 
levels of hormones [1, 2]. Recordings from anesthetized male canaries have revealed that 
photoperiodic status influences the selectivity of HVC neurons for the bird’s own song [3, 4]. 
Testosterone implanted female canaries produce complex songs that are structurally similar to 
the song of reproductively active males [5]. In particular, male songs and testosterone-induced 
female songs are successions of repeated motor units, unlike the commonly studied zebra 
finches. We have succeeded in obtaining stable (multi-)unit recordings from the song nuclei RA 
and HVC in free moving male canaries. Up to 8 days of continuous recordings were analyzed 
with respect to spike activity and local field potentials. Regular firing RA units were active 
before calls and song syllables, including those that were part of high-frequency trills. HVC, 
neurons were found whose activity preceded calls and song syllables. Playback of bird’s own 
song during surgery showed that multiunit HVC activity followed the syllable onsets, whereas it 
preceded the syllables during active singing. Comparison of the song related activity of HVC-
neurons among male and female canaries and among canaries and zebra finches will inform 
about the generality of motor coding. 
1. Nottebohm F, Nottebohm ME, Crane LA, Wingfield JC. Seasonal-Changes in Gonadal 
Hormone Levels of Adult Male Canaries and Their Relation to Song. Behav Neural Biol. 
1987;47(2):197-211. doi: Doi 10.1016/S0163-1047(87)90327-X. PubMed PMID: 
WOS:A1987G667100010. 
2. Leitner S, Voigt C, Gahr M. Seasonal changes in the song pattern of the non-domesticated 
island canary (Serinus canaria), a field study. Behaviour. 2001;138:885-904. doi: Doi 
10.1163/156853901753172700. PubMed PMID: WOS:000172365400006. 
3. Lehongre K, Del Negro C. Representation of the Bird's Own Song in the Canary Hvc: 
Contribution of Broadly Tuned Neurons. Neuroscience. 2011;173:93-109. doi: 
10.1016/j.neuroscience.2010.11.015. PubMed PMID: WOS:000286487000008. 
4. Del Negro C, Lehongre K, Edeline JM. Selectivity of canary HVC neurons for the bird's own 
song: modulation by photoperiodic conditions. The Journal of neuroscience : the official journal 
of the Society for Neuroscience. 2005;25(20):4952-63. Epub 2005/05/20. doi: 
10.1523/JNEUROSCI.4847-04.2005. PubMed PMID: 15901776. 
5. Fusani L, Metzdorf R, Hutchison JB, Gahr M. Aromatase inhibition affects testosterone-
induced masculinization of song and the neural song system in female canaries. Journal of 
Neurobiology. 2003;54(2):370-9. doi: 10.1002/neu.10141. PubMed PMID: 
WOS:000180461500006. 
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Abstract: Hummingbirds represent a relatively recent order of vocal learning birds that have 
radiated into a variety of ecological niches in the Americas. Vocal learning is well represented, 
possibly occurring in all nine generally recognized hummingbird lineages. Here we describe the 
vocal behavior of Black Jacobins (Florisuga fusca), a representative species from the Topaz 
clade, recently proposed to be a sister to all other hummingbird lineages. Black Jacobins occur in 
the Atlantic Forest of Brazil, where they are one of the most abundant hummingbird species. 
Vocalizations were recorded in and around established feeders at the Museu de Biologia Mello 
Leitão in Santa Teresa, Espírito Santo, Brazil. We used a multichannel Avisoft recorder system 
with microphones capable of recording vocal signals with energy in the sonic and ultrasonic 
ranges. The most common vocalization was a rapid sequence of three repeats occurring over 
~0.3 s., with a fundamental frequency (FF) of 12-14 KHz and strong harmonics as high as 80 
KHz. A power spectrum revealed equivalent energies in the fundamental and first harmonic, and 
decaying energy in the upper harmonics. These triplets occurred in a number of conditions, 
including in flight and close to the feeders, during in flight antagonistic interactions with 
conspecifics, as well as when birds were perched alone away from the feeders. These 
vocalizations contained significant spectro-temporal complexity, consisting or rapid and periodic 
frequency modulations alternating with shorter unmodulated segments. There was suggestion of 
individual variation, which could implicate learning and the presence of cortical vocal circuitry, 
but further proof would require recording isolated individuals and histological study of brain 
circuitry. A second, call-like vocalization type occurred rarely and consisted of a downward 
frequency modulated utterance that occurred over ~0.02 s, at intervals of 0.5-5 s and a FF of ~10 
KHz. It occurred only when birds were perched and were guarding nearby feeders. No 



vocalizations were noted below 10 KHz. The frequency range for these vocalizations is 
remarkable in that it is above the upper limit of both the hearing and vocal frequency range 
thought to be present in birds in general. Tropical forests present unique acoustic challenges, 
including complex canopy structure and noisy environments from a diverse assemblage of 
species. The high frequency of Jacobin vocalizations may represent a frequency shift to better 
allow effective and exclusive acoustic communication in a noisy environment with a broad 
diversity of other hummingbird species. 
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Abstract: Optimal performance of social behaviors requires they be coordinated appropriately to 
the environmental context. During breeding contexts, male songbirds tend to produce a stable, 
stereotyped song that facilitates them effectively attracting a mate or repelling a competitor, 
while outside of breeding contexts when birds are altering their songs it becomes more variable. 
This is especially prevalent in open-ended vocal learners like male canaries (Serinus canaria), 
which as adults undergo enhanced song variability during the non-breeding season, but produce a 
highly stereotyped song during the breeding season to attract a mate. The mechanisms 
controlling context-dependent changes in adaptive behavioral variability are unclear. Androgens 
have been shown to significantly reduce vocal variability and are high during the breeding 
season when song is stereotyped, but low during the non-breeding season when song is highly 
variable. We housed male canaries on short days (SD) to simulate non-breeding conditions. 
Then, we used flutamide to bilaterally block androgen receptors (AR) in the lateral 
magnocellular nucleus of the anterior nidopallium (LMAN), a cortical-like brain region of the 
song control system that is known as a vocal variability generator. Immediately following 



surgery birds were placed on long days (LD) to simulate the breeding season. We recorded song 
while birds were housed on SD and LD. Blocking AR in LMAN caused a significant increase in 
the acoustic variability of song and this was paralleled by a substantial increase in the acoustic 
variability of syllables. The results of blocking AR in LMAN are in contrast to our previous 
results showing that blocking AR in HVC, a sensorimotor region involved in song production, 
caused increased syllable usage variability and syllable sequence variability, while not affecting 
syllable acoustic variability. However, blocking AR in the robust nucleus of the arcopallium, a 
premotor brain region, leads to increased syllable acoustic variability, similarly to the current 
results of AR blockade in LMAN. Indeed, LMAN projects directly to RA and it is via this 
pathway that LMAN is thought to “inject” variability into the song control system. These results 
suggest AR in LMAN are important to controlling vocal variability and highlight the pleiotropic 
nature of steroid hormones in controlling complex social behaviors such as birdsong. 

Disclosures:  B.A. Alward: None. G.F. Ball: None. 

Poster 

629. Bird Song: Vocal Performance and Motor Control 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 629.20/BBB12 

Topic: F.01. Neuroethology 

Support: NINDS F32NS084909 

 NIMH T32 MH 89920-3 

 NIH RO1 MH055987 

 HHMI 

Title: Social context modulates the expression of sequence learning in adult Bengalese finch 
song. 

Authors: *S. SHIN, M. BRAINARD;  
Physiol., UCSF, San Francisco, CA 

Abstract: Male songbirds sing a more variable ‘exploratory’ song when they sing alone 
(undirected song) than when they sing to female (directed song). Undirected song is also 
associated with an elevated level of neural activity and neural variability within the avian 
anterior forebrain pathway (AFP) an avian cortico-basal ganglia analog that is crucial for normal 
song learning and adult song plasticity. Together, these results suggest that undirected song may 



reflect a ‘practice’ state in which there is elevated motor exploration important for learning, 
while directed song reflects a ‘performance’ state, in which the AFP is disengaged and the 
current best version of song (instantiated in more primary motor structures) is produced. 
Consistent with this model, recently learned changes to the acoustic structure of individual 
syllables of adult song are partially ‘reversed’ when either the AFP is inactivated, or when males 
sing directed song (Andalman and Fee, 2009; Warren et al. 2011, Ali et al. 2013). Here, we 
tested whether directed song similarly modulates the expression of recently learned changes to a 
hierarchically distinct aspect of adult song structure: the sequencing of discrete syllables of the 
bird’s song. We used differential reinforcement to drive changes to syllable sequencing during 
undirected song in adult male Bengalese finches (as in Warren at al. 2012). We then tested the 
effect of introducing a female, to elicit directed song, on the statistics of syllable sequencing. We 
found that during directed song, there was a consistent reversion of sequence learning back 
towards the initial baseline state. The magnitude of this reversion was correlated with the 
intensity of directed song, as evaluated by the concurrent effect on the variability of syllable 
acoustic structure. Moreover, we found that inactivation of LMAN, the outflow nucleus of the 
AFP, caused a similar reversion of sequence learning. These data indicate that the expression of 
sequence learning is subject to strong modulation by social context and suggest that this 
influence is mediated in part by avian basal ganglia circuitry. 
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Abstract: In reinforcement learning an animal learns through trial and error to select those 
actions that maximize reward. Dopamine neurons in the ventral tegmental area (VTA) mediate 
reinforcement by signaling reward prediction error: they are activated by better-than-predicted 
reward outcomes and suppressed by worse-than-predicted ones. Yet it remains unclear if 
dopaminergic error signals apply to behaviors such as speech or playing an instrument that are 
not learned for primary rewards but are instead learned by matching performance to internal 
goals. Songbirds use auditory feedback to learn their song, and have a dopaminergic projection 
from VTA to Area X, a striatal nucleus required for song learning. To test if dopamine encodes 
error during internally-guided performance evaluation, we recorded zebra finch VTA neurons as 
we induced perceived auditory error in specific song syllables using distorted auditory feedback. 
Here we show that a subset of VTA neurons, including those antidromically identified as 
projecting to Area X, encode performance error. They are suppressed after distorted syllables, 
consistent with a worse-than-predicted outcome, and are activated at the precise moment of the 
song when a predicted distortion did not occur, consistent with a better-than-predicted outcome. 
Error-encoding VTA neurons are a homogenous group that exhibit slow, tonic, irregular 
discharge similar to mammalian dopamine neurons. Yet they are intermingled with other VTA 
neurons that exhibit heterogeneous firing patterns, do not encode performance error, and are 
modulated by movement. Together, these findings identify how auditory error signals reach 
vocal motor circuits and, more broadly, demonstrate that principles of dopaminergic prediction 
error can generalize to behaviors that are not learned for primary rewards but are instead learned 
by comparing performance outcomes to internal goals. 
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Abstract: Adjusting motor performance to match a sensory target is crucial for the acquisition of 
many learned behaviors, such as speech, music, and sports. This process is commonly studied in 
humans and animals by inducing prediction errors via manipulation of sensory feedback. 
However, the mechanisms underlying learning the consequences of one’s actions (and thus 
minimizing sensory prediction errors) are likely to be distinct from those underlying matching 
one’s actions to a desired target (i.e., minimizing performance errors). We tested how 
performance errors are corrected during vocal learning in zebra finches (Taeniopygia guttata), by 
directly manipulating young birds’ learning targets, without interfering with sensory feedback. 
We exposed birds to playbacks of an artificially designed tutor song, and once it was learned, 
switched the training to an altered tutor song, containing a pitch shifted version of one syllable 
type. We continuously recorded the birds’ vocal output and tracked the developmental trajectory 
of individual syllables, as the birds adjusted their imitation of the first song to resemble the 
second song. We varied the size of the induced pitch shift across experimental groups, thus 
inducing larger or smaller performance errors. We found that error size had a profound effect on 
observed error correction trajectories. Small (one semitone) errors lead to slow and sometimes 
partial correction trajectories, while larger (two semitone) errors lead to abrupt and full 
corrections. However, further increasing error size to four semitones resulted in lack of any 
corrective pitch shifts towards the target. Instead, the target syllable was generated from scratch 
and incorporated into the song bout to replace an existing syllable. These results indicate that 
error size plays a crucial role in determining the assignments between individual motor actions 
(song syllables) and their corresponding learning targets. 
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Abstract: Humans rely on both external and internal reinforcement to learn a variety of motor 
skills, from learning a video game to playing a musical instrument. Midbrain dopamine-releasing 
neurons that innervate the basal ganglia (BG) are known to play a key role in externally 
reinforced forms of learning in vertebrates. In contrast, the role of dopamine in internally 
reinforced forms of learning remains relatively poorly understood, due in part to the challenge of 
describing internally reinforced forms of learning in rodents or non-human primates. Songbirds 
provide a powerful model in which to explore the roles that dopamine signaling plays in 
internally and externally reinforced learning: as juveniles, they learn to copy a tutor song in a 
process that is internally reinforced; as adults, they can learn to shift the fundamental frequency 
(i.e., pitch) of a syllable that is targeted in a contingent manner with noise, a form of externally 
reinforced learning; and the pitch of the targeted syllable will return to baseline values when 
noise is discontinued, a process that is internally reinforced. Here we used an intersectional 
genetic method to ablate midbrain dopaminergic cells (VTAX cells) that project to Area X, a 
region of the BG specialized for vocal learning. Though both juvenile copying and adult pitch 
learning were severely impaired following VTAX cell ablation, adult recovery of baseline pitch 
was unaffected. In another set of experiments, we found that infusing dopamine receptor type 1 
(D1R) antagonists into Area X also impaired juvenile copying and adult pitch learning, but did 
not affect adult recovery. These observations support the idea that D1R-mediated signaling from 
the VTA to Area X may be critical to learning a new motor program, but not to recovering a 
previously learned vocal pattern. Finally, we found that pitch-contingent optogenetic stimulation 
of VTAX terminals in Area X was sufficient to reinforce lasting shifts in syllable pitch. These 
findings indicate that VTAX cells and the D1Rs they activate in the BG are necessary to both 
internally and externally reinforced forms of learning, and that performance-contingent 
activation of VTAX terminals is sufficient to reinforce learned vocal behavior. 
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Abstract: An influential idea is that the integration of vocal motor signals with auditory 
feedback gives rise to error signals useful for vocal learning. The circuits that mediate 
sensorimotor integration important to the generation of error signals and vocal learning await 
elucidation. We sought to address this issue by examining the circuit that links a premotor 
nucleus important to song timing (i.e., HVC) to an auditory forebrain nucleus (i.e., Avalanche, or 
Av) in adult male zebra finches. We previously reported that this motor to auditory projection is 
required for song learning as well as song degradation after deafening, suggesting that it plays a 
role in auditory feedback-dependent vocal learning and plasticity (Hisey et al., SfN Neuroscience 
2014: 565.14). To elucidate the signal that the HVC to Av projection conveys, we performed 
whole cell patch-clamp recordings from HVC-Av neurons in brain slices and examined their 
inputs using electrical and optogenetic stimulation methods. Stimulation of HVC neurons that 
project to a motor region (i.e., RA), which collectively encode song timing information, induced 
monosynaptic excitatory currents in most HVC-Av neurons. In contrast, stimulation of HVC 
neurons that project to a basal ganglia region (i.e., Area X) failed to elicit monosynaptic 
excitatory currents in any HVC-Av neuron. Moreover, stimulation of axon terminals from 
auditory cortical regions including Av and the nucleus interfacialis (NIf) failed to induce 
monosynaptic excitatory currents in HVC-Av neurons, but did evoke monosynaptic excitation in 
the other projection neuron types in HVC. Tracer injections showed that Av neurons project to 
the ventral part of the intermediate arcopallium (AIV), which contains neurons that are sensitive 
to perturbations of vocalization-related auditory feedback and that target midbrain dopaminergic 
neurons implicated in error correction (Mandelblat-Cerf et al., 2014, eLIFE 3:e02152). These 
results suggest that the HVC-Av projection conveys song timing information to the auditory 
system, which could be important to the generation of error signals in downstream auditory 
regions. 
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Abstract: Songs of the Bengalese finch consist of variable sequences of discrete syllables. The 
syllable sequences follow probabilistic rules, and can be accurately described by statistical 
models, in particular, the partially observable Markov model (POMM) [1]. POMM is a 
probabilistic state transition model, with each state associated with a syllable. A syllable can be 
associated with multiple states. This “many-to-one mapping” from the states to the syllables 
distinguishes POMM from a simple Markov model, in which each syllable is associated with a 
single state. The number of states required for each syllable can be used to characterize the 
complexity of Bengalese finch songs. Using a novel method for deriving POMM from observed 
syllable sequences [2], we constructed the syntax of a number of Bengalese finches. We 
excluded syllable repetitions since these were addressed elsewhere [3]. We find diverse state 
transition structures, ranging from simple to complex. While some structures are composed of 
segments of deterministic transitions with occasional branches, others allow branching from 
every state. Hence there is no prototypical syntax for Bengalese finch songs. Statistical analysis 
shows that most songs are beyond Markov models, requiring 2 to 3 extra states for some 
syllables. Deafening reduces such complexity, simplifying the song syntax into Markov models 
in most birds. The complexity persists in others. These observations suggest that auditory 
feedback can induce complexity in the Bengalese finch song syntax. There are also contributions 
from intrinsic factors other than the auditory feedback. We suggest that the Bengalese finch song 
syntax is encoded in the interplay between auditory feedback and the intrinsic song generating 
circuitry. 
[1] Jin & Kozhevnikov, PLoS Comp. Bio., 2011. 
[2] Jin & Surendralal (to be published). 
[3] Wittenbach, Bouchard, Brainard & Jin, PLoS Comp. Bio., 2015. 
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Abstract: During development, zebra finches learn a distinct stereotyped song, which they are 
then able to consistently perform hundreds of times a day over many years. The long-term 
performance of this complex, learned behavior depends on auditory feedback for maintenance. 
Conditional aversive auditory feedback (CAAF) results in short-term adaptive plasticity of the 
acoustic structure of song. This externally reinforced sensory-motor learning may be related to 
the self-evaluation between motor performance and a sensory representations that guides normal 
song learning and maintenance (Leonardo & Konishi, 1999; Tumer & Brainard, 2007; Andalman 
& Fee, 2007). The auditory area called HVC shelf is known to be responsive to AAF 
(Hamaguchi et al., 2014) and provides inputs to AIV, a region that potentially drives dopamine 
signaling in VTA (Mandelblat-Cert et al., 2014), closing a loop from auditory circuits to a 
potential reinforcement signal that impacts multiple song motor nuclei as well as the song-related 
basal ganglia (area X). 
This pathway may be critical for identifying sensory errors and modulating vocal performance 
adaptively. To date, there is little known about how vocal performance errors are encoded in the 
HVC shelf, and what role they play in song adaptation seen under CAAF. In this study, we use 
fiber photometry to record neural activity via genetically-encoded calcium indicators (GECIs) 
from identified projection neuron types in HVC and HVC shelf. AAF is probabilistically 
presented at a specific point in the song, triggered based on a custom low-latency syllable 
detector. Using a GECI targeting subpopulations of projection neurons in HVC, we are able to 
disambiguate CAAF responses arising in HVC shelf from potential adaptation of motor related 
signals in HVC. This work both expands fiber photometry methods enabling optical interfacing 
with specific brain regions and develops our understanding of how sensory error signals are used 
in maintenance and modification of learned, complex motor behaviors. 
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Abstract: Social equity reduces physiological reactivity to stressors, while social inequity causes 
emotional distress. Mast cells are immune cells that are found in the brain and affect neuronal 
system and emotional behavior, independent of the animal's immune status. To determine the 
role of neuro-immunity in emotional behaviors, we observed the brain mast cells and the 
anxiety-like behaviors of rats exposed to electrical foot-shock distress with different social 
environment. There were no differences in body weight and sucrose preference among all 
assigned rats. The fear memories were augmented in shock-exposed rats with nonshock- or 
shock- exposed conspecifics compared to solitarily shock-exposed rats. After fear conditioning, 
shock-exposed rats with nonshock-exposed conspecifics showed intensified anxiety-like 
behaviors. Importantly, we found the increase of habenular mast cell numbers in intensified 
anxiogenic groups. The number of mast cells in lateral habenula had a significant correlation 
with initial decreasing rate of anxiety-like behaviors. Taken together, present study demonstrates 
that social inequity induces anxiety-related emotional alteration and mast cell changes in the 
habenula. It provides evidences for the affective behavioral importance of mast cell links in 
social stress and suggests the functional role of habenular mast cells for helping to relieve a 
social stress caused exaggerated biopsychological responses. (Supported by NRF-
2013R1A1A1057712 and NRF-2014R1A2A2A04007391) 
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Abstract: Neuroinflammation affects mood, cognition, and behavior and is linked with the 
etiology of psychiatric disorders, including anxiety and depression. Repeated social defeat (RSD) 
is a murine stress model that recapitulates many of the immune and behavioral outcomes of 
stress. For instance, RSD activates fear/stress neurocircuitry, accompanied by microglial 
activation, increased pro-inflammatory signaling and the promotion of anxiety. We have reported 
that a key part of RSD-induced anxiety is the trafficking of inflammatory Ly6Chi monocytes 
from the bone marrow to fear and threat appraisal center of the brain. We hypothesize that the 
site-specific trafficking of Ly6Chi monocytes to the brain is caused by active recruitment directed 
by resident microglia. To address this, we used the colony-stimulating factor (CSF)-1 antagonist, 
PLX5622, to eliminate microglia and determined their role in RSD induced macrophage 
recruitment to the brain and the induction of anxiety. In these experiments C57/BL6 mice were 
feed control or PLX5622 diet for 14 days and remained on diet with exposure to RSD. We first 
confirmed that mice feed the PLX5622 diet had a 99% reduction in brain microglia by cell flow 
cytometry, histology, and mRNA analyses. PLX5622 intervention alone, however, had no effect 
on myeloid cells in the bone marrow or in circulation. In addition, PLX5622 intervention and the 
elimination of resident microglia had no effect on stress-dependent increase in myelopoiesis in 
bone marrow and enhanced accumulation of Ly6Chi monocytes in circulation. PLX5622 
intervention did not affect the stress induced up regulation of vasculature adhesion molecules 
(ICAM and VCAM) but blocked vascular expression of IL-1 receptor. Importantly, microglia 
elimination abrogated the recruitment of Ly6Chi monocytes to the brain with stress. This 
blockade was associated with attenuated neuroinflammatory signaling with stress (reduced IL-
1β, CCL2, CCR2, IL-6, TNFα). Moreover, microglia elimination and the absence of 
inflammatory monocytes prevented the induction of anxiety-like behavior with stress. Taken 



together, these data indicate that repeated social defeat activates microglia, which selectively 
recruit inflammatory monocytes to the brain that augment neuroinflammatory signaling and 
promote anxiety-like behavior. 
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Abstract: Objective: Neuronal dysfunction caused by neuroinflammation triggered by the 
stimulation of matrix metalloproteinases and the subsequent release of pro-inflammatory 
cytokines, as a result of oxidative stress and mitochondrial dysfunction, is one of the probable 
mechanisms involved in the pathogenesis of autism spectrum disorders (ASD). The aim of the 
present study was to explore the ameliorative potential of resveratrol on neuroinflammation in 
the experimental paradigm of neuroinflammatory model of ASD in rats. Method: 1M Propanoic 
acid (PPA)(4µl) was infused over 10 minutes into the anterior portion of the lateral ventricle to 
induce ASD like symptoms in rats. Resveratrol (5, 10 and 15 mg/kg) was administered starting 
from the 2nd day of the surgery and continued upto 28th day. Rats were tested for various 
behavioural paradigms such as social interaction, stereotypy, locomotor activity, anxiety, 
novelty, depression, spatial learning, memory, repetitive and pervasive behaviour between the 
7th day and 28th day. In addition, biochemical tests for oxidative stress, mitochondrial 
complexes, TNF-alpha and MMP-9 were also assessed. Results: Treatment with resveratrol for 



four weeks restored, significantly and dose dependently, all the neurological, sensory, 
behavioural, biochemical and molecular deficits in PPA induced autistic phenotype in rats. 
Conclusion: The major finding of the study is that resveratrol restored the core and associated 
symptoms of autistic phenotype by suppressing oxidative-nitrosative stress, mitochondrial 
dysfunction, TNF-alpha and MMP-9 expression in PPA induced ASD in rats. Therefore, 
resveratrol might serve as an adjunct potential therapeutic agent for amelioration of 
neurobehavioural and biochemical deficits associated with autism spectrum disorders. Keywords: 
Autism spectrum disorders (ASD), resveratrol, neurobehavioural, oxido-nitrosative stress, TNF-
alpha, MMP-9 
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Abstract: Physical exposure to or witnessing social stressors is known to result in the 
development of depression, which has been associated with elevated peripheral and central 
inflammation. While women are more susceptible to developing depression than men, the 
mechanism by which this occurs is unknown. A major system implicated in depression is 
dysregulation in the locus coreuleus (LC)-norepinephrine (NE) system. Inflammation and 
estrogen have both been shown to increase NE release from the LC, suggesting a mechanism of 
increased stress sensitivity in females. Therefore, we utilized a model of social defeat stress to 
determine differences in stress-induced inflammation between (1) physical (defeated intruder) 
vs. psychologically stressed (witness) male rats, (2) female intact vs. ovarectomized (OVX) 
witness rats, and (3) peripheral vs. central responses to social defeat or witness stress in males 
and females. Male Sprague Dawley rats were randomly assigned into control, intruder or witness 



groups. Female Sprague Dawley rats were assigned into control/witness and intact /OVX groups. 
Intruders were placed into the home cage of a novel Long Evans retired breeder (resident) for 15 
mins on 5 consecutive days. Each intruder was paired with a witness, which was placed behind a 
plexi-glass partition in the resident cage for the duration of the intruder defeat exposure. 4 days 
after the 5th stress/control exposure, a sucrose preference test was administered and 24 hrs later 
all stressed rats were re-exposed to the defeat environment in the absence of the resident (15 
mins) followed immediately by plasma/tissue collection. Bio-plex analysis of circulating 
cytokines indicated moderate increases in cytokine expression in male intruders, while male 
witnesses did not differ from controls. The cytokine response of both intact and OVX female 
witnesses was significantly elevated from controls, although baseline inflammation was greater 
in OVX controls. Analysis of sucrose preference indicated that only intact female witnesses 
exhibited anhedonia. These data indicate that females, regardless of intact or OVX exhibit a 
more sensitized peripheral inflammatory response to witnessing social stress as compared to 
males. However, anhedonia was only observed in intact females suggesting that this depressive-
like behavior is not driven by peripheral inflammation. Alternatively, ongoing studies are 
assessing whether intra-LC inflammation contributes to the depressive-like responses in intact 
females. Furthermore, this enhanced behavioral sensitivity may be reliant upon the effects of 
estrogen in the stress sensitive LC. Support: 15SDG22430017 and P20GM103641 
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Abstract: Perivascular macrophages (PVM) are hematopoyetic cells that migrate to the brain 
perivascular space modulating the interactions between the immune and central nervous systems 
(CNS). Previously, their depletion with the icv administration of the pro-apoptotic drug 
clodronate encapsulated in liposomes increased the vascular production of the proinflammatory 
prostaglandin PGE2, the release of ACTH, corticosterone and fever, induced by the intravenous 
administration of Lipopolysaccharide. Further studies also demonstrated a decrease in the 
synthesis of the antiinflammatory prostaglandin 15d-PGJ2. With this background, we decide to 
explore the mechanisms involved in the anti-inflammatory profile of PVM by depleting them in 
a model of depression induced by chronic mild stress (CMS) exposure in rats. Our results 
showed an increase of cytokines TNFα, IL-1 and IL-6 at mRNA levels in the prefrontal cortex of 
the groups where the PVM were depleted, as well as in the protein levels of nuclear factor NF-
ĸB, the enzymes proinflammatory iNOS, COX-2 and m-PGES-1 and their product PGE2. A 
concomitant decrease of the 15d-PGJ2 mediator was also observed. In addition we also checked 
whether the depletion of PVMs could regulate the expression of molecules implicated in the 
leukocyte traffic and infiltration in the CNS in our CMS model. Thus the mRNA levels of the 
chemokines MCP-1, fractalkine and the adhesion molecule VCAM appeared increased in the 
animals without PVMs. In summary our results could suggest a potential anti-inflammatory role 
for PVMs in a depression model chronic stress-induced as CMS. 
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Abstract: The connection between inflammation and various disease pathologies is strongly 
confirmed in the existing literature, as is the connection between stress and immune function. 
Here we present data from a series of studies designed to examine the relationship between 
stress, inflammation, and amyloid-beta production. First we examined how two different 
stressors, repeated social defeat and social isolation, influence the pro-inflammatory cytokine 
response to lipopolysaccharide (LPS). Results from this study provide evidence that both 
paradigms are capable of increasing the inflammatory response to LPS. Additionally, we found 
that stress can increase expression of the pro-inflammatory primer, high mobility group box 1 
(HMGB1). Following this, we studied the effect of stress on inflammation-induced amyloid-beta 
production in a non-transgenic model, using C57BL6/J mice. After completion of a stress 
protocol, animals were treated with either LPS or saline once per day for seven consecutive days. 
Results show that the treatment with LPS increases expression of amyloid-beta in the 
hippocampus, and that stress exacerbates LPS-induced expression of hippocampal amyloid-beta. 
We also show that LPS-induced elevations in hippocampal amyloid-beta are sufficient to induce 
cognitive deficits in a contextual fear conditioning paradigm. Taken together, our results support 
the hypothesis that stress and inflammation can interact to increase amyloid-beta production. 
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Abstract: Background: Genome scale comparison of mononuclear cell transcriptional 
engagement following a common trigger of delivery, allows an unbiased window into 
differential systemic immune alterations during the triggering of postpartum depression. 
Methods: Reproductive steroid hormones and blood mononuclear transcriptional signature 
immediately following delivery were compared between mothers developing a depressive 
episode and those who remained unaffected upon prospective follow up. Results: Bioinformatic 
analyses demonstrated altered immune - inflammatory activation among mothers developing a 
depressive episode. Differently expressed transcripts enriched Pathways supporting altered 
mononuclear cell activation accompanying the development of a depressive episode. 
Reproductive hormones did not show significant differences among depressed mothers. 
Discussion: Genome scale expression changes immediately following delivery implicate altered 
mononuclear cell immune activation among mothers developing a depressive episode upon long 
term follow. Immune activation may be mechanistically involved in depression pathogenesis 
through neural - immune signaling. This work was supported by a NARSAD independent 
investigator award, an Israel Science Foundation Grant 1563-08 and the Herman Dana 
Foundation 
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Abstract: Maternal infections during pregnancy have been identified as a risk factor for the 
development of neurological and psychiatric disorders in the progeny; a condition that is 
mimicked by prenatal exposure of rats to lipopolysaccharide (LPS). In this model, the resultant 
offspring will experience impaired learning and psychotic-like behaviors. Thus, we explored the 
changes in the synaptic strength of glutamatergic inputs converging on area CA3 of the 
hippocampus as well as the interneuron-mediated inhibition of animals exposed to prenatal 
infection (LPS administration on gestational days 15 and 16, 100 µg/Kg). A histological analysis 
revealed a structural disorganization of the dentate granule cell layer and pyramidal cell layer of 
the hippocampus of animals prenatally exposed to LPS. The strength of the glutamatergic inputs, 
assessed by mean of input-output curves (I-O curves), indicate an increase in the excitability 
ratio of the perforant path to dentate granule cells (PP-DG) synapse and the PP-CA3 pyramidal 
cells (PP-CA3) synapse. The increased excitability was also found in the mossy fiber-CA3 
synapse (MF-CA3). Paired-pulse protocols were used to unmask changes in the interneuron-
mediated inhibition and short-term synaptic enhancement of these synapses. Compared to 
control, the PP-DG, PP-CA3, and MF-CA3 synapses exhibited a decreased index of depression. 
Conversely, the three synaptic inputs exhibited an increased index of facilitation. These 
electrophysiological alterations indicate an imbalance in the inhibition/excitation ratio as a 
consequence of the exposure to LPS. As the synaptic interactions between DG and area CA3 
take part in the transfer of the somatosensorial information arriving from the entorhinal cortex, 
the synaptic imbalance observed in this study, may represent the mechanistic basis underlying 
the cognitive impairment triggered by prenatal infections. 
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Abstract: Sleep loss are common in today’s society. Sleep deprivation can have serious 
consequences on health affecting cardiovascular, immune and the central nervous system (CNS), 
among others. Interestingly, sleep difficulties have also been associated with intestinal 
microbiota dysbiosis and changes in protein expression of the CNS. Early classical experiments 
transferring cerebrospinal fluid (CSF) from sleep-deprived animals into rested non-deprived 
animals established that the homeostatic control of sleep involved the accumulation of sleep-
inducing substances. Later studies identified fragments of bacterial cell wall products called 
muramyl peptides (MPs) as important sleep-inducing substances. Although it was known that 
MPs could be produced by phagocytosis of gram-negative and gram-positive bacteria, whether 
the bacterial source came from opportunistic infections, endogenous bacteria or contamination 
has been the subject of a long-standing debate and speculation. Here we take advantage of the 
sequencing tools available in our genomic era and the Drosophila melanogaster, to shine a light 
into this issue. We show for the first time that: 1) sleep deprivation leads to a global decrease in 
the number of gut microbes and alters the relative abundance of specific bacterial strains and; 2) 
these changes depend on the translational repressor Pumilio since knock-down of this gene 
prevent these alterations; 3) rearing the fruit flies with broad-spectrum antibiotics produced a 
decrease in total sleep. Taken together, these results indicate that gut microbes are affected by 
sleep deprivation and may play a role in sleep homeostasis. Given the alarming increases in the 
prevalence of chronic sleep deprivation and related disorders in our society and the accessibility 
of gut microbes, our findings could provide the basis for both diagnostic tools for sleep 
conditions as well as novel treatments. 
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Abstract: Stress sensitizes the neuroinflammatory as well as the microglial pro-inflammatory 
response to subsequent immune challenges. Much of this prior work has focused, in large part, 
on hippocampal microglia. Recent evidence suggests that the amygdala is particularly sensitive 
to the pro-inflammatory effects of stress, however, it is unknown whether stress primes the pro-
inflammatory response of amygdalar microglia to subsequent immune challenges. To address 
this question, we examined the effects of acute stress on amygdalar microglia activation markers 
in vivo as well as the pro-inflammatory response of isolated amygdalar microglia ex vivo. Male 
Sprague-Dawley rats were exposed to inescapable tailshock (IS; 100 shocks, 1.6 mA, 5 sec ITI) 
or served as home cage controls (HCC). 8 days post-IS exposure, amygdala was dissected and 
microglia immunophenotype was characterized using real time RT-PCR. In addition, protein 
levels of the alarmin HMGB1 were measured. In the amygdala, we found that IS increased 
HMGB1 protein and mRNA, NLRP3 mRNA and NFKBIA mRNA, but decreased mRNA levels 
of CD200R and MHCII. In addition, IS increased the expression of the microglia inhibitory 
ligands CD200 and CX3CL1. Notably, the ratio of CX3CR1 to CX3CL1 (1.09) in IS subjects did 
not significantly differ from HCC (1.22). However, exposure to IS induced a profound 
downward shift in the ratio of CD200R to CD200 (3.91) compared to HCC (13.28). Importantly, 
IS exposure failed to affect pro-inflammatory cytokine (IL-1 beta, TNFa and IL-6) expression 
suggesting that stress primes rather than activates amygdalar microglia. To test this notion, 
microglia were isolated from amygdala 8 days after exposure to IS using a Percoll density 
gradient. Amygdalar microglia were then treated with LPS (0, 1, 10 and 100 ng/ml) for 2h ex 
vivo and pro-inflammatory cytokine expression measured. Prior exposure to IS potentiated the 
pro-inflammatory cytokine (IL-1 beta, TNFa) response of amygdalar microglia indicating that IS 
primes amygdalar microglia to subsequent immune challenges. The present results suggest that 
acute stress induces a protracted priming of amygdalar microglia. Further, these priming effects 
may be the result of stress-induced dis-inhibition of microglia through down-regulation of the 
microglial inhibitory receptor CD200R. 
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Abstract: Background: Exposure to stimulant drugs has been increasing in recent years among 
children and adolescents, during critical periods of brain development. Understanding their 
mechanism of action, or long term molecular effects, is hindered by lack of access to relevant 
brain cells in humans. Methods: Children diagnosed with Attention Deficit Hyperactivity 
Disorder (ADHD) underwent a computerized assessment of their clinical response to an initial 
methylphenidate trial. Quantitative changes in continuous computerized performance measures 
was compared between the baseline drug naïve state and peak methylphenidate effect, and 
correlated with simultaneous mononuclear cell genome scale transcriptional reactivity. Results: 
Transcriptional changes following methylphenidate exposure among children demonstrating a 
concomitant prospectively documented clinical response, point to predictive clinical drug 
response biomarkers, as well as implicate potentially relevant mechanistic drug targets. 
Conclusions: Prospectively documented systemic transcriptional reactivity following initial 
methylphenidate exposure among previously drug naïve children diagnosed with ADHD, may 
offer a surrogate venue offering insight into molecular pathways of methylphenidate action. This 
work was supported by an Israel Ministry of Health Chief Scientist grant and the Herman Dana 
Foundation. 
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Abstract: Introduction: patients with major depression who are otherwise medically healthy 
have activated inflammatory pathways. It has been described that depression is not only escorted 
by inflammation but also by induction of multiple oxidative/nitrosative stress pathways. 
Nevertheless, there are finely regulated mechanisms involved in preserving cells from damage, 
such as the nuclear factor Nrf2. 
Aims: to explore in a depression-like model the Nrf2 pathway in the prefrontal cortex (PFC) and 
the hippocampus of rats and to analyze which classic antidepressants affect the antioxidant 
activity of the Nrf2 pathway. 
Methods: male Wistar rats were exposed to chronic mild stress (CMS) and some of them were 
treated with desipramine, escitalopram or duloxetine. We studied the expression in the PFC and 
hippocampus of upstream and downstream elements of the Nrf2 pathway and the oxidative 
damage induced by the CMS. 
Results: after exposure to a CMS protocol, in the PFC, there is an inhibition of upstream and 
downstream elements of the Nrf2 pathway. Moreover, antidepressant treatments, particularly 
desipramine and duloxetine, are able to recover some of these elements and to reduce the 
oxidative damage induced by the depression model. In the hippocampus however, Nrf2 pathways 
are not that affected and antidepressants do not have many actions. 
Conclusions: Nrf2 pathway is differentially regulated by antidepressants in the PFC and 
hippocampus. The Nrf2 pathway is involved in the oxidative/nitrosative damage detected in the 
PFC after CMS exposure. However, it seems that Nrf2 is not very involved in the effects caused 
by the CMS in the hippocampus. 
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Abstract: Social stressors and bacterial endotoxins known to elicit anxiety- and depressive-like 
behaviours in mice increase pro-inflammatory cytokines in stress-sensitive brain regions and 
disturb microbial communities in the gastrointestinal tract. Appreciable evidence indicates that 
interventions that target the gut microbiome may modulate peripheral and brain cytokines and 
come to affect neurochemical processes and behaviour. The aim of the current study was to 
examine whether promoting a healthy gut microbiota via a probiotic treatment would prevent 
variations of the pro-inflammatory cytokines interleukin (IL)-1β, IL-6, and tumor necrosis factor 
(TNF)-α in the prefrontal cortex (PFC) elicited by a social stressor or an immune challenge. CD-
1 male mice received a probiotic mixture (L. helveticus and B. longum; 1 x 109 colony forming 
units/day) or a placebo daily for 3 weeks. A subset of mice then experienced an acute (15 min) or 
a chronic (15 min on each of 10 consecutive days) social defeat stressor or their respective 
control conditions whereas another subset received an intraperitoneal injection of the bacterial 
endotoxin lipopolysaccharide (LPS; 10 µg) or a saline solution (n=10/group). Locomotor activity 
was monitored for 90 minutes following the stressor or immune challenges after which blood and 
brain tissue from the PFC were collected for the determination of plasma corticosterone levels 
and gene expression of pro-inflammatory cytokines, respectively. Elevations of plasma 
corticosterone levels and of prefrontal IL-6 mRNA expression elicited by the social stressors and 
LPS were not prevented by the 3-week probiotic treatment. Curiously, IL-1β expression in the 
PFC was altered only when the social stressors or LPS were administered to probiotic-treated 
mice. These results suggest that gut microbial influences on brain inflammatory activation 
elicited by stressor or endotoxin challenges might be cytokine-specific. 
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Abstract: Exposure to chronic stress often elevates basal circulating glucocorticoids during the 
circadian nadir and leads to exaggerated glucocorticoid production following exposure to 
subsequent stressors. While glucocorticoid production is primarily mediated by the 
hypothalamic-pituitary-adrenal (HPA) axis, there is evidence that the sympathetic nervous 
system (SNS) can affect diurnal glucocorticoid production by direct actions at the adrenal gland. 
Experiments here were designed to examine the role of the HPA and SNS in enhancing 
corticosterone production following chronic stress. Rats were exposed to a four-day stress 
paradigm or control conditions then exposed to acute restraint stress on the fifth day to examine 
corticosterone and ACTH responses. Repeated stressor exposure resulted in a small increase in 
corticosterone, but not ACTH, during the circadian nadir, and also resulted in exaggerated 
corticosterone production 5, 10, and 20 min following restraint stress. While circulating ACTH 
levels increased after 5 min of restraint, levels were not greater in chronic stress animals 
compared to controls until following 20 min. Administration of astressin (a CRH antagonist) 
prior to restraint stress significantly reduced ACTH responses but did not prevent the sensitized 
corticosterone response in chronic stress animals. In contrast, administration of chlorisondamine 
(a ganglionic blocker) returned basal corticosterone levels in chronic stress animals to normal 
levels and reduced early corticosterone production following restraint (up to 10 min) but did not 
block the exaggerated corticosterone response in chronic stress animals at 20min. These data 
indicate that increased SNS tone contributes to elevated basal and rapid glucocorticoid 
production following chronic stress, but HPA responses likely mediate peak corticosterone 
responses to stressors of longer duration. Future studies are aimed to investigate the role brain 
cytokines play in the over-activation of the SNS following chronic stress and to use Designer 
Receptors Exclusively Activated by Designer Drugs (DREADDs) techniques to activate major 
control regions for sympathetic output such as the rostral ventrolateral medulla and measure 
glucocorticoid production. 
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Abstract: Corticosterone (CORT), the predominant end product of the hypothalamus pituitary 
adrenal axis in mice, is a stress response hormone which is classically anti-inflammatory. Recent 
evidence has shown that CORT can mediate the neuroimmune sensitisation effects of stress in 
mice, which could contribute to the neuroimmune involvement in stress-related disorders. This 
study investigates the conditions in which CORT can prime the immune system, by measuring 
the effects of CORT pre-treatment on BV2 mouse microglia-like cells and RAW264.7 mouse 
macrophage-like cells on subsequent immune responses to Lipopolysaccharide (LPS) exposure 
in vitro.Results from this current study demonstrated both anti- and pro-inflammatory actions of 
CORT. CORT was anti-inflammatory in all measures at a high physiological dose (500nM). 
Low-dose (50nM) CORT however increased IL-1β conversion and release in BV2 but not 
RAW264.7 cells, only after removal of CORT pre-treatment before addition of LPS. This 
sensitisation was not found in IL-6 responses to the same dose of LPS. Low-dose CORT also 
increased nuclear translocation of NF-κB p65, a pro-inflammatory transcriptional factor, while 
retaining the ramified morphology of BV2 cells during LPS treatment. These results suggest that 
mild elevations in CORT, a common occurrence in stress-related disorders such as depression, 
causes selective adaptations in microglia to over-respond to a second immune challenge in a non-
classical manner, thus partially explaining both pro- and anti-inflammatory effects of CORT 
reported in the literature. CORT-induced mRNA expression changes in the Toll-like receptor 4, 
inflammasome, and steroid receptor pathways in response to LPS administration will be 
explored, to further explain the mechanisms behind this selective sensitisation in BV2 cells. 
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Title: Microbiome and behavior: Immunization with a heat-killed preparation of the 
environmental bacterium Mycobacterium vaccae promotes stress resilience in mice 
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Abstract: The prevalence of inflammatory diseases is increasing in modern urban societies. 
Inflammation increases risk of stress-related pathology; consequently, immunoregulatory or anti-
inflammatory approaches may protect against negative stress-related outcomes. To test this 
hypothesis, we immunized (3 x weekly immunizations) adult male mice with a heat-killed 
preparation of the immunoregulatory bacterium, Mycobacterium vaccae (NCTC 11659), or 
vehicle and then evaluated gut microbiome and defensive behavioral responses during exposure 
to the chronic subordinate colony housing (CSC) model of chronic psychosocial stress, as well as 
immunologic responses and anxiety-like behavioral responses following the CSC procedure. 
Briefly, CSC exposure consisted of co-housing four subordinate mice with one dominant 
resident mouse for a period of 19 days. Subordinate mice were moved to the cage of a new, 
dominant male aggressor on days 8 and 15. Single housed mice were used as controls. We show 
that stress disrupts the homeostatic relationship between the microbiota and the host, resulting in 
exaggerated inflammation, as assessed by histological damage to the colon, stress-induced 
exaggeration of dextran sulfate sodium-induced colitis (a murine model of inflammatory bowel 
disease) and increased release of interferon-γ and interleukin-6 from freshly isolated mesenteric 
lymph node cells stimulated with anti-CD3 antibody in vitro. Repeated immunization with a 
heat-killed preparation of M. vaccae reduced subordinate, flight, and avoiding behavioral 
responses to a dominant aggressor in a murine model of chronic psychosocial stress when tested 
1-2 wk following the final immunization. Furthermore, immunization with M. vaccae prevented 
stress-induced spontaneous colitis and, in stressed mice, induced anxiolytic or fear-reducing 
effects as measured on the elevated plus-maze, despite stress-induced gut microbiota changes 
characteristic of gut infection and colitis. Immunization with M. vaccae also prevented stress-
induced aggravation of colitis in a model of inflammatory bowel disease. Depletion of regulatory 
T cells negated protective effects of immunization with M. vaccae on stress-induced colitis and 
anxiety-like or fear behaviors. Consistent with long-term effects of M. vaccae immunization on 
neural systems implicated in control of emotional behavior, immunization with M. vaccae 
increased tryptophan hydroxylase 2 mRNA expression in the dorsal raphe nucleus, regardless of 
prior stress exposure. These data provide a framework for developing microbiome- and 
immunoregulation- based strategies for prevention of stress-related pathologies. 
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Abstract: Microglia are the innate immune cell within the central nervous system. They are 
highly motile, phagocytic cells that actively scan their microenvironment and are capable of 
releasing various signaling molecules including inflammatory cytokines (e.g. IL-1, TNF-alpha, 
and IL-6) that are potent inducers of both behavioral and physiological processes. Recent studies 
have indicated that stress has profound impacts on microglia morphology, density, proliferation, 
and activation state, which implicate their role in certain pathologies. Our lab has previously 
shown that exposure to chronic stress induces anhedonic behavioral responses in Fischer rats 
approximately 5-days after stressor onset. To examine the activation state of microglia at this 
time, rats were exposed to a four-day chronic mild stress protocol. Twenty-four hours after the 
last stressor rats were euthanized and microglia isolated from the hippocampus were placed in 
culture with or without further stimulation. After 4h in culture basal IL-1, TNF-alpha, and IL-6 
protein production were not altered in microglia collected from stressed animals compared to 
microglia collected from controls. Interestingly, after LPS stimulation IL-1 production was 
attenuated in microglia collected from stressed animals while there were no changes in the 
production of TNF-alpha or IL-6. Current studies are examining the effect of stress on 
phagocytosis, an important function of microglia in clearing debris from the brain such as 
amyloid-beta, by incubated microglia with latex beads coated with fluorescently-labeled rabbit 
IgG. Prior research has suggested that chronic stress induces microglia to transition from a 
surveillance state to a more active state characterized by increase in microglial activation marker 
Iba-1. Here, we report no increase in basal IL-1 production following 5-days of stressor exposure 
and a suppression in IL-1 production following LPS challenge. 
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Abstract: Psychological stress can induce depression and anxiety, and numerous studies suggest 
involvement of the immune system in these effects. The amygdala is sensitive to stress and may 
be an intermediary in the link between immune function and depression and anxiety. Repeated 
social defeat stress (RSDS) is a powerful model of social stress with known impact on immune 
function. The peripheral immune system includes pro-inflammatory and anti-inflammatory 
aspects that, as a whole, may exert very different influences on behavior. The aim of this study is 
to (1) determine the effect of RSDS on the balance between pro-inflammatory and anti-
inflammatory aspects of peripheral immune function, and (2) determine if a shift in this balance 
causes a change in amygdala function. Adult male Sprague Dawley rats underwent RSDS by 
exposure to the resident-intruder model using unfamiliar aggressor Long Evans rats for five 
consecutive days, or control handling. After three days the following were evaluated: (a) 
peripheral circulating T-cell counts and their intracellular cytokine profile (Th1, Th2) by flow-
cytometry, (b) pro- and anti-inflammatory serum cytokine levels by ELISA, and (c) anxiety-like 
behavior in the open field test (OFT). RSDS decreased the frequency of CD4+ T-cells with no 
changes in that of the CD8+ T-cells. Frequency of CD4+ T-cells positive for the Th2-like 
cytokine was reduced without any alteration in those of the CD8+ T-cells. Additionally, RSDS 
caused changes in many different serum cytokines. OFT showed that RSDS induced an increase 
in anxiety-like behavior. To test whether a pro-inflammatory state can induce a change in the 
amygdala physiology, in vivo extracellular electrophysiological recordings of the basolateral 
amygdala (BLA) were performed in a different set of rats that underwent peripheral immune 
challenge with interleukin-1β. Interleukin-1β caused a trend of a time-dependent alteration of the 
evoked local field potential as well as alteration of the spontaneous neuronal firing-rate in the 
BLA. Taken together, these data suggest that RSDS shifts immune balance, and that a shift in 
immune balance impacts BLA neuronal activity. This could contribute to the effects of RSDS on 



anxiety behavior. The results have implications in understanding how chronic stress might alter 
BLA physiology by recruitment of the peripheral immune system. 
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Abstract: Approximately 7 million of the 20+ million sufferers of Major Depressive Disorder 
(MDD) do not respond to classical anti-depressant treatment termed treatment resistant 
depression (TRD). Sickness behavior and depression share multiple characteristics, suggesting 
that inflammation may contribute to a depressive phenotype. Indeed, cytokines, most notably 
tumor necrosis factor (TNF), are elevated in depressed patients, and a recent trial demonstrated 
that a subset of TRD patients with elevated levels of inflammatory c-reactive protein (CRP) 
improve following treatment with infliximab, a non-selective TNF antagonist. Unfortunately, 
commercially available non-selective TNF antagonists have an unacceptable safety profile; 
including increased risk of immunosuppression and demyelinating neurologic disease due to 
action at both soluble TNF (solTNF) and transmembrane TNF (tmTNF). While solTNF drives 
chronic inflammatory disease, tmTNF facilitates innate immunity to infection and myelination. 
Here we tested whether administration of a novel, brain permeable, selective inhibitor of solTNF, 
XPro1595, attenuates depressive- and anxiety-like behaviors and inflammation in a mouse model 
of depression. Adolescent male and female C57BL/6 mice were bred in house and subjected to 
chronic psychological stress for 15 consecutive days (P35 - P50) then tested for a depressive-like 
phenotype (sociability and sucrose preference). Mice were then subject to an additional 15 
consecutive days of stress while receiving XPro1595 (10 mg/kg; sc) or vehicle (saline) treatment 
every third day, and then retested for a depressive- and anxiety-like phenotype (sociability, 
sucrose preference, and open field). Plasma inflammation was measured every 2 weeks during 



stress testing, and hippocampus and prefrontal cortex were collected at end-point to measure 
peripheral and central inflammation. Our data indicate that chronic adolescent stress induces 
depressive-like behavior that can be ameliorated by solTNF antagonism using XPro1595. Sexual 
dimorphisms exist in several measures, and solTNF inhibition in the absence of stress induces 
abnormal social behavior. Together, these data will lend insight into how to select a target 
population for sequestration of solTNF by XPro1595 to improve quality of life for individuals 
suffering from TRD. [Funding by 1R43MH105048-01]. 
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Abstract: Adolescence is a developmental period sensitive to perturbations that can affect adult 
neuronal and behavioral processes associated with internalizing disorders, like anxiety and 
depression. Asthma is a common chronic health challenge during adolescence, affecting 9% of 
U.S. adolescents, and often comorbid with anxiety and depression. However, little is known 
about the neurobehavioral impacts of this chronic adolescent challenge. Microglia, the resident 
immune cells of the brain, become activated in response to peripheral insult, and their over-
activation has been implicated in neuropsychiatric disorder development. The mechanism 



underlying the comorbidity of asthma and internalizing disorders, and the involvement of 
microglia in this relationship, has not been established. The present study implemented a mouse 
model of chronic adolescent asthma to investigate the physiological properties that underlie the 
connection between asthma and anxiety, as well as the potential involvement of microglia. Three 
experimental groups, consisting of male and female BALB/c mice, were designed to examine the 
components of an asthma attack: (1) “Airway inflammation” via repeated house dust mite extract 
(HDM) exposure; (2) “Labored breathing” via methacholine (MCH) exposure; and (3) “Airway 
inflammation and Labored breathing” via both HDM and MCH exposure. As adults, MCH 
animals demonstrated an anxious phenotype, spending 30% less time on open arms of the 
elevated plus maze compared to non-MCH animals. These mice also had decreased serotonin 
transporter gene expression in the brainstem, which is consistent with findings supporting low 
serotonin transporter activity as a risk for developing anxiety. Additionally, MCH animals 
demonstrated elevated serotonin receptor 1a, mineralocorticoid, and Cd11b expression in the 
hippocampus compared to non-MCH mice (Cd11b expression indicates microglia activation). 
HDM-exposed mice exhibited 50% less basal circulating corticosterone levels compared to 
controls. Preliminary results for hippocampal gene expression of Cd11b revealed a sex 
difference in HDM-MCH animals, with females exhibiting higher levels. The results of the 
present experiment indicate that clinical symptoms of chronic asthma, particularly labored 
breathing, during adolescence lead to increased adult anxiety-related behavior and brain 
function. 
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Abstract: Asthma is a stressful chronic disease with high prevalence among adolescents. 
Moreover, increased rates of internalizing disorders are reported in humans with asthma. The 
current study aimed to identify alterations in adult anxiety- and depression-like behaviors, 
glucocorticoid production, and hippocampal gene transcription resulting from symptoms of 
adolescent allergic asthma. To mimic adolescent allergic asthma symptoms, we exposed male 
BALB/cJ mice to inhaled house dust mite extract to stimulate lung inflammation, and/or to 
inhaled methacholine to stimulate bronchoconstriction. Basal glucocorticoid and 
proinflammatory cytokine production and anxiety- and depression-like behavior were measured 
in adulthood. Hippocampal gene expression was then measured using RNA sequencing. 
Transcriptional data were analyzed for asthma-induced changes by: (1) differential gene 
expression, and (2) gene co-expression using Weighted Gene Co-expression Network Analyses 
(WGCNA). Adolescent bronchoconstriction caused increased adult anxiety- and depression-like 
behavior (less time on open arms of elevated plus maze and increased immobility in forced swim 
test) compared to animals that did not experience bronchoconstriction. Bronchoconstriction was 
also associated with altered neuroendocrine function as indicated by a reduction in basal 
glucocorticoid levels. Alternatively, mice that experienced airway inflammation had elevated 
proinflammatory cytokine levels, but there was no difference in basal glucocorticoid production, 
anxiety- or depression-like behavior. Bronchoconstriction-induced behavioral changes were 
accompanied by transcriptional enrichment of mechanistic target of rapamycin (mTOR) 
signaling pathways in the hippocampus. Prior research indicates that mTOR signaling is 
involved in regulation of protein translation and synaptogenesis. WGCNA revealed a module of 
co-expressed genes whose expression profile was associated with both anxiety-like behavior and 
experimentally-induced bronchoconstriction. Rictor, an essential subunit of mTOR protein 
complex 2 (mTORC2), was identified as an important regulator of gene expression in this 
module. Neuronal mTORC2 regulates dendritic morphology and synaptic function. Results 
suggest that anxiety-related behavior that results from adolescent bronchoconstriction is 
associated with aberrant hippocampal mTOR signaling. These findings raise the possibility that 
aberrant hippocampal synaptic plasticity, associated with mTOR signaling, contributes to 
increased anxiety-related behavior observed after repeated bronchoconstriction during 
development. 
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Abstract: Early life stress (ELS) affects permanently the development of the central nervous 
system (CNS) and increases the vulnerability to develop psychological disorders such as anxiety 
and depression in adulthood. These diseases are accompanied by inflammatory processes in the 
brain. Plus, exposure to infections during early stages sensitizes the neuroimmune system and 
increases the risk to develop psychopathology. Recently we showed that maternal separation 
(MS) activates microglial cells and induces the expression of IL-1β in the hippocampus. 
However it is not known how ELS affects the response of the neuroimmune system to an 
immune challenge. Therefore we studied the effect of MS followed by the administration of 
lipopolysaccharide (LPS) on the morphology of microglial cells and astrocytes in CA3 region 
and the Hilus of the hippocampus and on cytokine release at postnatal day (PN) 15. Male 
Sprague Dawley rat pups were subjected to MS (3h/day, PN1 to PN14) or remained undisturbed 
at the mother´s nest (Control). LPS (1mg/Kg bw) or vehicle was administered on PD14 to half of 
each group and they were subjected to the open field (OF) test 1h later. Some groups were 
sacrificed on PD15 for histological analyses. Other groups of pups were sacrificed 90 min after 
LPS injection (PN14) and the blood samples and hippocampi were collected. LPS treatment 
reduced the locomotion of control and MS pups in the OF test 1h later and reduced their body 
weight gain 24h later. LPS - induced Corticosterone levels were similar in both Control and MS 
groups. MS induced a mild decrease, but LPS alone or combined with MS reduced more the total 
number of microglial cells. Activation of microglial cells was observed in hippocampal CA3 and 
hilus of MS - Veh, it was increased in control - LPS, and was highest in MS - LPS pups. 
Astrocyte density was reduced in SM - Veh, Control - LPS and reduction was maximal in SM - 
LPS pups in CA3 area and hilus. In contrast, LPS induced an increased secretion of plasmatic IL-
1β, TNFα, IL-6, and of hippocampal IL-1b. However, MS imposed an attenuation of the 



cytokine response to LPS in the periphery and reduced IL-1 β protein levels in the hippocampus. 
We conclude that although the neuroimmune cells are highly activated by MS and LPS, stress 
induces the attenuation of the hippocampal and peripheral cytokine response by an unidentified 
mechanism. (CONACyT 243419). 
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Abstract: Parental exposures to environmental insults such as stress, diet, drugs or toxins have 
been linked with increased risk of neuropsychiatric disease in subsequent generations. Whereas 
the mechanisms by which maternal insults can impact fetal neurodevelopment have been widely 
investigated, how the paternal environment impacts future offspring health is not well 
understood. Rodent models, where males do not participate in offspring rearing, provide an 
exciting model for examining the unique epigenetic germ cell contribution to offspring 
development. Recent studies have shown that paternal exposure to a variety of perturbations can 
impact offspring behavior and physiology, and have identified changes in histone modifications, 
DNA methylation, and/or small non-coding RNAs in sperm as potential mechanisms of 
transmission. We have developed a paternal stress model in which offspring exhibit significantly 
blunted stress reactivity – a feature of many neuropsychiatric disorders. Mechanistically, we 
identified 9 microRNA (miRs) increased in paternal sperm following stress exposure. Zygote 
microinjection of these miRs recapitulated the blunted stress phenotype, providing evidence for a 



functional role for sperm miRs. Interestingly, RNA-seq analyses of the adult hypothalamus from 
zygote-microinjected offspring revealed dramatic transcriptional repression, suggesting an 
upstream epigenetic repressive mechanism that is developmentally programmed by paternal 
stress. However, how paternal experiences program lasting changes in the offspring brain and 
what these changes are is not known. Using single-cell amplification, we found that sperm-
derived miRs can regulate maternal mRNA stores in the zygote, and may direct developmental 
programming by targeting expression of epigenetic regulators. Indeed, RNA-seq analyses of 
embryonic day 12.5 brains demonstrate a robust, brain-specific reprogramming in the zygote-
microinjected embryos that include shifts in expression of many chromatin modifiers. Histone 
mass spectrometry of these embryonic brains confirm altered abundances of several histone post 
translational modifications, suggesting sperm miRs can alter the histone code that regulates 
offspring neurodevelopment. Ongoing studies examine the maintenance and mechanistic 
contribution of developmentally altered histone marks to the adult hypothalamic phenotype. 
These studies confer the importance of paternal experiences in influencing offspring health, and 
offer an exciting and novel epigenetic mechanism by which the male germ cell can reprogram 
offspring brain development. Supported by MH073030, MH099910, MH104184, MH108286. 
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Abstract: Many neurodevelopmental disorders are more prevalent in boys than girls. In our 
mouse model of early prenatal stress (EPS), stress exposure during the first week of gestation 
imparts long-term neurodevelopmental programming deficits in male offspring resulting in 
hypersensitivity to stress, cognitive impairments, and alterations in metabolic programming. The 
placenta, a fetally-derived organ reflecting fetal sex chromosome complement, acts as an 
arbitrator between the mother and fetus, providing necessary factors for early fetal 
neurodevelopment. Thus, sex differences in placental function may dramatically influence sex 
bias in vulnerability to prenatal insults. We previously identified the X-linked, stress sensitive, 
nutrient sensor O-linked-N-acetylglucosamine (OGT) as a placental biomarker of prenatal stress. 
OGT escapes X-inactivation in the placenta, providing females with two copies and males with 
one copy. Placental-specific reduction of OGT recapitulates the neurodevelopmental and 
metabolic impairments associated with EPS exposure. As OGT is known to modify several 
epigenetic regulators associated with histone methylation, we hypothesized that sex differences 
in OGT mediate sex differences in histone methylation and promote sex-specific programs of 
gene expression. Using ChIP-Seq, biochemistry, and RNA-Seq in mouse placentas with 
trophoblast-specific OGT reduction, we found that OGT determines genome-wide sex 
differences in H3K27me3 and gene expression in placental trophoblasts. Further, RNA-Seq of 
the embryonic hypothalamus revealed that reducing OGT copy number in the female placenta 
masculinized the expression of key genes associated with hypothalamic development and 
function in the female brain, suggesting that placental OGT contributes to sex differences in 
brain development. Females have far more H3K27me3 in placental trophoblasts than males, thus 
we hypothesize that female-biased epigenetic repression protects females from prenatal insults 
such as EPS. To test this hypothesis, we reduced H3K27me3 in female placentas to male-like 
levels using trophoblast-specific genetic manipulations of the H3K27me2/3 methyltransferase, 
EZH2. We predict that females with decreased placental EZH2 will be vulnerable to the effects 
of EPS, and display sensitized HPA axis function, metabolic deficiencies, and cognitive 
impairments in adulthood. These studies, aimed at elucidating the basic biological differences 
between male and female developmental programs, will bring us closer to fully understanding 
the etiology of sex-biased neurodevelopmental disorders. 
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Abstract: Understanding how prenatal stress alters the fetal milieu is important for identifying 
mechanisms involved in perturbations of brain programming, which are often associated with 
neurodevelopmental disorders. In our well-established mouse model, male offspring exposed to 
early prenatal stress (EPS) have altered hypothalamic pituitary axis (HPA) programming, 
resulting in increased stress sensitivity and dysregulation in hypothalamic metabolism, similar to 
endophenotypes identified in boys with autism and men with early-onset schizophrenia. 
Importantly, our EPS protocol occurs during the first week of gestation, prior to brain 
development and thus likely alters programming of peripheral tissues in addition to altering 
neurodevelopmental processes. Previously, our lab found that gene sets important for endo- and 
exosomal cellular processes are down regulated in the male placenta in response to EPS, 
suggesting that EPS alters fetal exosome signaling. Exosomes are small vesicles secreted locally 
and into the bloodstream by most tissues. Exosomes transfer proteins, microRNAs, and other 
signaling factors between cells and tissues as a means of short and long-distance communication. 
Importantly, exosomes cross the blood-brain barrier in adults, but their potential to enter and 
participate in the programming of the developing brain has not been explored. To determine if 
EPS alters exosome signaling from peripheral tissues to the brain, we are using near infrared 
whole-animal imaging and confocal microscopy of fluorescently-labeled exosomes in brain 
tissue sections to track the destination(s) and cellular localization of peripheral exosomes. In 
addition, microRNAs from control and EPS-exposed fetal serum exosomes were quantified by 
small RNA-Seq. Concurrently, we performed RNA-Seq on mRNA from hypothalamic punches 
from the same fetuses used for exosomal microRNA analysis and used bioinformatic approaches 
to determine if predicted microRNA targets were altered in the brain. Robust changes in 
exosomal microRNA cargo following EPS that corresponded to changes in hypothalamic gene 
expression were detected, particularly in male fetuses. To determine if EPS-altered peripheral 
exosomes contribute to neurodevelopmental programming, we collected exosomes from EPS 
exposed neonates and cross-injected them into control animals. We predict that injection of EPS-
related exosomes recapitulates aspects of EPS exposure in control neonatal mice. 
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Abstract: Adverse childhood experiences, including those during the puberty transition, are one 
of the greatest predictors for affective disorder presentation for women. As the puberty transition 
is marked by hormonal changes and ensuing reorganization of the brain and periphery, it may 
represent a window of vulnerability for adversity to result in long-term reprogramming. Periods 
of hormonal flux in the female lifespan, including pregnancy and postpartum, exacerbate the risk 
for affective disturbances and promote hypothalamic-pituitary-adrenal (HPA) axis dysregulation, 
a key feature of affective disorders. However, little is understood as to how stress experienced 
during the pubertal transition alters ongoing brain maturation and its interaction with the 
hormonal changes that occur during pregnancy. We hypothesized that stress during peripuberty, 
a time of dynamic hormonal change, would enact reprogramming that would interact with a later 
period of hormonal change, pregnancy, to elicit dysregulated HPA axis responsiveness. Female 
mice were exposed to chronic stress from postnatal days 21-34, and we examined endpoints in 
adults related to stress pathway regulation. Corticosterone release following acute restraint stress 
was assessed prior to pregnancy, during pregnancy, and postpartum. Peripubertal stress resulted 
in a blunted corticosterone response only during pregnancy. This suggests that HPA 
programming by peripubertal stress intersects with the state of pregnancy to uncover 
dysregulation. To investigate the mechanisms by which peripubertal stress interacts with 



pregnancy to produce this outcome, we examined peripheral and central regulators of the HPA 
axis. There was no effect of peripubertal stress on peripheral regulators, including relevant gene 
expression in the pituitary, adrenal, and placenta, during pregnancy. Transcriptomic analysis of 
the paraventricular nucleus of the hypothalamus (PVN) during pregnancy via RNA-sequencing 
revealed a long-term reprogramming of gene expression by peripubertal stress, including 
widespread changes in immediate early gene expression and their target genes, suggesting the 
involvement of an upstream epigenetic mechanism. Effects of peripubertal stress on histone 
marks in the PVN during peripuberty and pregnancy were examined. To understand how 
pregnancy unmasks HPA axis dysregulation, we conducted pharmacological manipulation of 
allopregnanolone availability within the PVN. Together, these studies confirm that the pubertal 
transition is a time of susceptibility for stress to enact central reprogramming and HPA axis 
dysregulation, particularly during later periods of hormonal flux. 
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Abstract: Family history of psychiatric conditions can be a significant risk factor for developing 
Neurodevelopmental Disorders (NDD). MRI studies of brain networks from older patients with 
NDD reveal subtle alterations in ‘resting-state’ networks, however it is unknown whether such 
abnormalities are already present at birth. We piloted the use of a multiband (MB) excitation 
sequence to improve temporal resolution and characterization of high frequency activity of fMRI 
data in neonates. 10 low risk (LR)(43 weeks) and 6 high risk (HR)(44 weeks) were recruited as 



part of the EU-AIMS Brain Imaging in Babies project. HR categorization was based on family 
history of psychiatric conditions (autism, ADHD and maternal MDD). fMRI data were acquired 
with a Philips 3T Achieva scanner and a multi-slice echo planar Imaging (15min, resolution 
2mm) with multiband (MB) excitation (MB factor 9; TR 0.37s). Data pre-processing was 
performed using FSL. Single subject data sets were denoised following independent component 
analysis (ICA) to identify motion, MB and physiological artefact components. Data was warped 
into an age-appropriate template space, and concatenated group ICA was performed with a 
dimensionality of 25. Group means and differences were then identified using a general linear 
model (controlling for age) and the dual regression method. Group ICA identified a rich 
repertoire of resting state networks across subjects, which was consistent with those described in 
the literature. There was no significant difference between the LR and HR subjects in any of the 
identified resting state networks (see figure 1). At this time, we did not identify a significant 
difference in their spatial representation when comparing infants at HR and LR of developing 
NDD. However this was a small exploratory sample and was not powered to reveal subtle 
differences between groups in network architecture. Recruitment of a larger cohort is on-going 
and we hope the rich temporal and spatial information available using this method may promote 
understanding about the early pathophysiology of neurodevelopmental disorders. 
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Abstract: Adverse life experiences during critical periods for CNS development may cause 
epigenetic changes that alter hormones pattern and receptors expression that impact brain 
circuits. These modifications have been associated with increased risk for autism in offspring; for 
instance, women exposed to childhood abuse experience were more likely to have sons with 
autism spectrum disorder (ASD) than women unexposed (Roberts et al., 2013). The aim of this 
research was to characterize a naturalistic animal model of ASD. We tested if the exposure 
parents to a chronic mild stress during adolescence (social isolation from weaning) could 
reproduce some ASD symptoms in the subsequent generation. Offspring of socially isolated rats 
shown a decrease in plasma oxytocin levels, a peptide that plays a crucial role in social behavior 
that has been shown to be altered in ASD patients. In agreement, in the resident-intruder test 
these rats spent more time in cage exploration and self-grooming activity rather than in the 
interaction with the intruder animal. Moreover, offspring of socially isolated parents showed 
behavioral inflexibility in the Morris water maze test during the probe trial as demonstrated by 
an increase in the time spent in target zone (i.e. the latency to escape from this quadrant 
searching platform elsewhere inside the arena). Conversely, learning and spatial memory was not 
affected; in agreement hippocampal BDNF levels were increased in offspring of socially isolated 
rats. Furthermore, these animals showed an increase of plasma corticosterone and ACTH levels, 
suggesting an increase of HPA axis basal activity; nevertheless, this increase was not related to 
an anxiety-like behavior in the elevated plus maze test. Social deficit, behavioral perseveration, 
HPA hyperactivity, low oxytocin and high BDNF levels are peculiar characteristics of some 
established genetic models of autism and ASD patients. Thus, offspring of socially isolated 
animals meets the attribute of face validity for ASD animal model. The advantage of this model 



could be to allow the study of molecular mechanisms underlying ASD, without genetic 
modifications that could trigger cell adaptation mechanisms and lead to changes in other brain 
circuits, not involved in pathology. References: Roberts AL et al. Association of maternal 
exposure to childhood abuse with elevated risk for autism in offspring JAMA Psychiatry 2013 
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Abstract: Here we present our experimental and clinical findings, on the HPA axis function and 
its association with epilepsy and depression. 
It is also known that dysregulation of the HPA axis might lead to stress-sensitive epilepsy. We 
tested the effects of stress on seizure susceptibility on the Wistar Audiogenic Rats (WAR), a 



strain susceptible to sound-induced seizures, which show HPA axis hyperactivity. Adult WARs 
exposed to 1-hour of stress prior to each sound-induced seizure, in a 20-seizures protocol, 
expressed significant (p<0.05) higher seizure severity and lower latency for tonic seizure than 
non-stressed WARs. Administration of Gluco-and Mineralocorticoid receptors (GR and MR) 
antagonists, 0.5 hour before the stress, blocked the effects of stress. 
Disturbance in the HPA axis is associated with worse outcomes, treatment-resistance, relapse 
and cognitive deficits in epileptic as well as depressive (MDD) and bipolar (BD) patients. 
Experimentally, we assessed early-life stress (ELS) effects on HPA axis function and its 
association with depressive-like behavior. Wistar rats were stressed from P1 to P21 or kept 
undisturbed; plasma corticosterone levels were significantly (p<0.01) higher in stressed rats than 
in controls at P3, P14 and P21 indicating no habituation to the protocol. At P90, rats that 
underwent ELS showed an anhedonic profile identified by a significant (p<0.05) decrease in 
sucrose consumption. 
Clinically, patients were diagnosed with BD (n=18) or MDD (n=8) through the International 
Neuropsychiatric Interview; scores ≥16 in Hamilton Depression Rating Scale were included. 
When these patients, were submitted to HPA axis challenges with placebo, MR agonist and MR 
antagonist, administrated at 22:00, their plasma cortisol response, at 09:00 (next day), did not 
differ from healthy subjects, regardless of patients’ ELS history. Post-hoc analyses indicated that 
BD patients show significant (p<0.05) lower cortisol levels than MDD patients after Placebo or 
MR agonist administration. But cortisol from DB patients was significantly (p<0.01) higher after 
MR antagonist treatment than placebo. In the other hand, cortisol levels of MDD patients were 
significantly (p<0.05) lower after MR agonist treatment than Placebo. 
Pre-clinical experiment mimicking these challenges, in a more controlled condition, did not 
detect effects of ELS on pharmacologically-induced HPA axis response later in life. 
Furthermore, the cortisol response cannot discriminate patients with or without ELS history but 
support differential psychiatry diagnose between MDD and BD. Moreover, MR dysregulation 
plays an important role into Bipolar Depressive physiopathology. 
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Abstract: Autism spectrum disorder (ASD) is a heritable neurodevelopmental disorder that is 
diagnosed on the basis of impairments in social communication, as well as the presence of 
repetitive behaviors and restricted interests. Recent findings suggest that the majority of ASD’s 
heritability is explained by the cumulative influence of many common genetic variants, 
underscoring the importance of studying the impact of such variants on the brain. Prior studies 
have found that ASD-associated common genetic variants, or single nucleotide polymorphisms 
(SNPs), relate to decreased long-range connectivity as measured by diffusion tensor imaging and 
functional magnetic resonance imaging (fMRI) in humans. However, all ASD neuroimaging 
studies to date have focused on SNPs in single genes despite clear evidence that ASD is related 
to SNPs across a multitude of genes. 
To address this gap in the literature, we investigated how SNPs across multiple genes 
cumulatively relate to functional connectivity in children and adolescents with and without ASD. 
Specifically, we created a linearly additive genetic risk score based on subjects’ genotypes in a 
total of seven SNPs across three genes which have been consistently linked to ASD (CNTNAP2: 
rs7794745, rs2710102. MET: rs1858830. OXTR: rs2254298, rs237887, rs1042778, rs53576). We 
then related this additive risk score to resting-state functional connectivity as measured by fMRI 
within two seed-based networks previously found to display atypical connectivity in ASD: the 
default mode network (DMN) and the salience network (SN). Results were prethresholded in 
FSL with a mask of within-network connectivity and thresholded at Z>2.0, cluster-corrected for 
multiple comparisons (p<.05). The typically-developing (TD) group (n=31) and the ASD group 
(n=37) did not significantly differ in number of risk alleles, and there was no main effect of 
diagnosis or risk score on the potential confounds of age, IQ, or mean relative motion. 
Within the DMN, higher genetic risk related to decreased connectivity of the medial prefrontal 
cortex (mPFC) in the ASD group, but increased angular gyrus connectivity in the TD group. 
Within the SN, greater aggregate risk was related to diminished connectivity of the mPFC in 
ASD, but greater connectivity of lateral and medial frontal regions in typical development. Our 
results suggest that common genetic variants associated with ASD additively impact the 
connectivity of networks related to social cognition (the DMN) and the identification of and 
response to salient stimuli (the SN). Furthermore, the relationship between genetic risk and 
connectivity may vary as a function of diagnosis. 
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Abstract: Obesity, depression and aging have all been linked to abnormal functioning of the 
hypothalamic-pituitary-adrenal (HPA) axis. Furthermore, health problems associated with aging 
might cause both weight gain and depression or anxiety. Early environmental influences are 
emerging as contributors to the development of both depression and metabolic disease. In 
rodents, early-life stress (ELS) decreases hippocampal neurogenesis and causes a deregulation of 
the HPA axis. Periodic maternal separation (MS) is a rodent model of ELS that affects 
hippocampal neurogenesis and increases HPA axis activity, this alterations are related depressive 
like behavior and mild metabolic inbalance in juveniles; however, the interaction between MS 
and aging induced metabolic alterations has not been studied. Therefore the aim of the study was 
to test the hypothesis that MS increases age-induced effects on hippocampal neurogenesis and 
metabolic risk. To test this, Sprague Dawley male rats were subjected to MS during the first two 
weeks of life (3 hours/day form P1-P14). We evaluated depressive-like behavior in the FST and 
anxiety-like behavior in the elevated plus maze (EPM) at 10 months of age. Animals were 
catheterized in the jugular vein and let to recover for one week. We evaluated glucose tolerance 
and determined the concentration of glucose, triglycerides, cholesterol, CORT and insulin. Rats 
were intracardialy perfused, brains were dissected and we performed an immunostaining against 
the immature neurons marker doublecortin (DCX). We estimated the number and density of 
labeled cells by stereology. MS animals showed a passive coping strategy in the FST without 
affecting anxiety-like behavior in the EPM. The glucose tolerance test showed that both MS and 
CONT animals have impaired glucose regulation. We observed no significant differences when 
comparing other metabolic parameters. However, MS decreased the density (cel No/mm3) and 
number of DCX+ cells in the hippocampal neurogenic niche, without causing differences in the 
volume. In conclusion, our results suggest that metabolic alterations induced by age did not 
correlate with the effects of MS on hippocampal neurogenesis. 
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Abstract: It is now widely recognized that exposure to an adverse environment during prenatal 
development can have lasting effects on an individual’s physiology and risk of disease. Maternal 
stress, and thus exposure to excess glucocorticoid during pregnancy, has been associated with 
emotional and cognitive deficits in early life. Given their potent actions during development, 
excess glucocorticoids may represent a common pathway by which poor environmental 
conditions are signaled from the mother to the fetus triggering persistent changes in the 
offspring’s growth and organ function. Our study was designed to examine the impact of 
prenatal exposure to a clinical antenatal steroid, Dexamethasone (Dex), and its effects on 
behavior and cortical expression of key pre- and postsynaptic proteins of adult male rats. 
Pregnant rat dams were injected once daily with Dex (sc 150ug/kg/day) from gestation-day 14 
through 19. Control dams were injected with vehicle. At 120 days, the adult male offspring were 
tested using the elevated-plus maze (EPM) and the light-dark box to evaluate anxiety-like 
behavior in both control and Dex-exposed animals. At 150 days, the frontal cortex was rapidly 
dissected and frozen using liquid nitrogen. Real-time PCR was used to measure the relative 
levels of mRNA expression for serotonin receptors 5HT1A, 5HT1B, and 5HT2A as well as for 
key presynaptic proteins involved in vesicle release, synaptotagmin and SNAP-25. Using the 
EPM, a significant difference was detected between the control and Dex-exposed adult males in 
the ratio of open arm entries to total arm entries (p= 0.031). A significant difference was also 
observed between the control and Dex- exposed males when the amount of time spent in the 
open arms was compared to total time on the apparatus (p= 0.018). The light-dark box test, 
which also measures anxiety-like behavior, revealed that Dex-treated animals were more likely 
to cross to the dark side (p=0.05). Moreover, a significant increase in cortical mRNA expression 
was detected for the serotonin receptors 5HT1A (p < 0.05) and 5HT2A (p < 0.05). The mRNA 
levels for the 5HT1B receptor, synaptotagmin and SNAP -25 were not significantly changed in 
the cortex of the Dex-exposed adult males compared to controls. These data support the claim 
that epigenetic changes during early development lead to genetic programming effects that 



persist throughout life. More specifically, prenatal exposure to glucocorticoid during critical 
periods of brain development disturbs serotonergic function and increases the risk for mood 
disorders in adult male offspring. 
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Abstract: Many factors are suggested to contribute to resilience and susceptibility to post-
traumatic stress disorder (PTSD), a chronic, debilitating disorder that can develop after exposure 
to a traumatic event. Exposure to trauma in childhood has been identified as a key risk factor for 
PTSD, but animal studies suggest that exposure to stress during the juvenile life stage can both 
increase stress responsivity and enhance functioning under future stress. We tested the 
hypothesis that adult rats exposed to chronic stress during juvenile development exhibit 
exacerbated responses to an animal model of PTSD, single prolonged stress, compared to adult 
rats reared without stress. We evaluated the lasting effects of both acute and chronic stress in 
juvenile development on PTSD specific end-points. We report that juvenile stress exposure 
affects aspects of fear learning and memory, and discuss effects of juvenile stress on 
morphological traits. 
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Title: Neural correlates of sensory hyporesponsiveness in toddlers at high risk for autism 
spectrum disorder 

Authors: *D. M. SIMON1, C. R. DAMIANO2, T. G. WOYNAROSKI1, L. V. IBANEZ3, M. 
MURIAS2, W. L. STONE3, M. T. WALLACE1, C. J. CASCIO1;  
1Vanderbilt Univ., Nashville, TN; 2Duke Univ., Durham, NC; 3Univ. of Washington, Seattle, 
WA 

Abstract: Altered patterns of sensory responsiveness are frequently reported in individuals with 
autism spectrum disorder (ASD), and are hypothesized to contribute to the development of 
higher order social and behavioral deficits. Younger siblings of individuals with ASD are at a 
greatly elevated risk of future diagnosis, and patterns of reduced sensory responsiveness have 
been shown to emerge early in their development. Previous research has not characterized how 
patterns of neural activity in these high risk children relate to profiles of sensory responsiveness. 
Using high density electroencephalography (EEG) we investigated the neural correlates of parent 
reported sensory responsiveness in 18 month old siblings of individuals with ASD. We found 
that sensory hyporesponsiveness was associated with relatively increased left frontal alpha power 
and absolute increased left frontal theta power. Functional connectivity was increased to right 
frontal regions, decreased to left frontal regions, and broadly elevated in temporal and occipital 
regions in participants with high levels of hyporesponsiveness. Complementary measures of 
EEG signal complexity indicated hyporesponsiveness was associated with less complex neural 
signals. Multiple measures of neural activity thus corresponded with sensory hyporesponsiveness 



in toddlers at high risk for ASD. We conclude that concurrent measurement of neural signal 
features holds promise for early identification of profiles of sensory responsiveness in young 
children at risk for ASD and improved targeting of interventions. 
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Abstract: Repeated exposure to stress promotes depressive- and anxiety-like behaviors in 
animals and the development of psychiatric disorders in humans, including depression and 
posttraumatic stress disorder. However, not all stressed individuals go on to develop psychiatric 
disorders. That is, some individuals are resilient to the effects of stress and others are vulnerable 
to its effects. In a paradigm of chronic social defeat in rats, we have identified subpopulations 
that are resilient or vulnerable to the neuroendocrine, prodepressive, and anxiogenic effects of 
defeat. Rats that exhibit a short defeat latency (SL) following placement in the cage of an 
aggressive resident rat are vulnerable to the effects of stress whereas rats that exhibit longer 
defeat latencies (LL) are resilient to the effects of stress. SL rats display increased depressive-
like and anxiety-like behaviors compared to LL rats. However, the mechanisms underlying stress 
resilience and vulnerability remain unclear. We used a targeted PCR array approach to identify 
novel neural substrates underlying resilience and vulnerability. We found that the expression of 
sphingosine-1-phosphate receptor 3 (S1PR3) was increased in the medial prefrontal cortex 
(mPFC) of LL rats. S1PR3 is a G-protein-coupled receptor (GPCR) that reduces inflammation 
and, as an S1PR, has the ability to reduce neuronal activity through Gi coupling and activation of 
G-protein-coupled inwardly rectifying potassium channels. The mPFC regulates the stress 
response and affective-like behaviors, is highly susceptible to stress, and is dysfunctional in 



stress-related affective disorders. We used a viral vector to overexpress S1PR3 in the mPFC of 
rats and found that S1PR3 overexpression increased defeat latency and decreased depressive-like 
and anxiety-like behavior compared to controls. Conversely, virally mediated S1PR3 knockdown 
decreased defeat latency and increased depressive-like behavior. Similar to LL rats, rats 
overexpressing S1PR3 in the mPFC displayed facilitated adrenocorticotropic hormone (ACTH) 
production during restraint compared to controls. S1PR3 knockdown rats displayed attenuated 
ACTH production during restraint compared to controls. Preliminary results indicate that 
pharmacological activation or overexpression of S1PR3 in the mPFC decreased neuronal activity 
and inflammation markers. We propose that S1PR3s in the mPFC promote resilience to stress by 
altering activity in the mPFC and within its extended network and/or by decreasing 
inflammation. We conclude that the S1PR3 is a novel receptor that promotes behaviors and 
neuroendocrine responses characteristic of resilient individuals. 

Disclosures:  B. Corbett: None. N. Sotuyo: None. J. Pearson-Leary: None. S. Luz: None. S. 
Bhatnagar: None. 

Poster 

631. Risk Factors for Brain Disorders 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 631.14/DDD2 

Topic: F.04. Stress and the Brain 

Support: NIH Grant 2R15MH093918-02 

Title: Early life sleep restriction induces behavioral and cognitive impairments in Sprauge 
Dawely rats 

Authors: *F. ATROOZ1, H. LIU2, S. SALIM2;  
1Pharmacol. and Pharmaceut. Sci., 2Pharmacol. and Pharmaceut. sciences, Univ. of Houston, 
Houston, TX 

Abstract: Adequate sleep during early life is considered essential for normal brain function. In 
fact, sleep loss or sleep disturbances in children are associated with development of later life 
mood disorders. Thus, while negative effects of early life sleep deprivation are well known, 
information regarding repeated sleep restriction (RSR) during early life (childhood and 
adolescence) on behavioral and cognitive function is limited. Also, information regarding 
mechanisms by which RSR during early life causes behavioral and cognitive impairments are 
also not fully understood. In this study, two groups of Sprague Dawley rats (12 per group) were 
utilized, control group and RSR group. Rats, at postnatal day (PND) 18 were subjected to RSR 



for 14 days (6 hours/day) using Pinnacle automated sleep deprivation system. This apparatus is a 
cylindrical cage with rotating arms that gently disturb the rats constantly interrupting their sleep. 
Behavioral tests (anxiety-like behavior, depression-like behavior) and cognitive tests (short-term 
and long-term learning memory function) were performed at PND 32, 60 and 90. Our results 
show that rats in the RSR group exhibited anxiety like behavior at PND 32 and 60 but not at 
PND 90 time point, as compared to the control group. Interestingly, RSR rats did not exhibit 
depression-like behavior at PND 30 or 60 but developed depression-like behavior at PND 90, as 
indicated by increased immobility time in forced swim test compared to control group. 
Furthermore, rats in the RSR group showed learning impairment at PND 60 as revealed by radial 
arm water maze test. On the other hand, RSR rats showed no impairment in short or long term 
memory at any time point. In conclusion, early life repeated sleep restriction promotes anxiety-
like behavior early in life (PND 30 and 60) which in later life transforms into depression-like 
behavior (PND 90). Cognitive impairment also was evident at PND 60 suggesting later onset of 
cognitive dysfunction in Sprague-Dawley rats. 
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Title: A face only a mother could love: intergenerational trauma exposure reduces male 
attractiveness to potential mates.  
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Abstract: The fact that some members of our species are more attractive to the opposite sex than 
others is well known. However, other than the obvious candidates such as genetics, the factors 
that determine “attractiveness” remain elusive. The current research used a rodent model to 
examine this generally understudied, but clinically relevant question, and assessed whether 
exposure to trauma, either within one’s one life, or intergenerationally, can impact male 
attractiveness in adulthood. To assess this question male rats were either exposed to Maternal 



Separation (MS), a well-validated early life stressor during infancy, or were born to mothers who 
had experienced MS with their previous litter. Control females were then tested in a mate 
preference task, wherein she was given 4 trials in which she could choose between two adult 
males contained within small wire cages, either a control male and a directly-stressed male, or a 
control male and a male born to a previously stressed mother. The results showed that while 
females do not discriminate between control males and directly-stressed males, they do 
discriminate between control males and males born to a previously stressed mother, spending 
significantly less time across trials in the side of the test arena containing the male born to a 
previously-stressed mother, and investigating the wire cage in which that male was held 
significantly less. These results show that an individual’s intergenerational exposure to stress 
may be even more important than their own history of trauma in determining social outcomes 
such as the ability to attract a mate. 
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Abstract: It has recently become clear that the effects of early life experiences may not be 
limited to the exposed generation, but can sometimes influence mental and physical health in the 
next generation. The mechanisms of transmission are often social in nature, but recent evidence 
suggests that germ line mechanisms may play a role. We compared the transgenerational effects 



of maternal and paternal line early life nursery rearing (NR) on anxiety and health-related traits 
in two generations of rhesus macaques, including infants that did not have social access to 
parents because they were cross-fostered to new mothers and social groups. Offspring and grand-
offspring (N=340) of NR and CONTROL reared individuals were observed for temperamental 
nervousness, immune cell counts, and plasma cortisol response to challenge. Paternal NR was 
associated with greater nervousness and lower immune cell counts in male and female infants (F 
(3, 316) = 3.906, p = .009, partial eta2 = .036). This effect persisted into the third generation 
through the paternal line (F(3, 316) = 6.298, p < .001, partial eta2 = .056). Maternal-line NR 
effects were not observed. Germ line mechanisms may be involved, as paternal NR effects were 
observed in the absence of social contact between parents and cross-fostered offspring. This 
study suggests that stress-related traits may be “inherited” across generations in primates, and 
points to non-social mechanisms of inheritance. 
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Title: Iterative somatic transmission of emotional behavioral abnormalities across generations 
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Abstract: Though inheritance has traditionally been associated with the Mendelian transmission 
of genetic information from parents to offspring in allele-dependent manners, it has been shown 
that progeny can inherit parental behavioral traits through non-genetic mechanisms. While 
gametic transmission is accepted as a non-Mendelian means of multigenerational inheritance, we 
show that there is a somatic maternal mechanism for propagation of behavioral abnormalities 
that is maintained by an iterative process across generations. Studies show that infection and 
chronic low-grade inflammation during pregnancy increase the risk of psychiatric disorders in 



the offspring. Maternal immune dysregulation may be transmitted to the fetus through the 
placenta past the blood brain barrier, and we present evidence suggesting the maintenance of a 
multigenerational transmission of abnormal emotional behaviors through a maternal 
immunological mechanism arising from a deficit in serotonin 1A receptor (5HT1AR). 
Specifically, our 5HT1AR heterozygote and null mice show increased innate anxiety and 
reduced motivation, and we show that these behavioral traits are passed up to the F3 offspring 
iteratively, one generation at a time, through non-gametic means. 5HT1AR is expressed on 
hematopoietic cells, and so we assessed the immune profiles of multiple generations of offspring 
and show alterations in their immune profiles. Right after birth, 5HT1AR-deficient mice and 
their F1 and F2 offspring all exhibit neutrophilia and monocytosis. Furthermore, this peripheral 
inflammation is accompanied by neutrophil/monocyte transmigration into brain parenchyma, 
suggesting brain immune activation. We believe brain and peripheral inflammation together 
explain the behavioral phenotype and accompanying neuronal epigenetic changes observed in 
adulthood. Also consistent with early life immune activation is the later developing autoimmune-
like phenotype, characterized by increased total IgG level, anemia, lymphyocytopenia, and 
thrombocytopenia. Since maternal autoimmunity increases the risk for offspring immune 
activation and psychopathology, such mechanisms may explain the iterative nature of mother-to-
offspring behavioral transmission. These results suggest that 5HT1AR may play an integral role 
in immune homeostasis, and that lower than normal 5HT1AR levels seen in a population of 
anxiety and depression patients may contribute to the psychopathology via low-grade sterile 
inflammations. Furthermore, our work here shows that multigenerational transmission is not 
limited to gametic mechanisms, but can occur iteratively through a somatic mechanism. 
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Abstract: Neural disease is a prevalent upcoming concern with the age of onset fast approaching 
in the population of the United States. The etiology of many neural diseases is unclear and may 
have links to environmental influences. Epidemiological studies indicate a higher risk for brain 
cancers for children of pesticide exposed parents and increased risk of neurodegenerative disease 
in adults residing in high exposure regions. Similar to the Barker Hypothesis we propose that 
early stress events lead to lasting epigenetic changes that predispose an individual to later onset 
of disease. To evaluate the impact of stressors in early development we utilized an in utero 
exposure model of c57bl6 mice exposed to the herbicide paraquat, or control saline, for six 
weeks over the gestational period. Paraquat is a model toxicant in the study of parkinsonian like 
symptoms in c57bl6 mice and is known to produce reactive oxygen species through inhibition of 
mitochondrial function. Adult mice were evaluated for impact of paraquat with histological 
staining of glial fibrillary acidic protein (GFAP) to measure reactive gliosis. Adult mice treated 
with paraquat exhibit marked increases in the levels of GFAP compared to controls indicating a 
reactive response to paraquat treatment. Neonatal pups were collected and astrocytes and 
microglia were cultured for two weeks removed from paraquat exposure, at which point RNA 
and DNA were collected from each respective population. RNA sequencing determined a limited 
number of genes that generally increase in gene expression. Ontological analysis indicate cell to 
cell interactions as well as developmental processes in these cells are largely impacted. The 
results of this study indicate that the exposure of mothers to paraquat provides an altered in utero 
environment changing gene expression in a persistent manner in the offspring. These changes 
may result in long term ramifications in the function and onset of disease in the central nervous 
system. 
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Abstract: Hormesis is a known biological phenomenon by which the body reaches a 
biologically positive results after the action of stress factors of different nature. It is known that 
receiving low doses of ethanol in human being is associated with positive events - reduced risk 
of cardiovascular disease, slowing the aging process and others. The aim of our study was to 
identify hormetic dose of ethanol for pregnant rats and after that to conduct research on their 
offsprings - whether or not they manifest any improvement or disorders in the processes of 
learning and memory (compared with the control animals). In the first series of experiments, 
testing of intact females held in the multi-way maze. The number of committed errors and time 
spent on the passage of the maze were registered. Within a 7-day testing sessions all animals 
reached an automatism in maze passage). Thereafter, the female rat together with male for 5 days 
was placed in the box. Then on already pregnant rat, we try to reveal the hormetic dose of 
ethanol - 21 days the rats injected (i/p) with different doses of ethanol (95% alcohol in doses 
ranging from 0.01 to 0.1 ml /100g). Each doses were tested on 5 rats. In all cases (the ethanol 
was diluted in 1 ml of the distillate). Performing of maze test was checked in 30 minutes after the 
administration of ethanol. The most pronounced behavioral manifestation of hormetic effect 
(acceleration of motility) was revealed at a dose of 0.025 mg / 100g. Administration of 1 ml 
saline (control animals) caused no change in performing of maze test. Thus it can be said that the 
hormetic effect of ethanol on rats may be observed at a dose of 0.025 mg / 100g. In the next 
series of experiments we want to clarify if administration of hormetic dose of ethanol during the 
pregnancy will cause any physiological (including learning and memory processes and/or 
morphological changes in offsprings. Acknowledgement: The study was supported by the Shota 
Rustaveli National Science Foundation. 
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Title: Activation of proto-oncogene c-fos in non-auditory structures of the rats´ brain under 
stimulation with environmental noise 
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Abstract: Backgroung: Noise is an inarticulate auditive stimulus that often becomes annoying. 
Pollution by environmental noise has increased in parallel with development of human activities 
(airway, railway, roads and the traffic). In general, the effects of noise on central nervous system 
may be classified as auditory and non-auditory. Most of the non auditory effects involve the 
stress HHA regulatory system. Then, it is expected that central structures mediating stress 
responses could change its activity patterns under noise exposure. Objective: In this experiment, 
we exposed adult male rats to a noisy environment and immunohistochemically evaluated c-fos 
changes over the main central structures mediatin stress response. Material and methods: 25 
male wistar rats were subjected to a rats´ audiogram-fitted adaptation of a noisy environment and 
sacrificed at different time points as follows: 0 (n=5), 2h (n=5), 6h (n=5), 12h (n=5) and 24h 
(n=5). Immunohistochemistry against c-fos was performed on 70µm slices belonging to the 
entire brain. Results: We found differential patterns of c-fos expression depending on region 
analyzed and time of exposure. Then, our results support the idea that noise exposure produce 
stress-like effects by activating some non-auditory structures involved in stress regulation. 
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Abstract: Posttraumatic stress disorder (PTSD) is defined as an anxiety disorder provoked by an 
event that evokes extreme fear, helplessness, or horror such as an accident, physical or emotional 
abuse or combat. The Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) 
identifies three clusters of symptoms that comprise PTSD: intrusive thoughts and re-
experiencing of the trauma in dreams and nightmares, avoidance of circumstances of the trauma 
and a persistent hyperarousal state often including hypervigilance and an exaggerated startle 
response. It has been assumed that due to hyperarousal contributes to increased sympathetic 
activity in patients with PTSD. This makes logical sense since sympathetic activity is associated 
with a fight or flight response. However there is little data that has directly examined 
sympathetic activity in this population. The goal of this work was to determine if peripheral 
sympathetic activity was elevated in a group of Veterans with and without PTSD. Thirty Four 
US Veterans that were participating in studies to examine their autonomic function were 
classified as having PTSD by a score of 37 or greater on the PCL. Based on this 20 of the 34 
would be classified as having PTSD. Non-invasive measures of sympathetic activity were 
obtained from beat by beat heart rate and blood pressure variance as well as heart rate and blood 
pressure. There was no difference in resting heart rate (Ctrl: 72.0±11.2 vs PTSD: 70.2±9.7 bpm) 
or mean arterial blood pressure (Ctrl: 95.4±12.8 vs PTSD: 93.7±10.6 mmHg). Examining heart 
rate variance there was no difference in low frequency normalized power, indicative of cardiac 
sympathetic activity (Ctrl: 51.4±25.4 vs PTSD: 56.2±24.0%). Similarly there was no difference 
in low frequency blood pressure power, indicative of peripheral vascular sympathetic activity 
(Ctrl: 61.9±33.6 vs PTSD: 54.4±34.9 mmHg2). Performing linear regressions there were no 
significant correlation between PCL score and any of the parameters. These data suggest that 
Veterans with PTSD may not demonstrate increased sympathetic activity. However, this was 
done on a small group of Veterans so confirming in a larger group would be essential. We also 
plan to look at whether Veterans who specifically demonstrate symptoms of hyperarousal tend to 
have increased sympathetic activity compared to those with avoidance characteristics. This work 
was supported by the War Related Illness and Injury Study Center within the Department of 
Veteran Affairs. 
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Abstract: Grounded and guided by the fundamentals in affective neuroscience and framed by 
the human-computer interaction (HCI) paradigm of affective computing, we call for the 
emergence of affective engineering as a key contributor to future product and system design and 
development. In an engineering context, we aim to quantitatively measure situational variables 
that allow us to control for (emotional) behavior responses; that is, we seek to use physiology 
sensors to “read” the human in critical human-machine interaction scenarios. With the particular 
focus on (simulated) autonomous driving scenarios, the Center for Design Research at Stanford 
University and the Department of Engineering Design and Materials at the Norwegian University 
of Science and Technology aim to address this challenge in a series of joint experiments. As the 
number of automation features in a car rises, the potential need for the driver to rapidly assess 
and resume control of the car increases. Simultaneously, the possibility for the driver to pursue 
secondary activities also emerges. Thus, in order to safely transfer control to the driver, it is vital 
to incorporate the driver’s attentional, physiological, and mental state - one potential way is by 
using physiology sensors. In a first experiment, we use functional near infrared spectroscopy 
(fNIRS) in order to measure cognitive load during simulated autonomous driving including 
simple lane change maneuvers. The main arising challenge is to select/develop a suitable 
mathematical model for measuring cognitive load for in situ “chaotic” and “noisy” driving 
scenarios. Since the experimental task differs tremendously from clean laboratory experiments 
with highly isolated and controlled tasks (such as finger tapping or n-back task), applying 
proposed cognitive load algorithms that assume a constant response at trigger onset, such as 
statistical parametric mapping (SPM), are questionable. The ultimate aim is to build the scientific 
foundation for in situ cognitive load measures in order to design and engineer safe driving in the 
future. 
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Abstract: Cannabis is one of the most frequently used illicit drugs worldwide, and has been 
banned in the United States and Canada since the early 1900s. A recent United Nations report 
places cannabis at the top of the 2010 illicit drug use list, at an estimated prevalence of 2-5% 
(120-220 million users), followed by opioids (0.8%), opiates (0.5%) and cocaine (0.4%). 
Although it has been suggested that the marijuana plant includes over 400 chemical entities of 
which 60 are cannabinoids, the most studied are Δ-9-tetrahydrocannabinol (Δ9-THC), 
cannabidiol (CBD) and cannabinol (CBN); Δ9-THC has been identified to be the main 
psychoactive agent in cannabis. In addition to the recreational use, cannabis has been widely 
used to address a series medical conditions, through its anti-emetic, analgesic and appetite-
modulating effects. 
The purpose of the present study is to assess the effects of three doses (0.1, 1 and 10 mg/kg) of 
THC on brain activation using fMRI in awake rats. Although more than 170 regions of interest 
have been assessed, emphasis has been placed on areas rich in CB1 receptors, such as the 
hippocampus, hypothalamus and prefrontal formations. Overall, the low dose shows increased 
BOLD activation in a number of areas (ventral and dorsal striatum, basal amygdala, ventral CA1 
and ventral pallidum) compared to vehicle. Interestingly, the BOLD activation in response to the 
low dose was also increased compared to the medium and high doses, although in some regions 
it follows a U-shaped pattern (i.e. temporal cortex). 
These findings offer insight into brain networks activated by THC, providing the first evidence 
of brain-wide “fingerprinting” of BOLD activity in response to different doses of THC. The 
results are discussed in the context of pain networks and beyond. 
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Abstract: In brain imaging study, cranial window surgical processes are necessary to get an 
access to the animal’s brain. The invasive surgical procedures would evoke neuroinflammatory 
mechanism. In particular, drilling and opening skull bone can induce mild traumatic brain injury. 
Our understanding of how invasive cranial window surgery affects neuronal and hemodynamic 
responses is very limited. Using cranial window with the soft, flexible, transparent, and 
biocompatible silicone-based polydimethylsiloxane (PDMS) (Heo et al, 2016, submitted), we 
investigated the effect of cranial window surgergical procedure on cerebral hemodynamics and 
its’ timecourse. C57bl/6 mice were utilized. Following 2 hours, 14 days, 28days, 32days of 
surgery, we recorded cerebral blood volume (CBV) changes by whisker stimulation (C2 area) 
with the intrinsic signal optical imaging. Also we measured cerebral blood flow (CBF) with 
Laser Doppler Flowmetry. We found that the animals immediately after 2 hours of cranial 
window surgery have smaller CBV changes than the animals 14days, 28days, 32days post 
cranial window surgery. The maximum CBV changes was the largest in animals 32days post 
cranial window surgery. In immunohistochemical studies, we found that the expression level of 
GFAP of astrocyte and microglial activation is different among the animals of each group. Our 
study suggests that the cranial window surgical procedure can significantly affect the integrity of 
neuronal network even though no apparent cellular damages were found. In order to get normal 
brain hemodynamics, we need to wait at least 28 days post cranial window surgery. 
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Abstract: Spontaneous fluctuations in Blood Oxygen Level Dependent (BOLD) functional 
Magnetic Resonance Imaging (MRI) signals are used to infer functional connectivity. However, 
the implicit assumption that spontaneous fluctuations in blood oxygenation are related to the 
underlying spontaneous activity has only been investigated in a small number of studies. For 
instance, we previously made concurrent 2-dimensional optical imaging spectroscopy (2D-OIS) 
measurements of spontaneous cortical hemodynamics and multi-laminar electrophysiological 
measurements of spontaneous cortical activity in urethane anaesthetised rodents (Bruyns-Haylett 
et al., 2013). We demonstrated that rapid changes in spontaneous activity were associated with 
hemodynamics that were similar to those elicited by sensory stimuli thus suggesting an 
association between spontaneous activity and hemodynamic fluctuations. However, it is well 
known that rodents anaesthetised with urethane move between different states of anaesthetic 
depth (e.g. Friedberg et al., 1999) which are commensurate with states of quiescence and arousal 
in awake behaving animals (e.g. Castro Alamancos 2004). Previous studies have suggested that 
stimulus evoked neurovascular responses may differ in these different states (Jones et al., 2008) 
but as Bruyns-Haylett et al., (2013) neglected to classify data into these states, whether 
‘spontaneous’ neurovascular responses are preserved during different cortical states is uncertain. 
Thus information that could aid the interpretation of resting state data in different states of 
wakefulness was lost. Fortuitously, a recent analysis methodology developed in our laboratory 
(Slack et al., 2016) allows such data to be sorted into 2 different ‘anaesthetics depths’ or ‘cortical 
states’ based on ongoing fluctuations in LFP. As such, the current investigation takes similar 
concurrent measurements of cortical hemodynamics and ongoing activity as Bruyns-Haylett et 
al., (2013) but classifies data into different cortical states before investigating the relationship 
between rapid spontaneous activity and the accompanying hemodynamics. As previously 
reported, we find that changes in cortical state themselves are accompanied by slow increases or 
decreases in total haemoglobin concentration and blood oxygen saturation (Jones et al., 2008, 
Slack et al., 2016). In both cortical states rapid increases in spontaneous activity are 



accompanied by hemodynamics resembling those elicited by sensory stimuli suggesting that 
spontaneous activity elicits hemodynmic changes despite differences in wakefulness. 
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Abstract: Global-local processing is traditionally studied with hierarchical stimuli, e.g. a large 
global letter made up of small local letters (Navon paradigm). Participants are asked to identify 
targets either at any level (divided attention condition) or at a pre-specified level (selected 
attention condition). Performance is characterized by faster responses to global than to local 
targets (global advantage effect). Previous studies demonstrated a right-lateralization for global 
and left-lateralization for local targets. It is presumed that lateralization of brain functions are 
related to the inhibitory influence of a dominant on the non-dominant hemisphere. However, 
inter-hemispheric connectivity (IC) has previously not been investigated for global-local 
processing. Furthermore, we were previously able to demonstrate sex differences in the global 
advantage effect (stronger global advantage in men during selected attention) and the 
lateralization of BOLD-response to global and local level (stronger lateralization in women). 
Whether these differences result from sex differences in IC has not been investigated. 86 men 
and 41 naturally cycling women in their luteal phase completed a Navon paradigm, modulating 
attention condition (divided vs. selected) during functional MRI. Most prominent activations to 
both global and local level were observed bilaterally in the occipital lobe with stronger left 
lateralization for local and stronger right lateralization for global targets. The individual subject 
maxima were selected as ROIs for psycho-physiologic interaction (PPI) analyses with ROIs for 
analyses of global targets in the right-hemisphere and ROIs for analysis of local targets in the left 
hemisphere. In the divided attention condition, the results demonstrate negative IC of the right 
occipital lobe to the left occipital lobe for global targets. For local targets, a negative intra-



hemispheric connectivity from occipital to parietal areas was observed within the left 
hemisphere. These results were not modulated by sex. For the selected attention condition, 
however, negative IC from right to left occipital areas was only confirmed in men. Women, on 
the other hand, showed stronger intra-hemispheric connectivity with more anterior areas. For the 
first time, the global advantage effect during global-local processing and right-lateralization for 
global targets is demonstrated and may arise from the inhibitory influence of the right on the left 
hemisphere. Furthermore, sex differences in the global advantage effect and lateralization 
patterns during global-local processing may arise from sex differences in these IC patterns. 
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Abstract: Therapeutic hypothermia has long been used as a method to protect the brain from 
ischemic insults, though the impact of temperature on brain metabolism and neurometabolic 
coupling is not well understood. Therefore, we examined the effect of temperature on brain 
metabolism using FAD and NADH auto-fluorescence metabolic signals and electrical field 
potentials from brain slices prepared from adult mice. We found that basal FAD signals are 
inversely proportional to temperature while basal NADH signals had a biphasic profile such that 
the signals decreased with increasing temperature from 13oC to 21oC (Phase I) then increased 
with increasing the temperature above 25oC (Phase II). Different brain regions showed the same 
profile for FAD and NADH signals, but the hippocampus had the highest signal intensities for 



both. Calculated redox ratio followed the FAD profile suggesting that the redox ratio changes 
with temperature are likely driven by FAD signals. In auditory thalamocortical slices, electrical 
stimulation of the subcortical white matter produced a biphasic profile with temperature; the 
magnitude of both FAD and NADH deviations from baseline were largest around 21-25oC, and 
diminished at higher and lower temperatures. Additionally, SR95531 (gabazine) was used to 
elicit spontaneous paroxysmal events, and the link between field potentials and metabolic 
fluorescence signals was compared at different temperatures. Similar to the evoked responses, 
the magnitude of the spontaneous FAD and NADH signals adopted a biphasic profile with the 
temperature. Extracellular recording of spontaneous activity showed that local field potential 
signal amplitude was strongly coupled to FAD and NADH signal amplitude at temperatures from 
13-25oC, but deviations were seen at higher temperatures, such that field potential amplitude was 
retained to higher temperatures than the fluorescent metabolic signals. These results indicate the 
strong impact of temperature on brain metabolism which in turn affects neuronal activity and that 
neurometabolic coupling may show temperature dependence, which has potential implications 
for therapeutic modulation of brain temperature. In addition, the similarity between temperature-
induced biphasic profile of NADH baseline and the metabolic signals coupled with evoked 
synaptic activity could possibly indicate that glycolysis and the TCA cycle are the most 
temperature affected metabolic processes. 

Disclosures:   B.A. Ibrahim: A. Employment/Salary (full or part-time): University of Illinois at 
Urbana-Champaign. H. Wang: A. Employment/Salary (full or part-time): Carle Foundation 
Hospital. B. Bucci: None. K. Paul: None. D.A. Llano: None. 

Poster 

632. Blood Flow and Functional Imaging 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 632.07/EEE2 

Topic: F.06. Brain Blood Flow, Metabolism, and Homeostasis 

Support: NIH R01 NS095933 

 NIH R21 HL108143 

Title: Characterization of the hemodynamic response function across human cerebral cortex 
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Abstract: In functional magnetic resonance imaging (fMRI) experiments, use is made of the 
hemodynamic response function (HRF), the stereotypical vascular response evoked by brief (<4 
s) neural activation. Use of the HRF to evaluate neurovascular function as a clinical tool is 
appealing, but there are two main challenges to such clinical applications. First, we need a 
method to evoke the HRF broadly across the brain, and measure the response specifically in 
parenchymal gray matter. Second, clinical use of the HRF will require a better understanding of 
its variability across brain regions and subjects. Here, we present a simple stimulus paradigm to 
evoke the HRF across the majority of cerebral cortex. The results provide guidance for linear 
analysis of fMRI data, and more importantly, create a potentially highly attractive clinical tool. 
Methods: A 2-s duration audiovisual stimulus was combined with a fast-paced task to evoke the 
HRF, and this was repeated ~85 times per session in 8 subjects with a 30-s inter-stimulus 
interval. FMRI (SMS excitation, 1.5-s/volume) with high spatial resolution (2-mm voxels) was 
used to focus measurements specifically on the gray matter. Our computational model was used 
to predict underlying CBF and CMRO2 responses. Results: Mean amplitudes of the positive 
HRFs varied substantially across the cortical surface (Fig A), and from subject-to-subject. ~75% 
of cortex responded with significant HRFs. ~78% of active cortex exhibited positive HRFs (solid 
curves); the remainder showed inverted HRFs (dashed curves). However, after a parcellation and 
normalization procedure, the spatial pattern of the HRF amplitudes was found to be remarkably 
similar across subjects. The time-to-peak of the initial positive lobe of the HRF showed less 
subject-to-subject variability, and was relatively stable across the cortical surface (Fig B). 
Conclusion: This method provides a means to quantify neurovascular function across the 
majority of the brain, with great potential clinical utility to diagnose and monitor the treatment of 
vascular brain pathologies. 
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Abstract: Introduction 
Near infrared spectroscopy (NIRS) calculates hemoglobin parameters, such as changes in 
oxygenated hemoglobin (oxyHb) and deoxygenated hemoglobin (deoxyHb), assuming the 
modified Lambert-Beer’s law. Laterality Index (LI) is one of the smart ideas for NIRS 
application to brain study. LI is calculated as (LT-RT) / (LT+RT), where LT is the activation of 
the left and RT Right. The LI has been popular for language research, measuring Broca’s area. 
We measure forehead by NIRS system, and calculate Laterality indexes. The purpose of this 
study is to discuss the possibility of the LI plot of NIRS for cognitive research. 
Methods 
Subjects were required to perform 2 tests. One was a calculation test. Two numbers were 
appearing on the screen for 4 seconds, such as 62+59. The subject calculated, and typed the 
answer by ten-key. This was repeated for 50 times. The other was Kraepelin performance test for 
5 minutes. We used the NIRS system (Spectratech, Inc., Japan) having 16 Source-Detector pairs 
(16 channels). The picture shows the area of 16 channels. Channel 1 to 7 were located on the 
right side, and channel 10 to 16 were located on the left side. We calculated seven Laterality 
indexes with oxyHb; LI1 (ch16-ch1), LI2 (ch14-ch2), LI3 (ch15-ch3), LI4 (ch13-ch4), LI5 
(ch11-ch5), LI6 (ch12-ch6), LI7 (ch10-ch7). These indexes were plotted. 
Results 
LI plot of 2-digit calculation test and Kraepelin performance test were clearly different. For 2-
digit calculation task, LI7 (ch10-ch7) was positive. For Kraepelin performance test, LI1 (ch16-
ch1) was positive. 
Conclusion 
There are many reports on the forehead activation, using NIRS. But the discussion is confused, 
because we have few functional magnetic resonance images of frontal area. We calculated 
Laterality Indexes from NIRS multiple channel data. LI plot includes many indexes, and this 
clearly shows brain activation laterality. This plot can be applied to cognitive research. We know 



the laterality pattern according the task and the pattern change before and after the task. This 
opens the new perspective of educational research. 
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Abstract: While direct stimulation of the vagus nerve via implanted electrodes is currently used 
as a treatment for refractory epilepsy and depression, recent developments in non-invasive 
approaches have demonstrated similar beneficial effects. The purpose of the present study was to 
ascertain whether afferent vagal projections can be accessed non-invasively by transcutaneous 
electrical stimulation of the antero-lateral surface of the neck, which overlies the course of the 
vagus nerve. Methods: Thirteen healthy subjects underwent 2 fMRI scans in one session. Each 
participant experienced transcutaneous electrical stimulation of the right postero-lateral surface 
of the neck during scan #1 (control condition, sternocleidomastoid stimulation: “SCM”) and 
stimulation of the right antero-lateral surface of the neck during scan #2 (experimental condition, 
non-invasive vagus nerve stimulation: “nVNS”). The duration of stimulation was 2min for each 
condition, and was followed by a 15min post-stimulation period to assess possible persistent 
effects of the stimulation. Mean group effects were analyzed to determine whether nVNS 
activated classical vagal projections to the brainstem and forebrain, compared to baseline and 
SCM stimulation. Results: Compared to baseline and control (SCM) stimulation, nVNS 
significantly activated primary vagal projections including the nucleus of the solitary tract 
(primary central relay of vagal afferents), parabrachial area, primary sensory cortex, and insula. 
Regions of the basal ganglia and frontal cortex were also significantly activated. Deactivations 
were found in the hippocampus, visual cortex, and spinal trigeminal nucleus. During the post-
nVNS period, there was initially regional deactivation, approximately 5min later some of the 
brain regions increased in activity (e.g., hypothalamus), followed by deactivation at the end of 
the post-nVNS period. Brainstem activations during the post-nVNS period were found within the 
substantia nigra, ventral tegmental area, raphe nuclei, and periaqueductal gray. Conclusion: The 
present findings provide evidence in humans that cervical vagal afferents can be accessed non-
invasively via transcutaneous electrical stimulation of the antero-lateral surface of the neck 
(nVNS), which overlies the course of the nerve. These findings suggest an alternative and 
feasible method of stimulating vagal afferents. 
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Abstract: Introduction: Functional magnetic resonance imaging (fMRI) measures the 
hemodynamic response to neuronal activity, but more evidence is needed to understand how far 
the high-resolution fMRI response spreads relative to the evoked neuronal activity. The olfactory 
bulb is an ideal model system to study this issue because synapses localized to a single layer can 
be preferentially evoked by a selective stimulation. We previously showed that fMRI signal 
increases due to lateral olfactory tract (LOT) stimulation are highly localized to the evoked 
synapses in the external plexiform layer (EPL); but it is unknown whether dilation of local 
microvessels is the dominating source of our fMRI measurements. 
Methods: In α-chloralose anesthetized rats, LOT was stimulated in a block design experiment (-
200 µA, 200 µs pulse duration, 40 Hz, ~1 min stimulus duration, 4 min interstimulus interval); 
and high-resolution (55 x 55 x 500 µm3) blood volume-weighted fMRI responses were measured 
at 9.4 T. Line profiles from 330-µm thick slabs that orthogonally transected the bulb layers were 
obtained and the full width at half maximum (FWHM) of the evoked fMRI peaks due to LOT 
stimulation were measured. In a different rat, blood vessels were stained with DyLight594 
Tomato lectin (Vector Laboratories, DL-1177) and the anatomical vascular architecture of EPL 



was imaged by 3D CLARITY. The FWHM data were compared to the vessel diameters, lengths 
and volumes calculated by volumetric analysis of the CLARITY images. 
Results: The mean FWHM of the fMRI peaks was 347 ± 102 µm (mean ± SD, n = 30 peaks 
from 5 rats, 3 slices each rat, 2 peaks each slice), where the mean anatomical thickness of EPL at 
these lines was 265 ± 65 µm. The fMRI spatial spread beyond the anatomical thickness of EPL 
was estimated by a least squares linear regression analysis. The regression intercept (± SE), 
which approximates this spread, was 106 ± 65 µm (r2 = 0.34, p < 0.001, df = 28). With 
CLARITY, microvessels that had diameters <12 µm accounted for the majority of the total 
vascular volume (65.8%) present in EPL and had an average length of 54.8 ± 41.2 µm (± SD, n = 
398 vessel segments). 
Conclusions: Our preliminary results indicate that the LOT-evoked fMRI signal spreads ~100 
µm from the evoked layer EPL (~50 µm on each leg of the fMRI response peaks). This spread 
coincides with the mean length of microvessels (~50 µm), the predominate vascular 
compartment in EPL. 
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Abstract: Introduction 
Near infrared spectroscopy (NIRS) calculates the changes in hemoglobin parameters. NIRS is 
widely used in brain science, psychology and clinical field to evaluate the brain activations 
because of its easy operation compared to other brain measurement systems. Purpose of this 
study is to validate the methods capturing the brain activities by simultaneous EEG and NIRS 
recording during Kraepelin test and 2-digit addition calculation task.  
Methods 
University students (average, 22 years old) from Mathematics Educational division were 
recruited as subjects. We conducted EEG and NIRS recording simultaneously during two types 



of calculation tasks. One of the calculation tasks was Kraepelin test and the other was 2- digit 
addition test. NIRS : We used NIRS system (Spectratech, Inc., Japan) having 16 channels and 
put the sensors on the forehead. Laterality Indexes (LI) were calculated as (Left-Right) / 
(Left+Right) with the changes in oxygenated hemoglobin by NIRS system.EEG : We attached 10 
scalp EEG electrodes (Fp1,Fp2, F3,F4,Fz,Cz,T3, T4, O1 and O2)on the head according to 10-20 
system and recorded EEG data using polymate II AP216 (TEAC Corp., Japan). Time-frequency 
analysis was applied to EEG data to evaluate Fm theta wave activity. 
Results 
During the Kraepelin task EEG began showing Fm theta activities 40 seconds after started the 
task. These Fm theta activities showed maximum power (µV2) over the Fz electrodes and it also 
showed slightly higher power on the left side (F3) compared to the right side (F4). NIRS showed 
oxyHb elevation immediately after started the task. NIRS LI on lateral frontal channel which 
corresponded with F3 EEG position showed always positive. During the 2-digit addition task 
EEG showed no clear tendency however subtraction of theta band power by time frequency 
analysis showed obvious left predominant activities. All of NIRS LIs showed always positive. 
Conclusion 
This study showed that there were difference of the brain activities between 2-digit calculation 
task and Kraepelin task. These differences may need to be considered in the educational 
research. Combined with several measuring modalities give us additional information because 
the timing of the hemodynamic activation in NIRS differs from the neural activities in EEG. 
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Abstract: Here we report our findings on portal vein shunts (PS) in naïve C57Bl/6J mice. This 
confirms and extends the study by Cudalbu et al. 2013 which showed that large portion of 
C57Bl/6J mice and strains derived from it suffer from this devastating anatomical defect. While 



this anomaly must have numerous so far uncharacterized manifestations in affected mice, 
hyperammonemia is one of the most theoretically obvious. Due to absent portal venous uptake, 
several substances are not delivered to liver for processing. In the case of excess ammonia in the 
CNS, astrocyte specific glutamine synthethase detoxifies ammonia to glutamine (GLN) and 
increase of it is reliably detectable by proton MR spectroscopy (1H-MRS) in vivo. Our results 
confirm seriously altered brain metabolic profile, and extend seen in vivo effects everything from 
altered bodyweight and brain volumes to defective liver enzymes, different brain FDG-PET 
readouts and affected behavior. Our material consisted 119 five weeks old male C57Bl/6J mice 
from which total of 11 mice (9.2%) were diagnosed with portal vein shunt using high GLN 
levels in 1H-MRS study at 11.7T field strength. Body weight matched control group with normal 
GLN levels was established and all study mice went through the MR angiography that confirmed 
the absence of normal portal circulation in all high GLN mice. Brain volumes were 
longitudinally assessed at 5, 8, 12 and 16 weeks and PS mice had consistently higher brain 
volumes. PS mice gained more weight from early phase of the study and showed behavioral 
alterations in the rotarod and open-field. FDG-PET signal was significantly increased in the PS 
animals suggesting longer bioavailability of FDG due to defective hepatic circulation. Blood 
clinical chemistry showed defective liver enzymes, AST and ALT at group level, but with 
overlap in individuals which rejects this test as a diagnostic tool. Similarly as ammonia, bile 
acids are supposed to be delivered back to liver through portal vein, and we observed up to 50-
fold increase in serum/plasma total bile acids in PS mice with not even close overlap between the 
groups. Our laboratory has performed vast amount (>10000) of 1H-MRS scans in pure C57Bl/6J 
and transgenic mouse strains derived from it. After meta-analysis of data, 10% seems valid 
estimate on pure C57Bl/6J that we have obtained. Worst transgenic cohorts with C57Bl/6J 
background have been shown close to 50% prevalence of PS. Together these results show that 
pure C57Bl/6J mice and strains derived from it should be used with extreme care, preferably 
only after screening out the mice with PS. We propose plasma/serum total bile acids as 
affordable and widely available screening method for portal shunts in mice. 
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Title: An fMRI and movement evaluation of Tai Chi and water aerobics training 
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Abstract: Introduction: Aging is related to changes in brain structure and function, which may 
lead to cognitive declines, as well as physical and behavioral changes. Physical activity may 
have an important role in cognitive and physical health during the aging process. Objective: To 
evaluate Tai Chi and water aerobics training effects in an fMRI and gait laboratory examinations. 
Methods: A total of 16 elders (age> 60) from 2 independent groups, 8 Tai Chi (TC) and 8 Water 
Aerobics (WA) were matched by gender, years of education and age. Participants filled 
questionnaires, were examined in the gait laboratory (subjects underwent the anthropometric 
measurements protocol requested by Vicon® system for carrying out the three dimensional 
examination of gait) and were scanned in a 3.0T Siemmens MRI equipment during an fMRI 
Stroop Word-Color Task. Results: The TC group seamed to need a smaller amplitude range of 
the main joints during gait, performing the walk task in a more centered way, and maybe with 
smaller energy expenditure than the WA group; the TC group maintained joints closer to a 
neutral position during the entire step cycle than the WA group. Functional magnetic resonance 
imaging results showed smaller activation in attention areas in the TC when compared to the 
WA, confirming the smaller cognitive load during the Stroop Word Color Task in the TC group. 
Conclusion: Tai Chi may help practitioners to develop a more centered movement related to the 
body axis, a more neutral use of joints, more gravity-related embodiement and a more effective 
use of attentional systems compared with Water Aerobics. 
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Title: Investigating the role of cortical temperature in neurovascular function and the 
mechanisms underpinning the anti-epileptic effects of focal cerebral cooling. 
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Abstract: Understanding how changes in cortical temperature affect neurovascular function is 
relevant to the calibration, development, and interpretation, of existing and novel functional 
neuroimaging techniques, and can offer insights into neurological disease progression and 
prevention. Here, we address this issue by employing a novel multi-modal methodology that 
allows the examination of cortical temperature, tissue oxygenation and blood flow concurrently 
with laminar electrophysiology and spatial measures of hemoglobin concentration. Multi-modal 
measures were assessed in the whisker barrel cortex of the urethane-anesthetized rat during 
sensory stimulation, (16s, 5Hz, 1.2mA), hypercapnia challenge (5 and 10%) and recurrent acute 
neocortical seizures induced by infusion of 4-aminopyridine (4-AP, 15mM, 1µl). Significant 
increases (p < 0.01) in cortical temperature were observed during sensory stimulation 
(0.19±0.02oC), 5% hypercapnia (0.89±0.11oC), 10% hypercapnia (1.46±0.19oC), and recurrent 
seizures (1.78±0.08oC). Cortical temperature increases between conditions were significantly 
different (p < 0.05) with the exception of 10% hypercapnia and the ictal condition (p = 0.36). 
Hypercapnic challenges induced a dose dependent increase in cerebral hemodynamics and 
decrease in spontaneous neuronal activity, and changes in cerebral metabolic rate. Uncoupling 
between cerebral blood flow (CBF) and total hemoglobin concentration (Hbt) was seen during 
the return to baseline at higher levels of hypercapnia and during seizure activity. Complex 
changes in cortical tissue oxygenation were also observed during seizure initiation and 
propagation. Interestingly, increases in cortical temperature were more closely coupled to 
increases in Hbt than CBF, possibly due to inflow of core-temperature blood and increased 
capillary hyperemia. On-going research involves cortical superfusion of temperature-controlled 
saline to actively manipulate cortical temperature and examine the role of thermoregulation in 
neurovascular coupling and the therapeutic benefits of cortical cooling in neocortical epilepsy. 
Our results have important implications for pre-clinical functional neuroimaging methods in 
health and disease, and elucidate the role of cortical temperature in the maintenance of normal 
neurovascular function. 
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Abstract: Recent functional magnetic resonance imaging (fMRI) studies (Farr et al., 2014; 
Mueller et al., 2014) showed that the oral administration of methylphenidate (MPH), a dopamine 
agonist, induced contrastive effects on resting state brain functional connectivity. For instance 
connectivity within thalamus-dorsal attention networks increased, while connectivity in striato-
thalamo-cortical networks decreased. Given the incomplete understanding of the potential effects 
of MPH on human brain function, and its increasing importance in the treatment of ADHD and 
similar neurological diseases (Rubia et al., 2009), this study aimed to examine, for the first time, 
the impact MPH (0.5 mg/kg, iv) on local functional connectivity density (lfcd), a connectivity 
measure emphasizing the similarities between neighboring voxel activations (Tomasi & Volkow, 
2010). In a controlled single-blinded settings, we ran a resting state fMRI study in cannabis 
abusers (n=13) and in healthy controls (n=16) after iv placebo and on a separate day after iv 
MPH. Standard fMRI preprocessing routines were applied including motion correction and 
scrubbing (Power et al., 2014), global signal was taken out, and 6mm smoothing, lfcd threshold 
was set to 0.6. Our results show that, compared to placebo (PL), MPH decreased lfcd in the 
Thalamus (total n=29, uncorrected cluster-level p-value 0.002 as found in a t-test using PL-MPH 
contrast including all subjects). We were not able to find any interaction between PL/MPH 
administration and cannabis/healthy groups in a 2X2 flexible factorial analysis, using drug 
administration as within subject factor, and group as a between subject factor. We argue that 
MPH is potentially minimizing the similarity of the activation patterns between the neighboring 
voxels in the thalamus thus changing the sub-regional specificity and pace-making routines in 
cortico-thalamo-cortical loops. Overall, our results indicate that iv MPH has similar effects as 
oral MPH, and that its influence on lfcd is most pronounced in the thalamus. 



 

Disclosures:  S.B. Demiral: None. D. Tomasi: None. C. Wiers: None. E. Shokri-Kojori: 
None. G. Wang: None. N.D. Volkow: None. 

Poster 

632. Blood Flow and Functional Imaging 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 632.16/EEE11 

Topic: F.06. Brain Blood Flow, Metabolism, and Homeostasis 

Support: KAKENHI #26460695 

Title: Attenuation of descending and limbic pain modulatory activities during offset analgesia in 
chronic pain patients: a functional magnetic resonance imaging study 

Authors: *S. ZHANG, E. IKEDA, T. LI, H. KOBINATA, T. OTA, K. MAKITA, J. KURATA;  
Anesthesiol., Tokyo Med. and Dent. Univ., Tokyo, Japan 



Abstract: Chronification of pain potentially involves pathological modification of the 
descending pain inhibitory system (DPIS). We examined cerebral substrates of such modification 
by functional magnetic resonance imaging (fMRI) and a thermal stimulation paradigm causing 
offset analgesia (OA), an endogenous pain inhibition characterized by a disproportionately large 
reduction in pain perception after a small decrease in thermal pain stimulus. [Method] We 
recruited 17 chronic pain patients (CP) and age-gender-matched 17 healthy control subjects 
(HC). We recorded their psychophysical variables including PainDETECT questionnaire (PD-
Q), Short-Form McGill Pain Questionnaire (MPQ), Pain Catastrophizing Scale (PCS) and Beck 
Depression Inventory (BDI). We gave a mixture of peudorandom thermal pain stimulation 
paradigm, including 3 blocks of OA and 6 other sham blocks, on the left volar forearm of a 
subject while obtaining whole-brain fMRI on a 3.0 Tesla scanner. We used a thermal stimulator 
(Medoc, Israel) with a 3 cm-diameter probe and digital continuous recorder of pain ratings 
between 0 and 10. The OA block consisted of a series of 5-s 46ºC (T1), 5-s 47ºC (T2), and 20-s 
46ºC stimuli (T3), between 32ºC-rest conditions. The sham blocks consisted of three 30-s 46ºC 
stimuli and three 10-s stimuli with T1+T2 only. Functional images were compared between the 
groups with fixed-effects general linear model analysis at a threshold of uncorrected p < 0.00001 
by BrainVoyager QX (BrainInnovation, Netherlands). [Results] During OA, we observed a 
rapid, disproportionate decrease of pain rating on T3 in both groups. Although the magnitudes of 
OA were comparable, the pain rating was approximately 30% slower in CP than in HS. During 
OA, the CP showed deactivation at the bilateral medial prefrontal cortex (mPFC), left posterior 
cingulate cortex (PCC), right dorsolateral prefrontal cortex (DLPFC), right hippocampus, and 
right amygdala, while the HC showed stationary or positive activation in those areas. On the 
other hand, bilateral fusiform gyri showed stationary activation in CP but activated robustly in 
HC. The blood oxygenation level-dependent amplitudes at the maximal OA response of CP was 
negatively correlated with MPQ at the PCC, positively correlated with PD-Q at the mPFC, 
positively correlated with PCS and BDI at the right amygdala (p<0.05). [Conclusion] In CP, 
deactivations at the mPFC, PCC, and DLPFC might represent dysfunction of the DPIS; and those 
at the subcortical limbic system might be associated with negative emotions. Dysfunction of both 
the cortical and limbic pain modulatory systems might possibly contribute to the cerebral 
mechanisms of pain chronification. 
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Abstract: To approach neural tissue to investigate brain function, stable and accessible cranial 
window is needed for living animal. We developed the new type of cranial window in 
comparable clarity and stability with conventional glass type window. Big advantage of our soft 
window is that the window provides multi-site penetration with multiple times by a glass pipette 
or electrode without causing fluid leakages. The silicon-based soft cover material has sufficient 
physical properties for penetration by retaining high elastic, flexible, transparent, and 
biocompatible features. This window can be simply fabricated in laboratory and also easily 
tailored to any size or shape to cover desired brain area of rat and mouse. We have succeed the 
longitudinal two-photon imaging for microglial observation before and after chemicals injection 
into the cortex. In addition, this system allows awake two-photon imaging over 1 hour while the 
animal was running over treadmill. The soft cranial window showed long term (>3 months) 
solidity for real-time optical image and electrophysiological recording. Our window technique 
can provide the new flat form to study various longitudinal and real-time neuroscientific 
approaches for investigation of dynamic brain function. 
Funding: IBS-R015-D1 in Republic of Korea. 
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Abstract: Introduction: Cerebral blood flow (CBF) measurements have been widely used as 
biomarkers of neural activity in cognitive and clinical neuroscience studies. Arterial spin labeling 
(ASL) perfusion MRI can noninvasively quantify CBF thus is increasingly used to access 
regional brain function in humans. Previous studies have consistently demonstrated high test-
retest reliability of quantitative CBF over time. However, the reproducibility of task-induced 
CBF activation remain unclear. Here we aimed to quantify test-retest reliability of absolute CBF 
values and relative CBF activation levels induced by a psychomotor vigilance test (PVT) during 
a well-controlled protocol. Method: We analyzed data from 15 healthy control subjects (6 
females, mean age = 35±9 years) from a 5-day and 4-night sleep study. Participants slept 8-9 
hours every night in the laboratory. Their waking and diet behaviors were continuously 
monitored throughout the experiment. Each subject were scanned three times on the morning of 
days 2, 3, and 5. Both voxel-wise and region-of-interest (ROI) analyses were conducted. Intra-
class correlation coefficients (ICC) were calculated to quantify test-retest reliability across three 
scans. Results: PVT performance demonstrated very high test-retest reliability (ICC values 
ranged from 0.870 to 0.936) across three scans. Voxel-wise analysis of the absolute CBF values 
also showed very high test-retest reliability for both resting and PVT scans, with the ICC values 



slightly higher during the PVT (median ICC = 0.932) than at rest (median ICC = 0.908 and 
0.907). However, the test-retest reliability of relative CBF changes with task was much lower 
from both voxel-wise and ROI analyses, with ICC values ranging from 0 to 0.648 for the PVT-
induced activation and deactivation clusters. Conclusion: Regardless of resting or task scans, 
absolute CBF showed excellent reproducibility across three scans with ICC values comparable to 
those of PVT performance. which are consistent with previous studies. However, task induced 
changes in regional CBF during the PVT showed much lower reproducibility, suggesting that 
PVT performance may not be maintained by a consistent neural substrate. These findings suggest 
a preference of using absolute CBF over relative CBF activation as a biomarker for regional 
brain function in future studies. 
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Abstract: The advent of two-photon fluorescence microscopy has opened unprecedented 
opportunities in revealing neuronal firing, hemodynamic changes, and metabolic activity on 
microscopic level in vivo. However, data interpretation of two-photon fluorescence microscopy 
on dyes with small signal change such as β-nicotinamide adenine dinucleotide (NADH), a key 
metabolic marker, faces enormous challenge because the measured signal change is often highly 
distorted by hemodynamic changes. Prior work [Baraghis et al, Journal of Biomedical Optics 16, 
106003 (2011) and Sauer et al, SFN 2014] modeled two-photon NADH fluorescence with 
precise maps of cortical microvasculature and corrected for the measured NADH signal change 
by using the fluorescence change of Sulforhodamine 101 (SR101), a functionally inert dye 
topically applied to the cortex. However, we only simulated for one animal model (a rat) and one 
dye, NADH. Here, we extend the prior work to systematically calculate the point to point 
correction factor using real 3D microvasculatures in two animal models (rats and mice) and two 
different dyes (NADH and Oregon Green 488 BAPTA-1, OGB). We have found that for both 
animal models and dyes: 1) the correction factors vary significantly with the appearance of large 
vessels near the pial surface while they tend to be more homogeneous at deeper depths (Figure: 
1st three columns show the correction factor at 40, 60, 80, 100, 120, 140, 200, 300 and 400 
microns. 4th column shows the corresponding vasculatures). 2) a single-value correction factor 
may be used to effectively correct the hemodynamic distortion in layer II or deeper depths. The 
residual error after the correction is comparable to the experimental error. Our study may help 
quantify cellular NADH signal change and is also applicable to two-photon fluorescent 
measurements where changes of tissue optical properties affect measured signals, thus allowing 
more accurate interpretation of functional imaging studies. 
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Abstract: Voxel-based morphometry (VBM) analysis of magnetic resonance images (MRI) has 
revealed structural changes in the brain gray matter following visuomotor task (Draganski et al., 
2004). Recently, we found such gray matter changes occur even with relatively short-term (i.e., 
hours) visuomotor task (Kodama et al. in prep). Possible neurobiological factors behind such 
short-term structural changes may be changes in astrocytes or vessels (Berg et al., 2012), which 
is due to metabolic processes accompanying with neural activities in the corresponding area. It is 
therefore suggested a possible use of VBM as a functional measurement of a whole brain 
activity. In order to test its feasibility, the present study evaluated correlations between gray 
matter volume increase and blood oxygenation level dependent signals during saccadic eye 
movement task, and tested the similarity of these images. Twelve healthy volunteers participated 
in the study. Participants performed a total of 288 trials (six blocks) of saccade task in the MR 
machine. At the start of each block, the participant fixated a dot displayed at the center of a 
computer monitor in front of their face. After the fixation dot disappeared, a saccade target 
appeared rightward or leftward of the center. Dependent on the color of the fixation dot, 
participants were instructed to look at the opposite direction or the same direction of the target. 
We acquired fMRI BOLD signals during the task, and T1-weighted structural MR images for 
VBM immediately before and after the task. In VBM analysis, significant gray matter increases 
after an hour of saccade training were detected in the visual cortex, the supplementary eye field 
(p<.001, unc), the intraparietal sulcus and the basal ganglia, which is previously known to be 
involved in saccade tasks (Deseilligny et al., 2004). In fMRI analysis, task-related brain activities 
were detected in the similar brain regions to VBM analysis, suggesting that gray matter changes 
reflect neuronal activities in these regions. In contrast, gray matter increase was detected in the 
right thalamus, whereas fMRI analysis did not show significant BOLD changes. This difference 
may result from characteristic of the temporal pattern of neuronal activity in this region, which 
may be hardly detected by fMRI. Our findings open up new possibilities for functional brain 
imaging during motor activities, because VBM does not require movement constraint during the 
motor tasks like fMRI, nor invasive procedures like positron emission tomography. Future 
investigations are expected to evaluate quantitative relationship between motor learning or the 
motor activity level and gray matter volume increases. 
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Abstract: Consumer choices are driven by hedonic or utilitarian values. People buy hedonic 
goods for obtaining emotional experiences such as joy, or excitement, while they pursue 
utilitarian goods by pursuing functional or instrumental needs. Consumer researchers suggest 
that these different values map onto independent components of value dimensions. However, 
there is a hypothesis that common specific brain regions encode different types of value of 
goods. Especially, it has been suggested that ventromedial prefrontal cortex (vmPFC), and 
bilateral ventral striatum (VS) encode a wide range of economic values, when people explicitly 
engage in purchasing decisions (paying money for the goods). Although previous studies 
examined different category of goods, they have not differentiated hedonic and utilitarian value 
dimensions. Therefore, it remains uninvestigated which brain regions encode explicit value 
representations dependent or independent of hedonic/utilitarian value dimensions. In addition to 
that, the same brain regions (vmPFC and VS) are considered to capture automatic economic 
values when explicit economic evaluations are not required. However, it remains elusive which 
brain regions encode automatic value representations dependent or independent of 
hedonic/utilitarian value dimensions. We addressed these questions by scanning participants with 
functional magnetic resonance imaging. We investigated the brain activations during the 
processing of economic valuations in both hedonic and utilitarian goods (comic books for 
hedonic goods and how-to-book for utilitarian goods) at explicit and automatic stages. 
Participants performed two decision-making task across hedonic and utilitarian goods in which 
they made purchasing decisions (for which values are directly explicit) or perceptual decisions 
(for which values are unrelated to the purchasing decisions and therefore value representations 
are automatic). We found vmPFC and VS to encode explicit value representations independent 
of hedonic/utilitarian goods, but no unique brain regions to contain explicit value representations 
for either hedonic or utilitarian goods. We did not find brain regions to contain automatic value 
representations independent hedonic/utilitarian goods. While we did not find brain regions to 
contain automatic value representations uniquely for utilitarian goods, vmPFC encoded 
automatic value representations selectively for hedonic goods. Such a commensurable nature of 
explicit values and an automatic value representation selectively for hedonic dimension might 
provide insight into consumer decision theory based on neural evidences. 
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Abstract: Chronic fatigue syndrome (CFS) is characterized by profound and disabling fatigue 
leading to reductions in physical performances that are not explained by lack of fitness or 
muscular fatigue. Clinical work has suggested that these behavioural changes arise from 
dysfunctional beliefs about the ability to perform physically demanding tasks. 
Here, we explore how such beliefs bias feedback-driven behavioural adjustments during an 
effortful physical exertion task. 85 CFS patients and 29 controls exerted grip force at 30, 50 and 
70% of their maximal voluntary contraction (MVC) and received directional feedback on their 
performance (too much, too little, or correct). Beliefs were indexed with a clinical questionnaire 
assessing expected levels of fatigue evoked by various daily physical tasks (PARS). Neural 
correlates of biases in feedback-driven effort adjustment were assessed with fMRI. 
CFS patients showed a stronger force-related bias in feedback-driven effort adjustments than 
controls (force*group: F2,111 = 7.04, p<.01), while MVC (change) was matched across groups 
(p>.1). This bias was present only during trials requiring 70% of MVC. CFS patients showed 
smaller increases in force production after feedback indicating that too little force was produced, 
and larger reductions after feedback indicating that too much force was produced (T111 = -2.65, 
p<.01). Neurally, CFS-related bias was associated with weaker feedback-related signals in the 
dorsolateral prefrontal cortex (DLPFC, bilaterally, p<.015 family-wise error-corrected). Within 
the CFS group, larger force-related biases in feedback-driven effort adjustments were associated 
with lower DLPFC activity (r = .25, p<.02). CFS patients also report higher levels of fatigue 
expectations than HC (T111= 14.8, p<.001), and higher fatigue expectations were associated with 



larger behavioural biases in CFS patients (r = -.31, p<.01). 
These findings show that chronic fatigue is associated with biases in feedback-driven effort-
related behaviour. The DLPFC may play a critical role in biasing error-related adjustments to fit 
with prior beliefs about the ability to perform the task. These findings open the possibility of 
using objective behavioural and neural markers to index changes in CFS during therapeutic 
interventions that aim to change dysfunctional beliefs like cognitive behavioural therapy. 
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Abstract: Sickness in humans, associated for example with the systematic inflammatory 
responses to infection, is characterized by low mood and fatigue. At the behavioural level, there 
may be changes in motivation involving the reorganization of priorities but it is unclear which 
specific processes underlying motivation are altered. In rodents, recent work suggests that 
experimentally induced inflammation reduces high-effort choices, crucially without affecting 
reward preference1. 
Here, we examined the effect of systemic inflammation induced by experimental endotoxemia in 
humans. We tested whether bacterial endotoxin e. Coli lipopolysaccharide (LPS) affected effort 
or reward sensitivity using an effort-stake choice paradigm2. Participants first familiarised 
themselves with 5 different effort levels using hand-held dynamometers which they squeezed. 
On a trial-by-trial basis, they then made a series of decisions on whether the stake offered (5 
levels) was “worth the effort” (5 levels). Of 100 offers, 26 were selected to be performed 
afterwards. 29 healthy young males were administered either LPS (2ng/kg; n=14) or placebo 



(0.9% saline; n=15). The effort-stake task was assessed prior to LPS infusion, 2 and 5 hours 
post-infusion. Relationships between the acute cytokine responses (plasma levels of TNFα, IL6, 
IL8, IL10, IL1-ra) and changes in motivation and self-reported mood (depression and fatigue 
scales) were also assessed. 
Experimental endotoxemia resulted in a 1.3°c increase in temperature, and marked increases in 
all cytokines measured. After 2 hrs, systemic inflammation increased effort (F=3.2, p<0.05) but 
not reward (F=0.5, p>0.7) sensitivity relative to baseline and placebo. Importantly, LPS reduced 
willingness to accept high effort options, irrespective of reward. These group differences were 
absent by 5 hrs suggesting partial recovery. The change in effort sensitivity was linked to the 
extent of the pro-inflammatory response. Both IL6 and IL8 levels predicted the influence of 
effort on decisions made at 2 hrs (R2=0.6). Self-reported fatigue and depression were also 
increased then and associated with TNFα levels (R2=0.4). 
These results show that in humans inflammation affects effort but not reward sensitivity and that 
these changes are predicted by the acute pro-inflammatory cytokine response during 
experimental endotoxemia. The findings provide mechanistic insight into understanding 
motivational changes during sickness. 
1. Vichaya et al (2014), Neuropsychopharmacology, 39: 2884-2890. 
2. Bonnelle et al (2016), Cerebral Cortex, 26 (2): 807-819. 
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Abstract: Dopamine (DA) functioning within the striatum is believed to play a critical role in 
effort-based decision-making and effort-discounting. However, despite considerable research 
demonstrating DA’s involvement in motivated behavior, the specifics of this involvement are not 
fully understood. While research implicates midbrain DA neurons in valuation-related aspects of 
decision-making and in modulating the performance of reward-seeking behaviors, growing 
evidence suggests that DA is also required to mobilize effort expenditure in pursuit of rewards. 



To better understand how the striatum responds to effort and reward during effort-based choice, 
30 healthy participants completed a sequential effort-based decision-making task while 
undergoing functional magnetic resonance imaging (fMRI). In this task, participants completed a 
series of trials in which they chose between performing no effort for a fixed small reward or 
20%, 50%, 80% or 100% effort for a larger, variable reward. For each trial, information about 
the high-reward/high-effort option was presented sequentially; one piece of information (effort 
level or reward magnitude) was presented first followed by a jittered ISI and then the other piece 
of information. Order was counterbalanced across all levels of effort and reward. The advantage 
of this design is that it allows for the isolation of neural responses to effort or reward alone, and 
their subsequent integration. Using this task, we were interested to see how the striatum responds 
to the addition of high effort or low reward information following high reward or low effort 
presentation. 
If striatal signals primarily encode discounted utility function, we might expect decreased striatal 
activity following the addition of high effort or low reward. Consistent with this, we observed 
increased nucleus accumbens activity when low effort information was presented first when 
compared to the addition of low reward (pFWE = 0.038, SVC). In contrast, if the striatum also 
encodes the value of overcoming effortful response costs, we might expect greater striatal 
activity when high effort information is added. This was also observed in anterior caudate during 
trials in which high reward values were followed by the presentation of high effort information 
(pFDR<0.05, SVC). 
Taken together, these results suggest the coexistence of discounting and effort mobilization 
signals in the striatum. Importantly, these signals were anatomically segregated, possibly 
implicating differential involvement of DAergic signaling. These data have the potential to 
increase understanding of the neurobiological mechanisms underlying motivated decision-
making. 
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Abstract: Animals and humans have to constantly make decisions about whether it is worth 
exerting effort to obtain rewards. Such subjective evaluations (SV) of the cost and benefit of 
exerting effort to obtain a reward are central to motivated behavior. Yet, effort must be exerted in 
different domains of behaviour. In the modern era, countless tasks we perform are highly 
cognitively demanding and require minimal physical exertion, but the converse is also true for 
many of other behaviours. However, very little is known about the computational or neural basis 
of how different effort costs are subjectively weighed against rewards. Is there a common, 
domain-general system of brain areas that evaluates all costs and benefits? We used 
computational modelling and functional magnetic resonance imaging (fMRI) to examine the 
mechanisms underlying SV processing in both the cognitive and physical domains. 
Training - Participants trained on two tasks which parametrically varied in cognitive or physical 
effort and were rewarded if performance met a pre-specified criteria. For the cognitive task, 
subjects were required to make peripheral switches of attention to detect targets during a 14s trial 
(Apps et al., 2015, Sci. Reports). For the physical task subjects were required to sustain a force 
grip at one of six different percentages of their maximum voluntary contraction for 14s (Chong 
et al., 2015, Cortex). 
Scanning - During fMRI, participants indicated their preferences between a fixed low-effort/low-
reward option and a variable higher-effort/higher-reward offer separately for each effort domain. 
10 choices for each task were randomly selected and executed after scanning. 
Results and Conclusions - Using model comparison approaches we were able to show that 
individuals’ motivation is significantly correlated between domains, but rewards were valued 
differently within each domain. The devaluation of rewards was hyperbolic for cognitive effort 
but parabolic for physical effort. We examined activity covarying trial by trial with SV according 
to the model. Strikingly, the SV of both types of effort was processed by a largely common 
network of areas including dorsomedial and dorsolateral prefrontal cortex, intraparietal sulcus 
and anterior insula. However, we also identified a unique, domain-specific role of the amygdala 
for processing the SV of rewards only when associated with cognitive effort. These results are 
the first to reveal the neurocomputational mechanisms underlying subjective cost-benefit 
valuation across different domains of effort, and provide insight into the multidimensional nature 
of motivation. 
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Abstract: It has been considered that dopamine (DA) has two distinct roles, (1) representing 
reward-prediction-error (RPE) and (2) providing motivational drive. Normative theories have 
been proposed for both the role as RPE and the role as motivational drive in the framework of 
reinforcement learning (RL). On the other hand, from a bottom-up, mechanistic point of view, 
underlying cellular/circuit mechanisms for the motivational role remain more elusive than those 
for the role as RPE. Here, we explored a unified mechanistic account for the DA's two roles in 
the framework of RL, with an assumption that DA, not only phasic DA but also recently 
observed sustained DA that has been suggested to represent motivational drive, consistently 
represents RPE. Specifically, in the framework of RL, we examined the effects of the 
decay/forgetting of leaned values that was shown in our previous study to cause sustained RPE, 
which could explain the observed sustained DA. To examine behavior that can reflect the level 
of motivation, we modeled self-paced approach towards a goal as a series of ‘Go’ or ‘No-Go’ (or 
‘Stay’) selections, and defined ‘motivation’ as the time (number of time steps) required for goal-
reaching. Through simulations, we found that the value-decay can enhance ‘motivation’, i.e., can 
facilitate fast goal-reaching. Mathematical analyses revealed that there are two underlying 
potential mechanisms: (1) a gradient of ‘Go’ values towards a goal generated by decay-induced 
sustained RPE, and (2) value-contrast between ‘Go’ and ‘No-Go’ generated because chosen 
values are continually updated whereas unchosen values simply decay. Our model can 
potentially explain several key experimental findings that suggest the DA's role as motivational 
drive, specifically, (i) slowdown of behavior by post-training blockade of DA signaling, (ii) 
severe impairment of costly seeking distant rewards but not of seeking/liking immediate rewards 
by DA blockade, and (iii) relationships between reward amounts, motivation levels, and DA 



levels. Since DA was assumed to consistently represent RPE in our model, these results suggest 
that the DA's two roles, RPE and motivational drive, can be coherently understood in the 
framework of RL, provided there exists decay/forgetting of learned values that can be 
implemented as synaptic decay. 
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Abstract: Motivation deficits are a prominent negative symptom of schizophrenia, and it is 
therefore of clinical relevance to determine the genetic influences underlying motivation-related 
neural activity. Functional magnetic resonance imaging (fMRI) studies have revealed that 
activation of the ventral striatum (vStr) and the ventral tegmental area/substantia nigra 
(VTA/SN) region of the midbrain are associated with motivational processes in humans. 
Recently, we used random forest multiple regression to determine the influence of multi-genetic 
variation within distinct neurotransmitter gene-sets on motivation-evoked fMRI signals in the 
VTA/SN midbrain and vStr. It was determined that multi-genetic effects/epistasis in the GABA 
gene-set account for 3.66% of variance in motivation-related midbrain signal (pempirical = 0.00). 
Within these genes, a functional single nucleotide polymorphism (SNP) in the GABAa receptor 
was identified as most influential, thus implicating GABAa receptor signaling as important in the 
neural basis of motivational processes. NKCC1 is an ion channel that can mediate GABAa 
receptor activity indirectly by modulating intracellular Cl- concentration, and the minor allele of 
a functional NKCC1 SNP, rs3087889, has been associated with increased schizophrenia risk. 
Therefore, in the current study, we investigated the influence of the rs3087889 NKCC1 SNP on 
motivation-related midbrain activity using a variation of the monetary incentive delay (MID) 
task in fMRI. We isolated motivation-related (high motivation cues > low motivation cues) 
midbrain activity in healthy subjects (n = 86) and performed a multiple regression analysis in 



which this activity was regressed on rs3087889 genotype. We found that the risk-associated 
allele (A) of rs3087889 significantly predicted reduced VTA/SN midbrain motivation-related 
activity [peak = -6, -22, -22, t(84) = 2.54; p < 0.01]. These results implicate genetic variation in 
the NKCC1 gene as a determinant of motivation-related midbrain activity, and, because the 
minor allele of rs3087889 is associated with schizophrenia risk, may be relevant to the genetic 
basis of motivation deficits in schizophrenia. 
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Abstract: People tend to think of visual perception as a veridical representation of the physical 
world, but what we want can influence what we see. Previous work demonstrates that the 
perception of ambiguous or bistable visual stimuli is biased in favor of percepts associated with 
positive outcomes. In this study, we explored the neural mechanisms underlying motivational 
influences on visual perception. We investigated if motivation enhances preparatory neural 
activity selective to desired perceptual features in anticipation of a stimulus, or if it increases the 
neural sensitivity to those features during stimulus presentation. 
Human participants performed a visual categorization task with images comprising a mixture of 
a face and a scene in different proportions. For each image, participants were rewarded for 
correctly indicating whether the image predominantly displayed a face or a scene. Prior to seeing 
each image, a teammate or an opponent placed a bet about whether the upcoming image would 
predominantly display a face or a scene. For teammate trials, participants won a bonus if 
teammates bet correctly, but lost money if the teammates bet incorrectly. For opponent trials, 
participants lost money if opponents bet correctly, but won a bonus if opponents bet incorrectly. 
As such, participants were motivated to see the type of image consistent with the teammate’s 



bets, and to see the type of image inconsistent with the opponent’s bets. Crucially, the reward 
maximizing strategy is to ignore the bets and perform the classification as accurately as possible. 
Nevertheless, we found that the bets shifted participants’ sensitivity to the motivation-consistent 
category - for the same face to scene ratio, participants were more likely to classify an image as 
belonging to a category if they were motivated to see that category. 
We then applied multi-voxel pattern analysis methods to participants’ BOLD response to 
quantify the level of face-selective and scene-selective activity in the ventral visual stream, both 
when participants saw the bet (pre-stimulus period) and when participants saw the image 
(stimulus presentation). Category-selective activity during the pre-stimulus period was not higher 
when participants were motivated to see the category, indicating that motivation did not enhance 
preparatory category-selective activity. Instead, motivation increased the neural gain to the 
motivation-consistent category during stimulus presentation. These results suggest that 
motivation can influence perception, and might do so via gain control mechanisms that increase 
neural sensitivity to motivation-consistent perceptual features. 
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Abstract: Dysfunctional conditioned motivational states contribute to a variety of affective 
disorders, such as addiction, overeating, depression, and compulsive gambling, which 
collectively inflict a great toll on public health. Despite this, we lack a comprehensive 
understanding of how the brain creates motivation that can promote psychopathology, a major 
obstacle to establishing effective treatments. Addiction in particular is characterized by 



exaggerated, compulsive drug seeking, often spurred by drug-associated cues, and a persistent 
threat of relapse. Dopamine neurons originating from midbrain regions like the ventral tegmental 
area (VTA) and substantia nigra (SN) have received attention for their role in reward-related 
processes, including addiction, but it remains unclear how heterogeneity within these systems 
maps onto behavioral function to facilitate conditioned motivation in adaptive reward-seeking 
states, or maladaptive states like in addiction. In a series of studies, we found that optogenetic 
activation of VTA DA neurons in TH-cre rats, and specifically those projecting to the nucleus 
accumbens core, but not shell, is sufficient to instantiate previously neutral Pavlovian cues (e.g. 
lights and tones) with incentive motivational value, making the cues attractive and reinforcing in 
their own right. By comparison, cues paired with optogenetic stimulation of SN neurons, 
including those specifically those projecting to the most dorsal part of the striatum, invigorated 
movement, but the cues themselves do not become attractive or reinforce actions. In contrast to 
these divergent conditioned responses, optogenetic stimulation of VTA or SN DA neurons, and 
also their respective projections to core, shell, and dorsal striatum, similarly reinforces self-
stimulation behavior. These results suggest that DA neurons promote distinct conditioned 
motivational processes as a function of both anatomical location and projection target, but 
primary reinforcement is consistently mediated by DA neurons throughout the midbrain. In 
ongoing experiments, we are expanding on these results to understand these systems in the 
context of addiction. Using in vivo deep brain calcium imaging, we are visualizing the activity of 
DA and GABA neurons across the VTA and SN, and their projections to striatum, prefrontal 
cortex, and thalamus, to determine how different midbrain circuits encode cocaine reward and 
cocaine-seeking behaviors. 
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Abstract: The mesolimbic dopamine system continues to mature throughout adolescence into 
early adulthood. Neuroimaging has characterized increases in ventral striatal activation across 
adolescence during reward-motivated behaviors; however, relatively less work has investigated 
interactions between the ventral striatum and the ventral tegmental area (VTA), the source of 
mesolimbic dopamine neurons. The current study characterized VTA connectivity with its 
mesolimbic targets across adolescent neurodevelopment. To determine the developmental 
trajectory of this system as a function of individuals' goal states, we assessed connectivity in both 
neutral and rewarding contexts. FMRI data was collected in 170 individuals ranging in age 
between 10-30 years old. Participants completed both a resting-state task (neutral context) and a 
reward-motivated anti-saccade task (rewarding context). To compare results across tasks, we 
characterized ‘background connectivity of the reward-motivated anti-saccade task, which reflects 
intrinsic connectivity between regions after removing task-related activity. Results indicate a 
significant decrease in VTA-ventral striatal coupling in the rewarding context as individual's 
approached adulthood (p < 0.001). Conversely, there were no differences in VTA-ventral striatal 
coupling as a function of age in the neutral context (i.e., resting state scan, p = 0.93). These 
findings support a model by which connectivity of the VTA with its mesolimbic targets is 
relatively stable across adolescence, however, the ability to engage this circuit in motivational-
relevant contexts continuous to mature into early adulthood. Future analysis will incorporate 
VTA network connectivity with other mesolimbic targets including ventromedial prefrontal 
cortex, hippocampus, and dorsal striatum. 
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Abstract: Previous research indicates that motivational states are modulated by reward 
prospects. A large number of behavioural studies have found a robust facilitation effect of 
reward, which has been observed across many aspects of cognitive control, including conflict 
processing. Recent research has focused on this relationship between control and motivation, and 
how these constructs contribute to the selection of specific actions. Neuroimaging findings 
indicate several cortical regions that are associated with performance in both reward and conflict 
tasks, further adding to the evidence of a motivation-control link. Despite this, only a few studies 
have examined this relationship using multimodal methods, which may provide a bridge between 
the temporal dynamics and the neural correlates of reward and control interactions. Here, we 
utilised simultaneous EEG-fMRI recording to investigate the influence of reward availability in a 
picture-word interference (conflict) task in healthy individuals. Event-related potential (ERP) 
analyses revealed P3 and N450-like components (related to reward- and conflict-processing, 
respectively). Interestingly, incongruent trials elicited a more positive N450 amplitude compared 
to the control (congruent and neutral) trials, which was mainly driven by the rewarded 
incongruent trials, indicating a modulation of conflict by reward. fMRI analyses also identified a 
similar interaction in the insula and the anterior cingulate cortex (ACC), which showed smaller 
activation differences between the rewarded incongruent and control trials, compared to non-
rewarded trials. Additionally, an interaction was also observed in the midbrain; however, here 
the difference was larger for the rewarded trials, potentially reflecting increased effort to resolve 
the conflict. Finally, intermodal correlations were performed between the N450 and ACC, which 
is suggested to be one of the key mediating regions involved in reward-based decision making. 
As hypothesised, there was a positive correlation between the ERP and BOLD signal differences 
for the non-rewarded incongruent minus control condition, where the incongruent trials elicited 
stronger neural responses in both EEG and fMRI compared to control. However, in the rewarded 
trials, only the N450 showed a large difference, indicating that ACC activity is strongly driven 
by reward that may override any conflict-related activations when averaged over time. This 
suggests that conflict processing within the context of reward is a transient process that may only 
be detected using temporally sensitive methods, highlighting the importance of multimodal 
recordings. 
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Abstract: Importance: Disrupted brain reward processing, mainly driven by ventral striatal 
(VS) dysfunction, is considered a key process in addictive behaviours. However, conflicting 
results have been reported on the exact nature and direction of reward processing disruptions in 
addiction using functional Magnetic Resonance Imaging (fMRI). In the context of addiction, 
both hypo and hyper activation have been reported during both anticipation and outcome 
notification of rewards. 
Objective: To identify brain reward processing disruptions during anticipation and outcome 
notification of monetary rewards in addicted individuals by image-based meta-analysis of fMRI 
studies. Data Sources: Pubmed until January 2015.  
Study Selection: Inclusion criteria: 1) reward task involving monetary reward anticipation 
and/or outcome; 2) addictive behavior including substance addiction or gambling disorder; 3) 
healthy control group. Exclusion criteria: 1) Age < 18; 2) recreational substance use or gambling; 
3) at risk group; 4) patient overlap between studies using the same task. 
Data Extraction and Synthesis: Study procedures were conducted in line with the MOOSE 
guidelines. Using Seed-based d Mapping software, meta-analyses were performed with group T-
maps from individual studies as input (83% response rate from authors for sending group T-
maps).  
Main Outcome and Measures: Estimation of cross-study consistency of between-group 
differences in reward-related brain activation patterns for reward anticipation and outcome. 
Results: 25 studies were included in the meta-analyses representing 643 individuals showing 
addictive behaviors and 609 healthy controls. Data was analysed using Seed-based d Mapping 
software using non-parametric statistics and with a statistical threshold that offers a protection 
against false positives that is similar to a corrected p<0.05. The main findings include decreased 
VS activation across individuals with different types of addictive behaviour (including substance 
addiction and gambling) compared with healthy controls during reward anticipation. During 
reward outcome, substance addicted individuals showed increased activation in the VS 
compared with healthy controls, whereas individuals with gambling disorder showed decreased 



activation in the dorsal striatum (DS) compared with healthy controls. 
Conclusions and Relevance: These findings cannot be directly reconciled with any of the 
currently dominant addiction theories, including the Reward Deficiency Syndrome, Incentive 
Salience Theory or Impulsivity Theory. As such, we believe they are helpful in refining current 
hypotheses about reward dysfunction in addition. 
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Abstract: Over a decade of human and monkey studies have shown that the structural integrity 
of the right ventrolateral prefrontal cortex (vlPFC) is critical for motor inhibition. Most of these 
studies, however, have not examined inhibition under incentivized conditions. In this study, we 
imaged structural connections from vlPFC, and functional brain activity associated with motor 
inhibition to earn monetary incentives (n=23, mean age=37, right-handed). We found that while 
high incentives enhanced faster motor responses to obtain incentives (paired t(22)=4.22, 
p<0.001), they also increased the difficulty of inhibiting motor responses (paired t(22)=-2.88, 
p<0.01). We then identified a white-matter tract connecting the vlPFC to the anterior insula 
(AIns), and also replicated characterization of a tract connecting the AIns to the nucleus 
accumbens (NAcc). Individual differences in the coherence of both of these tracts, in addition to 
functional brain activity, were independently associated with individual differences in successful 
inhibition for high incentives, even after controlling for age (F(5,17)=35.06, p<0.0001; AIns-
NAcc: B=0.60, t=7.73, p<0.0001; vlPFC-AIns: B=-0.61, t=-7.43, p<0.0001; AIns activity: 



B=0.23, t=2.52, p<0.05; vlPFC activity: B=0.29, t=3.20, p<0.01; age: B=-0.07, t=-0.9, p=0.40; 
all coefficients are standardized). However, it was unclear whether functional brain activity 
during anticipation of high incentives was blunted due to uncertainty in mixed task demands to 
both motorically respond as well as inhibit responses. To test this possibility, we compared brain 
activity in the incentivized inhibition (MIDI) task to a monetary incentive delay (MID) task that 
required only motor responses without inhibition. Contrasts revealed that subjects showed higher 
NAcc activity during anticipation of equivalently high gains in the MIDI vs the MID task (VOI 
analysis: paired t(22)=1.96, p=0.06). Together, these findings validate a new incentivized 
inhibition task, indicate that knowledge about brain structure can guide functional and behavioral 
models, and clarify multiple brain systems that subserve incentivized inhibition. 
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Abstract: Goal-conflict situations, involving the simultaneous presence of reward and 
punishment, occur commonly in real life, and are known to unfold rapidly within our ever-
changing environment. Such conflicts increase the complexity of motivational decision making 
and reflect well-known individual differences in the behavioral tendency to approach or avoid. 
However, despite accumulating neural depiction of motivational processing, the investigation of 
real life approach behavior and its interplay with individual tendencies is remarkably lacking. To 
that end, we developed a novel ecological interactive scenario which triggers motivational 



behavior under high- or low- goal-conflict conditions. 55 healthy subjects played the game 
during an fMRI scan. Machine learning approach was applied to classify approach/avoidance 
behaviors during the game. To achieve an independent measure of individual tendencies, 
integrative profile was composed from three established theoretical models. Results 
demonstrated an extensive network underpinning dynamic approach behavior, including regions 
involved in incentive processing (e.g. Ventral Striatum [VS], Ventral Tegmental Area [VTA]), 
saliency tagging (e.g. Pulvinar and anterior Insula) and motor planning (e.g. supplementary 
motor area, premotor cortex). More specifically, approach under high-conflict involved activity 
confined to VTA, PAG, VS and precuneus. Notably, only VS and VTA activations during high-
conflict discriminated between approach/avoidance personality profiles, suggesting that the 
relationship between integrative personality profile and naturalistic motivational tendencies is 
uniquely associated with the mesostriatal pathway. These findings are the first to unravel the 
multilevel relations between personality profile, real-time behavioral differences in approach 
tendencies and their underlying neural manifestation; thus enable new avenues for investigating 
approach-related psychopathologies. 
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Abstract: Previously, we reported that the combination of stress and scopolamine severely 
impaired simple memory and that stress augmented scopolamine-induced memory deficits, 
producing a condition resembling that seen in the aged and in Alzheimer’s patients. This study 
examined the involvement of the medial prefrontal cortex (mPFc) and the basolateral amygdala 
(BLA) in motivation and further examined the effects of scopolamine on motivation, using two 
appetitive tasks with differential workloads. Male Wistar rats were shaped to press a lever for a 
food reward, then received NMDA (10µg/µl, 0.5µl/site) or sham lesions in the mPFc or the BLA. 



After recovery, rats were given alternating sessions of fixed ratio 5 (FR5) and fixed ratio 20 
(FR20). The FR20 entailed a higher workload, and food procurement on the schedule required a 
higher level of motivation and more sustained attention. Prefrontal lesions markedly impaired 
performance on FR5 and FR20, with greater deficits during FR20, reflecting an impairment in 
motivation due to a greater workload requiring sustained attention. BLA lesions had little to no 
effect on FR5 but produced a slight impairment during FR20. Scopolamine-induced deficits were 
greater during FR20. Neither lesions nor scopolamine affected consummatory behavior. Our 
results suggest that the mPFc, but not the BLA, plays a role in motivation to procure food, and 
that the mPFc is necessary when a greater response requirement and sustained attention are in 
demand. Our results also suggest that the muscarinic receptor modulates prefrontal involvement 
in motivation, and they predict impaired motivation in Alzheimer’s patients under conditions 
with a greater workload. 
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Abstract: It is known that subthreshold depression has a considerable impact on the quality of 
life, carries an elevated risk of developing a major depression, and can lead to serious functional 
impairment, including a negative impact on academic performance and social activity. Given 



these concerns, it is very important to elucidate the pathogenic mechanisms underlying 
subthreshold depression and to develop effective interventions. It has been demonstrated that 
individuals with depression show negatively distorted evaluation of one’s own self using his or 
her friend’s viewpoint, and such altered self referential processing led to maintenance of 
depressive symptoms. Behavioral activation (BA) is one key component of cognitive behavior 
therapy for depression, and is an effective intervention for the treatment of major depression. 
However, brain mechanisms underlying the BA are not fully understood. We examined the effect 
of BA on neural activation during other perspective self referential processing in subthreshold 
depression. Freshmen attending Hiroshima University were recruited for the randomized 
controlled trial. Fifty-nine subjects underwent fMRI scans during a referential task with two 
viewpoints (self / other) and two emotional valences (positive / negative). For the intervention 
group, the scan occurred both before and after BA intervention, and the control group was also 
scanned twice, with an interval of 5 weeks without any intervention. We found an increased 
activation in the dorsal medial prefrontal cortex (dmPFC) in other perspective self reference for 
positive words after BA, and there was a positive correlation between the increased activation in 
the dmPFC and improvement of depressive symptoms. Additionally, reaction times for other 
perspective self referential judgement for positive words was increased in the intervention group 
after BA, and there was a positive correlation between improvement of depressive symptoms and 
the increased reaction times. BA increased dmPFC activation during other perspective self 
referential processing of positive words processing with improvement of depressive symptoms 
and increased reaction times which were associated with improvement of self monitoring 
function. These results suggest that BA led to increased activation in the dmPFC during other 
perspective self referential processing of positive words in people with subthreshold depression, 
which might contribute to improvement in depressive symptoms and objective monitoring 
function. 
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Abstract: To investigate real-time, naturalistic social decision-making, we collected EEG within 
a real-time, relatively unrestricted social game. Two subjects took part in each session (N = 26; 
11 complete dyads). Subjects took turns touching one of two bubble animations shown on a 
screen between them with the goal of eliciting a “big pop” (high reward) instead of a “dull 
bloop” (low reward). Subjects were naïve to the feedback selection contingencies -- touching the 
same bubble that the other player had touched on the previous turn produces a pop -- and thus 
had to learn it by trial and error. Each session consisted of a 64-trial rule-learning block followed 
by two unpredictable blocks (totaling 400 trials) in which the outcome contingencies were 
reversed in 20% of the trials (randomly selected), and lastly a block of 48 trials with the original 
contingencies. Late Positive Complex (‘P3’) features of scalp ERPs were modulated by reward 
and uncertainty. We used independent component analysis (AMICA) to unmix the EEG signals, 
then clustered the resulting independent components (ICs) using k-means based on the 
equivalent dipole location. We further analyzed two IC clusters that accounted for the most ERP 
variance from 200 to 700ms. The equivalent dipole locations of ICs contributing to these two 
clusters were localized to different regions of anterior cingulate cortex (ACC): one centro-
medial, the other rostro-inferior. ERP amplitudes for the more centro-medial-ACC cluster were 
larger for high-reward outcomes (F(3,33) = 3.02, p = 0.04) whereas for the more rostral-ACC 
cluster ERP amplitudes were larger following unexpected outcomes (F(3,30) = 4.34, p = 0.01). 
These results suggest that reward and uncertainty processing exhibit unique dynamics in 
distinguishable cortical networks. Further, these results provide additional evidence that the 
LPC/P3 consists of multiple spatially, temporally and functionally distinct source processes. 
Incidentally, the dynamics reported showed qualitatively similar, but non-significant, trends in 
trials in which participants viewed their partner’s actions. 
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Abstract: The recently-advanced multiband echo planar imaging (MB-EPI) technique has 
become increasingly used in functional magnetic resonance imaging (fMRI) studies. In this study 
to examine whether MB-EPI can detect brain activation as satisfactorily as standard EPI (ST-
EPI) in the reward system, we scanned twenty-four healthy human participants (twelve females 
and twelve males; mean age = 20.0 years, range = 18-23 years) using both MB-EPI (multiband 
factor = 5, TR = 720 ms, voxel size = 3 mm3, TE = 30 ms, slice number = 45, flip angel = 52°) 
and ST-EPI (TR = 2500 ms, voxel size = 3 mm3, TE = 30 ms, slice number = 38, flip angel = 
80°). Participants took part in two fMRI sessions, one with MB-EPI and the other with ST-EPI, 
separated by five-minute break. The order of the sessions was counterbalanced across 
participants. In each fMRI session, participants performed 100 trials (divided into two runs) of 
the monetary incentive delay (MID) task. The task included five reward cue conditions (0 yen, 
±20 yen, and ±400 yen), and the outcomes were defined as either hits or misses based on the 
participant’s reaction time to a visual target presented after the cue. To identify brain activation 
to reward anticipation, we contrasted the hemodynamic response to the high-gain (+400 yen) vs. 
low-gain (+20 yen) cue. To identify brain activation to reward outcome, we contrasted hit vs. 
miss outcomes in the gain (+20 or +400 yen) trials. In the reward anticipation phase, we 
observed significant activation in the ventral striatum both in ST-EPI and MB-EPI sessions (one-
sample t test, P < 0.05, FWE corrected across the whole brain), with no significant difference 
between the sessions (paired t test, P > 0.05, FWE corrected within the anatomical mask of the 
striatum). Likewise in the reward outcome phase, both ST-EPI and MB-EPI showed significant 
activation (one-sample t test, P < 0.05, FWE corrected across the whole brain) in the 
ventromedial prefrontal cortex (vmPFC), with no significant difference between the sessions 
(paired t test, P > 0.05, FWE corrected within the anatomical mask of the vmPFC). The results 
of the current study demonstrate that MB-EPI is as useful as ST-EPI in detection of brain 
activation in the striatum and vmPFC: two predominant brain regions of interest related to 
reward anticipation and outcome phase, respectively. Given the broader spatial coverage of the 
brain and higher temporal resolution, MB-EPI is a promising option to study the functions of the 
reward system as well as its interactions with other brain regions. The advantages of MB-EPI 



will be further enhanced by selecting optimal scan parameters (TR, voxel size, and multiband 
factor), which should be determined in future studies. 
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Abstract: Serotonin is often hailed as a positive regulator of emotion, but it also has a dark side. 
Selective serotonin reuptake inhibitors (SSRIs) often induce a negative emotional state 
characterized by feelings of anxiety and panic. The circuits through 5-HT modulates which these 
aversive states have not been defined, but converging evidence has implicated the bed nucleus of 
the stria terminalis (BNST) as a critical neural substrate. Recent work in our lab suggests that 5-
HT2C receptors in the BNST increase excitability of a subset of CRF neurons that enhance cued 
fear recall, but that these actions are opposed by 5-HT1A receptors. In order elucidate the role of 
5-HT1A receptors in fear-related behavior, we utilized a transgenic floxed 5-HT1A receptor mouse 
to genetically delete 5-HT1A receptors in the BNST. Specifically, viral vectors containing the 
gene for Cre recombinase or a control vector were infused into the BNST of genetically modified 
5-HT1A receptor mice. Using a classic tone/shock fear conditioning paradigm, we then assessed 
fear learning and recall. Our preliminary results indicate that genetic deletion of 5-HT1A 
receptors in the BNST reduces cued fear but enhances contextual fear recall. These data suggest 
that associative fear learning may be bidirectionally modulated by 5-HT1A and 5-HT2C receptors 
in the BNST. 
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Abstract: Anxiety and depression together represent the second largest cause of years lived with 
disability (YLD) (Vos et al. 2012), and the World Health Organization projects that by 2020, 
neuropsychiatric conditions will account for 15 % of YLD worldwide. Depression and anxiety 
show comorbidity of up to 60 %, suggesting that there is overlap in the underlying 
pathophysiological mechanism. Sad mood and lack of pleasure in daily situations (anhedonia) 
are common features of depression, while an excessive and overwhelming sense of worry and 
anticipation of fear are common features of anxiety. 
It is widely reported in the literature that the stimulation of adult hippocampal neurogenesis, is 
required for the therapeutic effect of different classes of anti-depressant drugs: serotonin 
reuptake inhibitors, selective norepinephrine reuptake inhibitors and electroconvulsive shock 
(Duman 2004). Conversely, decreased neurogenesis is associated with anxiety and depression in 
mice (Snyder et al. 2011) and in humans (Drew & Hen 2007). Hence, targeting mechanisms that 
regulate adult hippocampal neurogenesis is expected to induce neuroplasticity changes that 
improve mood and alleviate anxiety and depression. 
c-Jun N-terminal kinases (JNKs) are members of the mitogen-activated protein kinase (MAPK) 
family that regulate physiological and pathological processes in the central nervous system 
(Coffey 2014). In particular, JNK1 is a dominant regulator of neuronal differentiation during 
development. Here, we investigate the role of JNK1 in adult hippocampal neurogenesis using 
knockout mice and inhibitor infusion. Histological analysis of brain sections from these animals 
display significant changes in hippocampal neurogenesis, dentate gyrus volume and dendritic 



morphology upon genetic ablation of Jnk1, as does infusion with a specific inhibitor of JNK. We 
will present data from a battery of behavioral tests that measure anxiety and depression-related 
behavior in mice where JNK signaling is disturbed following genetic ablation, pharmacological 
inhibition or retroviral targeting of neurogenic niche cells. 
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Abstract: The social interaction habituation (SI-hab) protocol has been used to demonstrate that 
rats acquire social familiarity-induced anxiolysis (SoFiA), which is a type of safety learning 
where rats display reduced anxiety-like behavior (anxiolysis) in the presence of a familiar 
partner. SoFiA acquisition is dependent on both anxiogenic stimulus and social familiarity 
during training sessions. Additionally, SoFiA acquisition and expression are dependent on the 
ventro-medial prefrontal cortex (vmPFC). Thus SoFiA acquisition and expression can be 
simplified into four different constructs: social memory, anxiety, safety learning and anxiolysis 
and these constructs are hypothesized to be coordinated by the vmPFC. However, the SoFiA 
neural circuitry has not been identified. As a first step towards elucidating the SoFiA neural 
circuitry we are identifying key neural structures with activity patterns corresponding to each of 
the SoFiA constructs. The SoFiA constructs can be isolated, by manipulating the SI-hab 
protocol. Briefly, the SI-hab protocol involves a baseline SI test followed by 5 daily social 
training sessions, which are comprised of a 5 min social interaction test. Two main factors during 
the social training sessions were manipulated, type of conspecific (familiar or novel) and 
anxiogenic stimulus (low vs high). The anxiogenic stimuli for these studies were control (dim 



light) for low and the bright light challenge (BLC) for high anxiety stimulus. Anxiety-like 
behavior was determined by social interaction (SI) time, time experimental rat spent initiating 
social investigation, where SI time is inversely related to anxiety-like behavior. This resulted in 
four groups: 1. Control (low anxiety + novel partner); 2. Social memory (low anxiety + familiar 
partner); 3. Anxiety (high anxiety + novel partner); 4. SoFiA (high anxiety + familiar partner). 
As expected, for groups 1 & 2 SI time remained similar to baseline across all SI-hab sessions, 
indicating no change in anxiety-like behavior. Compared to baseline, group 3 displayed reduced 
SI time during all SI-hab sessions. Group 4 displayed a transient reduction in SI time in the 
initial SI-hab sessions, compared to baseline, and returned to baseline SI times by day5 
indicating a SoFiA response. For experiment 1, rats were perfused 90 min following the last SI-
hab session and brains were processed for cFos immunohistochemistry. Rats for experiment 2 
were sacrificed and brains were processed for RNA isolation for immediate early gene 
expression (qPCR). From these tissues we are in the process of identifying brain regions with 
immediate early gene expression that correspond with the 4 treatment conditions. 
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Abstract: Growing evidence indicates that pharmacotherapy of cancer can be associated with an 
increased incidence of anxiety, depression, and cognitive impairments that persist long after 



chemotherapy has concluded. In the current study we examine for the presence of behavioural 
markers of such deficits in our previously established model of chemotherapy-induced alopecia 
in juvenile, female C57BL/6 mice, and determine whether the known neuroprotectant, (-
)deprenyl, can prevent such changes. All animals were housed on a reverse light cycle with food 
and water ad libitum. Mice were depilated at 5-6 weeks of age and cyclophosphamide (150 
mg/kg i.p.) administered on days 7, 9, and 11 post-depilation. On day 7 post-depilation animals 
also had an osmotic minipump implanted intraperitoneally for delivery of either (-)deprenyl 
(0.01 - 1 mg/kg/day) or vehicle. At various time points post-cyclophosphamide animals were 
tested for anxiety (elevated plus maze), depression (forced swim) and cognition (fear memory) 
with euthanasia at post-depilation day 35. Weight change, and food and water consumption was 
monitored daily. A pronounced anorectic effect of cyclophosphamide administration was 
observed (P < 0.001) which lasted for the duration of the study. Daily administration of (-
)deprenyl dose-dependently normalized weight gain. In contrast, daily intake of food and water 
was not altered by any of the treatments. Weight loss in the presence of normal food intake 
suggests a change in metabolic set-point in response to cyclophosphamide that is prevented by 
concurrent low dose (-)deprenyl. Although general locomotor activity of animals was not altered, 
cyclophosphamide administration was associated with a pronounced anxiogenic effect, with 
treated animals spending significantly less time in the open arms of the elevated plus maze (P < 
0.01). This effect was also prevented in a dose-dependent manner by (-)deprenyl. In contrast, no 
evidence of cognitive decline was observed when tested one week following the last dose of 
cyclophosphamide. Forced swim data is currently being analyzed. In conclusion, at doses that 
induce alopecia, cyclophosphamide treatment also induces an anorectic and anxiety phenotype in 
juvenile, female, C57BL/6 mice consistent with clinical reports. This can be prevented by low 
dose co-administration of the neuroprotectant (-)deprenyl. As such (-)deprenyl may be a useful 
adjunct to prevent the side effects associated with cancer chemotherapy. 
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Abstract: Endogenous orphanin FQ/nociceptin (OFQ/N) has been implicated in anxiety and the 
rewarding action of alcohol. However, the role of sex in this regard has not been studied 
previously. Thus, one of the goals of the current study was to determine if the level of anxiety or 
the magnitude of alcohol-induced conditioned place preference (CPP) would be different 
between mice lacking the prepro-OFQ/N (ppOFQ/N) and their wild-type controls, and if there 
would be a sex-related difference in this response. Considering that anxiety may be one of the 
leading causes of alcohol use disorder and alcoholism, we also examined if exposure to the 
elevated plus maze (EPM), that is widely used as a model of fear and anxiety, would alter the 
rewarding action of alcohol and whether there is a sex-related difference in this regard. Male and 
female mice lacking the ppOFQ/N gene and their wild-type controls were either tested for 
anxiety-like behaviors using the EPM test (exposed group) or left undisturbed (not-exposed 
group). The following week mice were tested for alcohol-induced CPP, in which mice were 
tested for baseline place preference on day 1, conditioned with saline/alcohol (2 g/kg) or 
alcohol/saline twice daily (15 min each session) on days 2-4 and then tested for postconditioning 
place preference on day 5. Our results showed that male but not female mice lacking the 
ppOFQ/N gene spent lesser time on the open arms of the EPM compared to their wild-type 
littermates, suggesting that null mice exhibited more anxiety-like behaviors compared to their 
wild-type controls and there was a sex-related difference in this regard. While there was no 
difference in the magnitude of ethanol-induced CPP between non-exposed mice lacking the 
ppOFQ/N gene and their wild-type controls, there seemed to be a greater CPP response in female 
mice compared to male wild-type mice but this difference was not observed between male and 
female mice lacking the ppOFQ/N gene. Interestingly, male but not female mice lacking the 
ppOFQ/N exposed to the EPM exhibited a significantly greater CPP response compared to their 
wild-type controls. Together, the results of the present study show that the rewarding action of 
alcohol was enhanced in animals exhibiting greater anxiety and endogenous OFQ/N system may 
serve a protective role in this regard, and there may be a sex-related difference in this regard. 
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Abstract: The elevated plus maze (EPM) and elevated zero maze (EZM) are behavioral tests 
that are widely employed to assess anxiety-like behaviors in rats and mice following 
experimental manipulations, or to test the effects of pharmaceutical agents. Both of these tests 
are based on approach/avoidance conflict, with rodents perceived as “less anxious” being more 
willing to explore the brighter, open and elevated regions of the apparatus as opposed to 
remaining in the darkened and enclosed regions. There are experimental designs in which there 
may be a need to measure anxiety at multiple time points following an experimental 
manipulation, but there is a paucity of data regarding the effects of repeated testing in these 
apparatuses. In this experiment, male and female C57BL/6J mice were tested either daily or 
weekly in the EPM or EZM for a total of five exposures. Preliminary data suggest that mice tend 
to be more anxious in the EPM than in the EZM, as measured by the amount of time spent in the 
anxiogenic zones of the apparatus. Mice were more likely to habituate to the EPM than to the 
EZM with either daily or weekly testing, as both the total distance traveled and amount of time in 
the open arms of the EPM decreased with more exposures. These measures remained relatively 
stable in the EZM. There was a drastic effect of cohort on anxiety-like behaviors, which may 
have resulted from a change in housing rooms for one group of animals the day prior to the 
beginning of testing. However, this only had an effect on behavior in the EPM, suggesting that 
behavior in the EZM may be more resistant to the effects of environmental stressors. These 
preliminary data do not suggest any overt sex differences. In summary, results at this time 
indicate that the design of the EZM encourages greater exploration of anxiogenic regions in 
mice, and the lack of habituation to the apparatus makes the EZM more suitable for experimental 
designs in which repeated testing is necessary. 
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Abstract: Post-traumatic stress disorder (PTSD) is a severe anxiety disorder that can develop 
after experiencing a life-threatening trauma, such as combat service, assault, or natural disaster. 
Not everyone who experiences these types of traumas develops PTSD, suggesting that some 
neurobiological factors may confer resiliency, or risk, to the long-term negative effects of 
traumatic stress. Our laboratory has demonstrated that outbred Long-Evans rats show individual 
differences in conditioned anxiety-like behaviors, with significant variability in extinction of 
freezing behavior following fear conditioning, suggesting that this strain may serve as a useful 
model for characterizing the neurobiological mechanisms that underlie differential sensitivity to 
traumatic stress. The orexin/hypocretin system, in particular, has been implicated in the 
modulation of stress-induced anxiety-like behaviors and conditioned fear responses. 
Hypothalamic orexin neurons project to the prefrontal cortex and the amygdala, two brain 
regions known to mediate behavioral responses to stressful stimuli. Orexin neurons also project 
directly to cholinergic neurons in the basal forebrain, which modulate attentional processes 
through inputs to the prefrontal cortex and amygdala. Using dual label immunohistochemistry, 
Fos expression in orexinergic neurons was assessed to identify differential patterns of activation 
in these neuronal populations associated with individual differences in the extinction of fear-
conditioned freezing behaviors. Two cohorts of rats were exposed to three tone-shock pairings, 
followed by extinction training two days later in a novel environment with twenty cue (tone) 
presentations. Rats were divided into high or low extinction groups based on freezing behavior 
during the last ten minutes of this extinction trial. Extinction learning was assessed two days later 
and tissue was collected for immunohistochemical analysis. Rats showing resistance to fear 
extinction (high freezers) had significantly more dual Fos/orexin-A positive cell counts in the 
medial hypothalamus than low freezers, suggesting that differential activation of orexin neurons 
may contribute to individual differences in extinction of fear responses. Interestingly, no 
individual differences were detected in the lateral hypothalamus. Additional studies examining 



the behavioral and neurobiological effects of pharmacological manipulation of orexinergic 
signaling suggest that orexin activity may modulate consolidation of conditioned fear memories 
or expression of fear conditioned behaviors. Support: USC ASPIRE II funding to ACS and VA 
Merit Award 1I01BX001374 to MAW 
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Abstract: Lysine methyltransferase 2a (Kmt2a) and other regulators of H3 lysine 4 methylation, 
a histone modification enriched at promoters and enhancers, are widely expressed throughout the 
brain but molecular and cellular phenotypes in subcortical areas remain poorly explored. We 
report that Kmt2a conditional deletion in postnatal forebrain is associated with excessive 



nocturnal activity and paradoxical or blunted responses to stimulant and dopaminergic agonist 
drugs, in conjunction with near-complete loss of spike timing-dependent long term-potentiation 
(tLTP) in medium spiny neurons. Selective ablation of Kmt2a, but not the ortholog Kmt2b, in 
adult ventral striatum/nucleus accumbens neurons markedly increased anxiety scores in multiple 
behavioral paradigms. Striatal transcriptome sequencing in adult mutants identified 262 Kmt2a-
sensitive genes, mostly downregulated in Kmt2a deficient mice. Transcriptional repression 
includes the 5-Htr2a serotonin receptor, strongly associated with anxiety and depression related 
disorders in human and animal models. Consistent with the role of Kmt2a in active transcription, 
the transcriptional regulators Isl1 and Sp9 were downregulated and affected by H3K4 promoter 
hypomethylation. Therefore, Kmt2a regulates synaptic plasticity in striatal neurons and provides 
an epigenetic drug target for anxiety and dopamine-mediated behaviors. 
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Abstract: Obsessive Compulsive Disorder (OCD) is characterized by persistent, anxiety 
producing thoughts accompanied by overwhelming urges to perform repetitive, ritualistic 
behaviors. Modern pharmacological treatments for OCD are only effective in 40-60% of patients 
and have an 8-10 week delayed onset. Establishment of an animal model of this debilitating 
disorder would provide an invaluable research tool for the development of new avenues of 
treatment. The current study evaluated environmental effects on an animal model of OCD based 
upon neonatal exposure to clomipramine, an uptake inhibitor of serotonin and norepinephrine. In 



this model, experimental male Sprague-Dawley rats are administered 15 mg/kg clomipramine 
twice daily during neonatal Days 9-16 (= neoclom). Prior studies have demonstrated that the 
neoclomipramine model has both face and predictive validity assessed via the Hole Board, 
Marble Arena, and Elevated Plus Maze (SFN and FUN abstracts, 2013, 2014, 2015). To 
investigate the influence of diverse environmental conditions upon this OCD model, the present 
study quantified the behaviors of neoclom and control rats following long term housing in either 
an enriched or an isolated environment. Results showed that neonatal exposure to 
clomipramine attenuated the effects of being housed in an ISOLATED environment. 
Control animals reared in an ENRICHED environment spent significantly more time in open 
arms of EPM, less time in closed arms, and had more open arm entries and total arm entries as 
compared to control rats reared in ISOLATION. In the Hole Board, control rats reared in an 
ENRICHED environment trended toward poking less than control ISOLATED rats (p=0.057). 
However, neoclom ENRICHED rats only differed from neoclom ISOLATED rats in the number 
of pokes per hole. Results also indicated that being housed in isolation noticeably attenuated 
the effects of neonatal exposure to CLOMIPRAMINE. Compared to enriched CONTROL 
rats, enriched rats neonatally exposed to CLOMIPRAMINE spent significantly more time in the 
closed arms and had trends for less time spent in the open arms (p=0.072), less open arm entries 
(p=0.061), less total arm entries (p=0.065) and more pokes (p=0.063). In contrast, the only 
behavioral difference exhibited by isolated NEOCLOM rats versus isolated CONTROL animals 
was a trend for more time spent in closed arms of the EPM (p=0.070). Taken together, the 
present study emphasizes the importance of environmental conditions when evaluating the 
validity of behavioral animal models of OCD and other anxiety disorders. 
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Abstract: It has been previously demonstrated that exposure to various stressors can modulate 
amino acids and monoamines in different brain regions. Social defeat stress has been shown to 
modulate dopamine (DA) levels in the basal ganglia and cortex (Tidely and Miczek, 1996), 
restraint stress was shown to modulate levels glutamate (Glu) and aspartate levels in the 
amygdala (Reznikov; 2007), cortex and basal ganglia (Moghaddam, 2006), and psychological 
stress was shown to modulate serotonin (5HT) levels in the amygdala and cortex (Kawahara et 
al, 1993). Based on some of these findings, we set out to do a side by side comparison of 
different stress models (chronic social defeat, psychological stress induced by foot shock, and 
restraint stress) on changes in a panel of neurotransmitters (NT) in the brain of freely moving 
rats. To this end, bi-lateral microdialysis probes were placed in the prefrontal cortex and 
amygdala of adult rats and the levels of DA, 5HT, Glu, norepinephrine (NE), gamma-
aminobutyric acid (GABA), and glycine (gly) were measured before, during and after exposure 
to various stressors. We found regionally distinct changes within animals that were paradigm 
dependent. For example, increases in DA, 5HT, and NE were observed in the amygdala of rats 
exposed to foot shock while socially defeated animals showed an increase in cortical levels of 
DA, 5HT, NE, and GABA when exposed to aggressive animals. The current findings confirm 
and expand on previous published results on the ability of various stressors to modulate NT 
levels in different brain regions. We have been able to demonstrate that various brain regions and 
NT systems are differentially involved in the stress response. 
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Abstract: GLRB encodes the β-subunit of the adult glycine receptor (GlyR). This inhibitory ion 
channel is important for fast inhibitory neurotransmission in the central nervous system. Glycine 
receptors form a pentameric receptor complex of two α and three β subunits. The β subunit is 
required for GlyR anchoring via gephyrin to the postsynaptic cytoskeleton. So far, mutations in 
the GLRB gene have been assigned to the neuromotor disorder startle disease. Patients with this 
rare neurological disorder suffer from exaggerated startle responses following unexpected noise 
or tactile stimuli. 
A genome-wide association study provided evidence for a link between GLRB gene 
polymorphisms of agoraphobic (AG) patients with an anxiety phenotype based on an 
Agoraphobic Cognitions Questionnaire (ACQ) in healthy German volunteers. AG is 
characterized by abnormal open space behavior as well as distorted cognitive processes. Familial 
aggregation has been determined for AG and PD (panic disorder). Twin studies exhibited a 
respective heritability in PD and AG of about 38%-48%. 
To further analyze the possible cause of AG/PD phenotype by mutations within the GLRB gene, 
we performed an analysis of agoraphobic behavior in mice with a partial Glrb knock-out 
(spastic). So far, spastic mice resemble the best characterized Glrb mouse model. Homozygous 
spastic mice show a neuromotor phenotype due to a splice defect within the Glrb gene. The 
splice defect generates aberrant splice products that lack exon 6 or a combination of exons 5 and 
6. As a consequence, reduced amounts of full-length GlyR β protein have been observed. 
Heterozygous Glrb mutants lack about 50% of full-length GlyRβ in brain regions including 
cortex, cerebellum, thalamus, striatum, hippocampus, brain stem and spinal cord. Notably, 
heterozygous spastic mice show a quite inconspicuous behavioral phenotype, beside an 
avoidance of a novel open space, a behavior we recently confirmed to relate to agoraphobic fear 
in humans. 
In summary, our findings provide evidence that GLRB allelic variation may contribute not only 
to the neurological disorder hyperekplexia, but also to the risk of the categorical anxiety disorder 
PD/AG by increasing startle response and agoraphobic behavior. 
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Title: FKBP51 depletion upregulates HTR1A and ameliorates BDNF reduction and anxiety-like 
behavior in mice under chronic stress 

Authors: R.-H. HE1, C.-Y. WANG3, *Y.-H. LEE2;  
2Physiol., 1Natl. Yang-Ming Univ., Taipei, Taiwan; 3Chang Gung Univ., Taoyuan, Taiwan 

Abstract: FK506 binding protein 51 (FKBP51) encoded by Fkbp5 gene is a negative feedback 
co-chaperon of glucocorticoid receptor, and is upregulated in the brain under chronic stress. 
Overexpression of FKBP51 has been implicated in the drug resistance in patients with 
depression and bipolar disorders. 5-HT1A receptor (HTR1A) and BDNF are the two major mental 
state mediators downregulated in stress-induced depression, but whether their expressions are 
regulated by FKBP51 were unexplored. In the present study, we examined the role of FKBP51 in 
the expression of HTR1A and anxiety-like behavior used 4-day dexamethasone (Dex) intake-
induced stress mouse model. We found that 4-day Dex intake induced anxiety-like behavior in 
the elevated plus maze test but not depression-like behavior in the sucrose preference test. This 
behavioral phenotype was attenuated in Fkbp5-knockout (FKBP51KO) mice. The protein and 
mRNA levels of FKBP51 were elevated whereas BDNF were decreased under stress, and the 
latter was significantly upregulated in FKBP51KO mice. Interestingly, HTR1A expression was 
not affected under chronic stress in wild-type mice, but become much higher in FKBP51KO 
mice under stress. Together, the results suggest that FKBP51 plays important roles in the 
expresion of 5HT1A receptor and BDNF in stress-induced anxiety, which provide important clues 
for the therapeutic strategy of stress-induced neuropsychiatric disorders. 
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Title: Behavioral profiles of C57BL/6 and C57BL/10 mouse substrains: implications for genetic 
engineering studies 
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Abstract: C57BL/6 (B6) mice are the most widely used inbred strains in biomedical research. 
Several B6 substrains exist that have been maintained as isolated breeding populations for 



several decades. These B6 substrains are known to exhibit numerous behavioral and genetic 
differences. C57BL/10 (B10) mice have also given rise to a number of substrains, which are 
most commonly used for immunological rather than behavioral studies. We subjected a panel of 
thirteen different B6 and B10 substrains to a battery of behavioral tests relevant to addiction and 
psychiatric disorders. The panel included eight C57BL/6 strains (C57BL/6J, C57BL/6NJ, 
C57BL/6JBomTac, C57BL/6NTac, B6N-TyrC/BrdCrlCrl, C57BL/6NCrl, C57BL/6ByJ, and 
C57BL/6NHsd) and five C57BL/10 strains (C57BL/10J, C57BL/10ScCr, C57BL/10ScSnJ, 
C57BL/10SnJ, and C57BL/10ScNHsd). We found significant behavioral differences among the 
substrains in the open field test, locomotor response to cocaine, fear conditioning, prepulse 
inhibition, and forced swim test. Our results suggest these substrains have characteristic 
behavioral profiles that can present a challenge or opportunity for studying mutated genes of 
interest in disease-relevant CNS pathways. The genetic background should be carefully 
considered when selecting a substrain in order to detect the predicted behavioral phenotypes and 
interpret them appropriately. This approach may greatly facilitate the elucidation of candidate 
genes underlying behavioral differences in psychiatric disorders. We are currently conducting 
gene expression analyses in several tissues for each substrain in an effort to further understand 
their behavioral differences. 
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Title: Effects of NPTX2 on anxiety related behaviours in mice 

Authors: *G.-J. HUANG1, S. CHANG2;  
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Abstract: Anxiety disorders can have a significant impact on quality of life and exacerbate other 
psychiatric conditions associated with high morbidity and mortality such as depression. In our 
previous study, we used chronic exercise or antidepressants to alter animal anxiety and 
depression-like behaviours. We identified a list of candidate genes in the hippocampus for which 
changes in expression were associated with these interventions. Among these genes, we 
hypothesize that neuronal pentraxin 2 (NPTX2) plays an important role in anxiety. To confirm 



this, we specifically knocked out this gene in the central nervous system to by crossing Nptx2 
floxed mice with Sox1-Cre mice. Interestingly, Nptx2 KO mice exhibited higher levels of 
anxiety compared to WT mice. In addition, we revealed that Nptx2 KO mice feature decreased 
neurogenesis and dendritic spine density together with higher HPA axis and neuronal activity 
following acute stress. Next, to rule out the possibility that the anxiety phenotype in Nptx2 KO 
mice was due to impaired neurodevelopment, we crossed the Nptx2 floxed mice with CAG-
CreER mice to generate an inducible KO model. Our data indicated that inducible Nptx2 KO 
mice featured similar deficits. In conclusion, we demonstrated that Nptx2 influences anxiety 
behaviours, neurogenesis and neuronal activities. 
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Title: Forebrain Sirt1 regulates anxiety-like behavior 

Authors: *S. GHOSH, S. MUKHOPADHYAY, S. OLKAR, U. SEETHARAM-KOLTHUR, V. 
A. VAIDYA;  
Tata Inst. of Fundamental Res., Mumbai, India 

Abstract: Sirt1 is a NAD+ dependent protein deacetylase which acts as a metabolic sensor 
within several tissues. Sirt1 is highly expressed in the mammalian brain, including limbic circuits 
such as the hippocampus and prefrontal cortex. Multiple studies have shown that Sirt1 can 
regulate neuronal survival and differentiation, expression of trophic factors, and synaptic 
plasticity within these circuits. Previous reports using brain specific Sirt1 knockout mouse lines 
have implicated neuronal Sirt1 in the regulation of anxiety and depression-like behavior. 
However, the specific brain regions via which Sirt1 exerts its effects on mood remain poorly 
characterized. In our study, we have used a forebrain-specific Sirt1 knockout (Sirt1KO) mouse 
line, generated by crossing Emx1-Cre expressing mice to mice expressing an allele of Sirt1 in 
which exon 4, containing the catalytic unit, is flanked by loxP sites, to test whether selective 
removal of functional Sirt1 from the forebrain influences anxiety or depression-like behavior. 



Sirt1KO mice exhibit normal development, and were tested on a battery of anxiety and 
depression-like behavioral tasks upon reaching adulthood. Our results indicate that Sirt1KO 
animals display reduced anxiety in the open field test, with increased time spent and increased 
distance moved in the center. Sirt1KO mice also show anxiolytic behavior in the elevated plus 
maze test, with increased time spent and increased distance moved in the open arms. In contrast, 
depression-like behavior, as assessed by the tail suspension and forced swim tests, was 
unchanged in Sirt1KO mice when compared to their wild type littermate controls. Enhanced 
anxiolysis observed in forebrain-specific Sirt1KO mice recapitulates the decline in anxiety 
behavior observed in whole-brain Sirt1 knockout mice. In contrast, while whole-brain Sirt1 
knockout mice also exhibit antidepressant-like behaviors, forebrain-specific Sirt1KO mice do not 
show any change in depression-like behavior on behavioral despair tasks. Our studies support a 
role for forebrain cortical Sirt1 in the regulation of anxiety behavior. Experiments are currently 
underway to understand the specific regulation of Sirt1-responsive signaling pathways and 
molecular targets that may mechanistically mediate the behavioral changes observed in the 
forebrain-specific Sirt1KO mice. 
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Title: Functional role of cortical layer VIb in mouse behaviour 
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Abstract: Subplate neurons are amongst the earliest generated in the mammalian cerebral cortex 
and play a critical role during the development of cortical and thalamo-cortical circuits (Hoerder-
Suabedissen A, Molnár Z, 2015 Nat Rev Neurosci 16:133-46). The majority of this diverse cell 
group undergoes cell death over the course of postnatal development - the remainder forms 
cortical layer VIb. Although impaired subplate is linked to neurodevelopmental disorders 
(Hoerder-Suabedissen A et al, 2013 PNAS, 110:3555), little is known about the functional roles 
of the adult layer VIb. 



Here, we investigate putative functions of these cells by inhibiting evoked synaptic transmission 
in a subset of VIb neurons using a Drd1a-Cre line crossed with floxed Snap25 mice. We have 
found that the Drd1a+ layer VIb neurons project to higher order thalamic nuclei and hypothesise 
they are responsible for gating transthalamic communication of cortical areas. This raises the 
possibility that a small population of cortical neurons regulates a range of behaviours dependent 
on cortical function. 
Layer VIb is the only cortical cell population that responds to orexin, a key neurotransmitter for 
sleep and arousal (Bayer et al, 2002 J Neurosci. 22:7835-9), which is also important in regulating 
emotional behaviour, particularly fear and anxiety (Flores A et al, 2015 Trends Neurosci 38:550-
9). Based on this, we are investigating whether layer VIb plays a role in modulating behavioural 
performance in tasks associated to circadian activity, anxiety and fear. Our preliminary results 
reveal that silencing Drd1a+ layer VIb neurons does not affect circadian rhythms in normal and 
abnormal light/dark cycles but it had an anxiolytic effect on a range of behavioural tasks in a 
cohort of VIb mutants and wildtype controls (n = 20). We found that VIb “silenced” mice spent 
more time in open arms in the elevated plus maze (p<0.001), more time in the light area of the 
light-dark box (p<0.05) and also approached novel foods more quickly (p<0.05). We are 
currently investigating this system further by manipulating function of this largely 
uncharacterised cortical layer. 
Determining the function of layer VIb neuronal populations could reveal a novel element in 
cortico-thalamic circuits and how cortical areas communicate. This circuit is known to be 
severely disrupted in neuropsychiatric disorders and may have a major influence on the mode of 
information processing. 
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Title: Subchronic treatment with the immunosuppressant rapamycin alters behavior in rats 
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Abstract: The immunosuppressant rapamycin inhibits the activity of the mammalian target of 
rapamycin (mTOR), a protein kinase that is known to play an important role in cell growth, cell 
proliferation, and antibody production. Due to its antiproliferative and immunosuppressive 
properties this drug is widely used in clinical situations such as prevention of acute graft 
rejection after organ transplantation, as anti-tumor medication, or for the treatment of 
autoimmune diseases. In the brain mTOR-signaling appears to be important as well since it is 
involved in different physiological and pathophysiological processes. However, clinical 
observations show that patients undergoing small-molecule drug immunosuppression frequently 
suffer from mood and anxiety disorders. Whether and to what extent these neuropsychiatric 
disturbances occur as direct result of the patient's medical history or are attributed to treatment 
with the immunosuppressive drugs remains elusive in most cases. Based on our previous work, 
analyzing the effects of acute rapamycin on brain activity and behavior the present study 
investigated in rats whether and to what extent subchronic treatment with this mTOR inhibitor, 
better reflecting the clinical conditions in patients, affects behavior in rats, as well. We here show 
that subchronic rapamycin in therapeutically relevant doses increased anxiety-like behavior 
while depressive-like behavior and locomotor activity were not affected. Our results indicate that 
treatment with rapamycin may play a role in the development of unfavorable effects on 
neurobehavioral outcomes in patients undergoing immunosuppressive therapy with mTOR 
inhibitors. 
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Title: Models of chronic opioid exposure on avoidance behavior 
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Abstract: Previous research (Sheynin et al. 2016) reported that male patients in an opioid-
maintenance program (e.g. methadone maintenance) acquire active avoidance behavior quicker 
than females in the same program or male/females control subjects. Moreover, those male 
patients were slow to extinguish the avoidance behavior. This study was conducted to test 
whether chronic exposure to methadone facilitates acquisition of an active avoidance operant 
behavior (lever-press) in both male Sprague Dawley rats and in an established computational 
model of avoidance learning. Blood measures of plasma methadone levels were assessed as the 
daily dosing increased to a maximum dose of 5 mg/kg. Based on those data, rats in a subsequent 
experiment were randomly assigned to receive 5 mg/kg methadone (i.p.), or saline vehicle, daily 
throughout an avoidance learning experiment. Lever-press behavior was to be acquired in order 
to avoid intermittent footshock, preceded by a 60 s auditory signal. Twelve acquisition sessions 
occurred after the first 7 days of methadone exposure. This was followed by 6 extinction sessions 
where the shock was no longer present. No differences were observed in the avoidance behavior; 
however, lower body weight was measured in those rats treated with methadone during the 
avoidance training period (not prior to the avoidance training). In order to try to bridge these 
observations to the prior human data, a computational model of avoidance learning was 
employed. Parameters previously associated with specific aspects of the learning process were 
adjusted in the computational model in order to show how the rat model may need to be altered 
in order to have greater face validity to the previously published human data. 
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Title: Stress response and anxiety in mice lacking microRNA34 
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Abstract: Interactions between genetic and environmental factors might be responsible for the 
onset of stress-related psychiatric disorders, including anxiety. The release of prefrontal 
amygdala neurotransmitters is increased by stressful experiences, a response that is relevant to 
cognitive, emotional, and behavioral coping. In addition, stress exposure elicits anxiety-like 
behavior and dendritic remodeling in the amygdala. Members of the miR-34 family have been 
suggested to regulate synaptic plasticity and neurotransmission processes, which mediate stress-
related disorders. In the present study, we evaluated acute stress-induced basolateral amygdala 
(BLA)-GABAergic and medial prefrontal cortex (mpFC) aminergic outflow by intracerebral in 
vivo microdialysis in mice harboring targeted deletions of all 3 members of the miR-34-family 
(miR-34-TKO). Further, we also examined fear conditioning/extinction, stress-induced anxiety, 
and dendritic remodeling in the BLA of stress-exposed TKO mice. Our data show that miR-34-
TKO mice are characterized by resilience to stress-induced anxiety and facilitation in fear 
extinction. Consequently, in TKO mice no significant increase was observed in aminergic 
prefrontal or amygdala GABA release and no significant acute stress-induced amygdalar 
dendritic remodeling was evident. Differential GRM7, 5-HT2C, and CRFR1 mRNA expression 
was noted in the mpFC and BLA between TKO and WT mice. Our results clearly indicate that 
the miR-34 plays a crucial role in regulating the behavioral and neurochemical response to acute 
stress and in inducing stress-related amygdala neuroplasticity. 
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Title: Broadening our understanding of intra-BLA NPY-induced stress resilience assessed with 
cued fear conditioning 
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Abstract: The anxiolytic and stress-buffering properties of neuropeptide Y (NPY) in the 
basolateral amygdala (BLA) have long been established in animal models as well as humans. 
Acute NPY administration in the BLA is anxiolytic as assessed with the social interaction 
paradigm and also plays an important role in fear extinction (Sadjyk et al., 1999; 2006; Gutman 
et al., 2008). Repeated injections of NPY in the BLA induce a long-lasting behavioral resilience 
to restraint stress (Sadjyk et al., 2008). These studies were designed to examine whether a BLA-
mediated behavior would be affected in the model of NPY-induced stress resilience and tested 
whether the expression and/or extinction of cued conditioned fear would be altered in the model 
of NPY-induced stress resilience. Male rats received cannulae directed to the BLA (A/P -2.7mm; 
M/L +/-5.0mm; D/V -7.00mm) and repeated bilateral infusions of 10pmol NPY or vehicle (100 
nl; 0.1M PBS) daily for 5 days. Social interaction was assessed at d1 and d8 to verify the 
efficacy of the treatment. Animals receiving NPY treatment have social interaction times that 
were significantly elevated from vehicle control. Two weeks after the injections, the animals 
underwent a traditional cued fear conditioning protocol: On day 1, animals were placed in 
chamber 1 and received 4 pairings of tone (1500Hz, 85dB) with foot shock (0.4mAmps; fear 
acquisition). The following day the rats were placed in a novel chamber and received 15 trials of 
the tone without foot shock at 60s intertrial intervals (fear extinction). On day 3, they were 
placed back in chamber 2 where they underwent the same protocol of tone presentation without 
foot shock to test for consolidation of extinction. On all three days, freezing behavior was 
monitored using the Anymaze software. Both vehicle- and NPY-treated rats displayed similar 
rate and amplitude of fear acquisition on day 1. On day 2, NPY-treated rats expressed 
significantly lower freezing in the first four sessions of the extinction phase and returned faster to 
their baseline freezing levels. On day 3, all rats expressed very little freezing behavior suggesting 
that extinction was equally consolidated. These results further validate the importance of NPY 
playing a role in buffering the expression of stress and reinforce the argument that repeated 
administration of intra-BLA NPY establishes an anxiolytic-like background that is also 
conducive to resilience. Importantly, NPY treatment does not impair the animals’ ability to react 
effectively to a threat, but it does improve their ability to extinguish the associated learned fear. 
These findings can be of great importance for the way anxiety disorders like PTSD are viewed 
and treated. 
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Title: Goal conflict rhythmicity in a bimanual anticipatory response inhibition task shows 
asymmetric laterality 
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Abstract: Right frontal goal-conflict-specific-rhythmicity (GCSR) in a simple stop signal task 
(SST) is a potential human EEG anxiety biomarker. Anticipatory response inhibition tasks 
(ARITs) produce a similar stopping challenge but without the pressure of a speeded go response. 
With left-, right-, and both-handed stopping alternatives, the ARIT is reported by participants to 
generate substantial subjective anticipatory conflict. We predicted that it would show particularly 
large GCSR. We modified a standard ARIT to match our previous SST in having three sets of 
stop signal delay (SSD) values: short, intermediate, and long. The intermediate SSD values 
tracked 50% correct stopping to maximize goal conflict, short and long SSD values were set 
towards the end and start of a trial, respectively. Right frontal (F8) GCSR (the EEG power 
contrast of stop-go x quadratic of SSD type) was compared across stop left, stop both, and stop 
right trials and tested for correlations with trait anxiety and neuroticism. Stop left produced 5-12 
Hz GCSR that significantly correlated with trait anxiety and neuroticism. Stop right and stop 
both produced only 9-10Hz GCSR, which did not correlate with trait anxiety or neuroticism. 
SSRT for the stop both condition was 224 ms; for stop left, 370 ms; and stop right, 570 ms. 
sLORETA located the overall stop-related 4-12 Hz frequency power source in the right inferior 
frontal gyrus (rIFG) for stop left and stop right conditions. rIFG is known to control to SST 
stopping. For the stop both condition, the source was the uncus. sLORETA localized the GCSR 
power source to rIFG for stop left and to the middle frontal gyrus for stop both, consistent with 
previous localization of stopping. However, power suppression was localized in rIFG for stop 
right - linked to the negative GCSR power observed in the lower frequency band (5-8 Hz). The 
source localization data suggests that goal conflict, like stopping, can involve more than one 
circuit depending on whether slower or faster go responses are being emitted, consistent with 
previous findings. These results show that elicitation of right frontal GCSR generalizes from the 
SST to the ARIT and is stronger with left hand than right hand stopping; but is not stronger in 
the ARIT than SST. 
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Abstract: Amongst social animals, the presence of a conspecific companion can have powerful 
effects on mood and behavior. In particular, the social modulation of fear and anxiety represents 



a highly conserved trait, as both humans and rodents display decreases in anxiety and stress 
responses when an affiliative conspecific is present. However, the neural processes underlying 
this social buffering phenomenon remain largely unknown. Our group has found that in mice, 
conspecific presence decreases freezing in both conditioned and innate fearful contexts. In order 
to identify neural populations that may contribute to social buffering of fear responses, we used a 
mouse line in which Arc-expressing neurons are indelibly labeled following interaction with a 
novel conspecific. We identified a subset of cells within the infralimbic prefrontal cortex 
(ILPFC) of male and female ArcCreERT2 mice that are labeled in response to interacting with a 
novel, ovariectomized female conspecific but not in response to a toy mouse, novel object, or 
food reward. Optogenetic activation of conspecific-labeled ChR2-eYFP+ neurons decreases 
freezing in contextual and innate fearful contexts, without impacting locomotion or eliciting 
reward, recapitulating the effects of conspecific presence. Together, these studies suggest that 
activation of neurons associated with an affiliative conspecific in the ILPFC may be sufficient to 
mediate the effects of conspecific presence on fear responses. Thus, targeting this cell population 
may provide novel therapeutic opportunities that harness circuits naturally engaged by social 
interaction in order to treat fear and anxiety-related disorders. 
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Abstract: The aim of this project is to further the common understanding of why some 
individuals are more susceptible to stress-related disorders, like Post-Traumatic Stress Disorder 
(PTSD), than others. Individual differences in behavioral resiliency during different types of 
stress have been correlated with plasma cortisol, cytokines, and markers of autonomic function 
including neuropeptide Y (NPY) and catecholamines. In this study we used predator (ferret) odor 
exposure in rodents as a model of traumatic stress to examine the plasma biomarkers associated 
with individual differences in behavioral responses to threat. Jugular catheters were surgically 
implanted in male Long Evans rats and a baseline blood sample was collected prior to behavioral 
analysis. The rodent was exposed to a predator (ferret) odor or control (no odor) for either 15 or 
60 min in a closed cylindrical testing chamber and behavioral responses (freezing, jumping, 
towel exploration, grooming, and rearing) were recorded. Blood samples (100 µl) were taken via 
the jugular catheter at 15, 30, and 60 min after predator stress along with another baseline sample 
taken 24-48 hours following the testing. Plasma samples were analyzed for stress hormone levels 
using ELISAs (NPY and corticosterone), HPLC (epinephrine, norepinephrine, and serotonin), 
and BioPlex analysis for cytokine levels. The recorded behavioral responses were analyzed using 
FreezeScan (Clever Systems Inc.) automated software as well as hand scoring, and stress 
hormone levels were correlated with individual differences in behavior during predator stress. 
Results indicate that exposure to predator odor decreased latency to freeze and towel interaction, 
and increased rearing behaviors, compared to the no-odor control group. Exposure to predator 
odor induced a sustained increase in plasma corticosterone for at least 60 min, but no significant 
correlations were seen between corticosterone responses and behavioral endpoints. Although 
exposure to predator odor failed to significantly alter plasma NPY levels, a significant 
correlation was seen between NPY levels at 60 min and freezing behavior. Additional analyses 
are comparing plasma catecholamines (norepinephrine, epinephrine) as additional biomarkers of 
sympathetic nervous system activation and cytokine responses following predator-induced stress. 
Such studies help inform our understanding of the systems underlying resiliency and 
susceptibility in long-term responses to traumatic stress, as well as the potential of plasma 
biomarkers to predict behavioral responses to stress. 
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Abstract: Objectives: It has been proposed that spontaneous panic attacks are the outcome of 
the misfiring of an evolved suffocation alarm system. Moreover, evidences suggests that hypoxia 
challenge is an effective stimulus to evoke panic attack in both humans and rats. Since nitric 
oxide (NO) plays an important hypoxia-signaling role, we evaluated the effects promotes by 
systemic injection of the nitric oxide synthase inhibitor aminoguanidine on panic-like escape 
response elicited in rats exposed to hypoxia condition. In addition, since the dorsal 
periaqueductal gray (dPAG), a mesencephalic structure associated to panic, harbors a hypoxia 
sensitive suffocation alarm system, we also investigated if similar responses would be achieved 
by intra-dorsal periaqueductal gray (dPAG) injection of drugs that impair the nitrergic 
neurotransmission. Methods: Male Wistar rats were injected (7days) with aminoguanidine (0, 
15, 30 or 60 mg/Kg, i.p) and submitted to hypoxia chamber 30 min after the last injection. Into 
the chamber, after 5 min of nomoxic condition, nitrogen was flushed into the chamber up to the 
production of hypoxia (7% O2). The number jumps were computed during the hypoxia 
challenge. In another experiment, the animals were submitted to hypoxia 10 minutes after intra-
dPAG injection of the NO scavenger Carboxy-PTIO (0, 0.3, 1 or 3 nmol) or the neuronal nitric 
oxide synthase inhibitor N-propyl-L-arginina (0, 0.04, 0.4 or 4 nmol). Results: Systemic 
injection of aminoguanidine (15 and 30 mg/Kg) reduce the number of jumps (mean ± SEM): [sal 
= 28 ± 8; AG 15 = 9 ± 1; AG 30 = 12 ± 2] suggesting a panicolytic-like effect. Similar results 
were observed with both intra-dPAG injection of Carboxy-PTIO [sal = 23 ± 2; C-PTIO 3 = 3 ± 
1] and N-propyl-L-arginina. Conclusion: NO seems crucial for the expression of escape 
behavior evoked by hypoxia condition that has been associated with panic attack. Moreover, 
inhibition of dPAG nitrergic neurotransmission effectively reduces the escape behavior. 
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Abstract: The central extended amygdala (EAc) is an integral part of the neural circuit 
mediating fear and anxiety. Our laboratory has demonstrated that two major nodes of the EAc, 
the central nucleus of the amygdala (Ce) and the bed nucleus of the stria terminalis (BST) are 
key regions in the neural circuitry mediating non-human primate (NHP) anxious temperament 
(AT). It is important to characterize EAc cell types in NHPs to better understand the cellular and 
molecular alterations that mediate AT. The Ce and BST are primarily composed of striatal-like 
medium spiny GABAergic neurons that can be subdivided into multiple types based on their 
neuropeptide profile. Although the comparison between striatal neurons and EAc neurons has 
been made based on shape and GABA expression, the molecular differences between the 
neurons of these regions have not been investigated. Using human microarray data from the 
Allen Brain Atlas, we identified genes that are differentially expressed between Ce and striatum. 
We further validated this finding in the NHP using RNA sequencing and found that many 
neuropeptides have significantly higher expression in the lateral Ce (CeL) compared to regions 
of striatum (Putamen and Caudate). Using this human and NHP gene data as a guide, we chose 
to study somatostatin (SST) and cholecystokinin (CCK) in more depth in the NHP EAc. To this 



end, we used in situ hybridization to characterize the anterior-posterior (A-P) distribution of SST 
and CCK mRNA expression. A-P distribution is interesting because rodent work has 
demonstrated differences in peptide expression between anterior and posterior regions of the 
CeL. However, little work has been done in the NHP. To start, we focused on the expression of 
the SST and CCK mRNA in CeL and the corresponding laterodorsal BST (BSTL) from 4 rhesus 
monkeys. Using a repeated-measures multiple regression analysis we examined the effect of A-P 
position on expression levels. Results demonstrated a significant A-P effect on CeL-SST 
expression, such that SST expression increases towards the posterior CeL (F4, 30=19.29,p=0.02). 
There was no significant effect of A-P position on BSTL-SST expression. We did not observe 
any significant effects of A-P position on CCK expression in CeL or BSTL. These experiments 
utilize gene data to identify differentially expressed mRNAs between striatum and Ce as a 
stepping-stone to identify differences in the A-P expression of neuropeptides within the primate 
CeL and BSTL. Understanding the A-P expression of different neuropeptide populations in the 
EAc will help to guide co-expression studies, to identify different neural populations and 
determine population-specific roles in mediating AT. 
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Abstract: Persistent and high levels of sustained anxiety, or an anxious temperament (AT), 
during childhood is one of the strongest risk factors for the later development of stress-related 
psychopathology. The nonhuman primate model of AT is ideal because of similarities between 



rhesus monkeys and humans in the development of socio-emotional behavior and its underlying 
neural circuits, which are characterized by a high degree of integration between subcortical 
structures and the primates’ well-developed prefrontal cortex. The orbital prefrontal cortex 
(OFC) is thought to play a critical role in the regulation of emotions, which is consistent with our 
demonstration of increased AT-related metabolism, and a significant genetic correlation between 
AT and metabolism within caudal OFC regions (Fox et al., 2015). Moreover, lesions of the 
primate OFC reduce threat-related behavioral responses (Kalin et al., 2007; Murray & Izquierdo, 
2007; Bachevalier et al., 2011) and attenuate glucose metabolism within the extended amygdala 
(Fox et al., 2010). As part of an ongoing study examining the role of the OFC in regulating the 
extended amygdala at functional and molecular levels, we performed aspiration lesions of a 
narrow strip of the caudal OFC in six female rhesus monkeys (mean age = 2.18 +/- 0.19 years, 
including cage-mate controls). These OFC “strip lesions” have been shown to attenuate 
responses to threatening stimuli (e.g., snakes; Rudebeck et al., 2013). Structural brain imaging 
using diffusion weighted tractography methods demonstrate the disconnecting effects of the strip 
lesion on the white matter coursing through the caudal OFC. In behavioral assessments using the 
Human Intruder Paradigm, monkeys with caudal OFC strip lesions exhibited significant 
decreases in threat-related responding during the No-Eye-Contact condition (Post - Pre ∆ in AT, 
p < 0.05). Preliminary FDG-PET imaging results suggest a replication of previously published 
findings in monkeys with large OFC lesions. Specifically, threat-induced glucose metabolism in 
the bed nucleus of the stria terminalis (a major component of the extended amygdala) is 
diminished following OFC strip lesions (p < 0.005, uncorrected). These results demonstrate that 
the gray matter and/or the white matter tracts running along/through the caudal OFC (e.g., 
uncinate fasciculus) are critical for the processing of threat-related information and the 
expression of adaptive behavioral responses to threat. All procedures were performed according 
to federal and institutional guidelines at the Harlow Center for Biological Psychology and the 
Wisconsin National Primate Research Center. 
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Title: Use of designer receptors exclusively activated by designer drugs (DREADDs) to 
investigate the molecular underpinnings of anxious temperament in non-human primates. 
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Abstract: Extreme anxiety in children is a prominent predictor of the later development of 
psychopathologies including anxiety disorders and depression. Using our well-established non-
human primate (NHP) model of anxious temperament (AT), we identified the central nucleus of 
the amygdala (Ce) as a key component of the neural circuit that underlies the expression of AT. 
Using positron emission tomography, we found that Ce metabolic activity strongly predicts 
individual differences in AT, and that selective Ce excitotoxic lesions decrease AT. To further 
define the role of the Ce, we have begun to employ Designer Receptors Exclusively Activated by 
Designer Drugs (DREADDs) to selectively modulate neuronal activity within the amygdala in 
response to the administration of the DREADDs receptor ligands clozapine-N-oxide (CNO) or 
the related analog compound 21 (C21). Because CNO and C21 are known to have some off 
target effects in NHPs, we first assessed their effects on anxiety-related behavior in the no eye 
contact (NEC) condition of the human intruder paradigm. Systemic administration to rhesus 
monkeys (Macaca mulatta) of either CNO (0, 5 or 10 mg/kg; N=5/group) or C21 (0, 3 or 9 
mg/kg; N=5/group) had no significant effects on NEC-induced freezing (CNO, F2,12=2.18; 
p=0.16; C21, F2,12=1.37; p=0.29) or plasma cortisol (CNO, F2,12=2.79; p=0.10; C21, F2,12=0.78; 
p=0.48). We then moved on to localized delivery of an adeno-associated viral vector type 5 that 
directs expression of the DREADDs version of the inhibitory human M4 muscarinic receptor as 
well as mCherry protein under the control of the synapsin 1 promoter (AAV5/hSyn-hM4Di-
mCherry). Using real time magnetic resonance imaging (MRI)-guided surgical techniques in a 
cynomolgus monkey (Macaca fascicularis), the AAV5 viral construct was infused bilaterally 
targeting the Ce. Seven weeks later the monkey was sacrificed and the brain was processed for 
immunohistochemistry. Consistent with the extent of the gadolinium cloud visible during the 
MRI-guided infusion, mCherry protein was expressed in both hemispheres in regions extending 
beyond but encompassing the Ce. In the next study, 5 rhesus monkeys received smaller infusions 



of the same viral vector into the Ce. Several months after the viral infusion, administration of 
either CNO (5 mg/kg) or C21 (9 mg/kg) consistently decreased NEC-induced freezing compared 
to vehicle in three of the five animals tested. Ongoing metabolic and functional connectivity 
imaging studies are identifying CNO-induced alterations. The current study shows the feasibility 
of using DREADDs technology in NHPs to study neural circuits underlying the expression of 
anxiety-related behavior. 
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Abstract: The Multidisciplinary Association for Psychedelic Studies (MAPS) has completed six 
sponsored Phase 2 clinical pilot studies that investigated MDMA-assisted psychotherapy for 
treating chronic, treatment-refractory posttraumatic stress disorder (PTSD). At five study sites 
world-wide, 108 subjects underwent a series of non-drug preparatory and integration sessions, 
interspersed with two or three double-blind, MDMA-assisted psychotherapy sessions with a 
comparator/placebo control. Intent-to-treat findings from these studies showed medium to large 
between-subjects effect size in reducing PTSD symptoms after two sessions, as measured by the 
Clinician Administered PTSD Scale (CAPS-4), with a good safety profile. These positive results 
provide a basis for the continuation of the MAPS-sponsored research program into expanded 
Phase 3 clinical trials to provide safety and efficacy data for use of MDMA as a pharmacological 
adjunct to therapy for treatment of PTSD. Given the limited effectiveness of current available 
medications and therapeutic strategies in some people, MDMA-assisted psychotherapy holds 
promise as a novel treatment option and warrants further study. 
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Abstract: Autistic adults who are verbal and whose autism might not be immediately 
recognizable to others often initially present in a clinical setting with a co-morbid diagnosis of 
anxiety or depression, and are at greater risk of experiencing social anxiety due to core features 
of autism. There are currently no FDA-approved pharmacologic treatments for autistic adults, 
although off-label prescription use of selective serotonin reuptake inhibitors (SSRIs) are on the 
rise in this population. The Multidisciplinary Association for Psychedelic Studies (MAPS) is 
sponsoring an exploratory Phase 2 dose-finding safety and feasibility pilot study investigating 
MDMA-assisted therapy for treating social anxiety in autistic adults. After three non-drug 
preparatory therapy sessions, 12 subjects received two double-blind MDMA-assisted therapy 
sessions with a placebo control, each followed by three integrative therapy visits. Participants 
were followed monthly during a blinded 6-month follow-up. A blinded clinician administered 
the Leibowitz Social Anxiety Scale (LSAS) and found promising rapid-onset reduction in social 
anxiety symptoms in the MDMA group with a good safety profile in preliminary analysis. 
Changes in social perception, emotion labeling and regulation, perceived stress, self-esteem, 
state and trait anxiety, depression, and quality of life were also assessed as secondary outcomes. 
The promising results from this small sample will be used to estimate statistical power for future 
studies of this novel treatment option. 
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Abstract: Neuropeptide S is a 20-amino acid peptide that functions as an agonist through 
activation of its cognate GPCR receptor system. High expression of the Neuropeptide S (NPS) 
receptor has been found in the retrosplenial cortex, basolateral amygdala, parasubiculum, and 
various regions of the hypothalamus. Modulation of the NPS receptor has been associated with a 
variety of disease states including anxiety, panic disorder, PTSD, and substance abuse. Through 
comprehensive chemical modification and analog synthesis we have now defined a 
comprehensive NPS agonist pharmacophore using traditional medicinal chemistry and 
computational/scaffold hopping approaches. The compounds developed in our laboratory 
selectively activate calcium mobilization in vitro. In mice, these compounds selectively modulate 
a subset of behaviors for which full NPS receptor agonists are known to elicit. Further 
modification and testing of these analogs will be of significant value in determining the 
comprehensive role of NPS in modulating anxiety and responses to stress. 
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Abstract: κ Opioid receptor system is widely implicated in the regulation of emotion. However, 
the findings about the role on anxiety in rodents are highly controversial, since both anxiogenic- 
and anxiolytic-like effects have been reported with κ opioid receptor activation. The mechanism 
and the underlying neuroanatomical substrates are unexplored. In the present study, we first 
investigated the effects of κ agonist U50,488H on anxiety-related behaviors over a wide range of 
doses, and we found that U50,488H produced dual effects in anxiety, with low dose being 
anxiogenic and high dose being anxiolytic. To assess the potential neuroanatomical substrates, 
we used phosphorylation of extracellular signal-related kinase1/2 (pERK1/2) to map the 
underlying neural circuits. We found that the anxiogenic effect of U50,488H was paralleled by 
an increase of pERK1/2 in the nucleus accumbens, whereas the anxiolytic effect was paralleled 
by an increase of pERK1/2 in the lateral septal nucleus. We then examined the behavioral 
consequences with locally microinjection of U50,488Η, and we found that microinjection of 
U50,488H into the nucleus accumbens exerted anxiogenic-like effects, whereas microinjection of 
U50,488H into the lateral septal nucleus. Both effects can be abolished by κ antagonist nor-BNI 
pretreatment. To the best of our knowledge, the present work firstly provides the 
neuroanatomical sites that mediating the dual anxiogenic- and anxiolytic-like effects of 
U50,488Η in mice. This study may help to explain current controversial role of κ receptor 
activation in anxiety-related behaviors in rodents, and may open new perspectives in the areas of 
anxiety disorders and κ receptor function. 
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Abstract: Glucocorticoids are important modulators of emotional learning and memory. 
Glucocorticoid administration prior to therapy has been shown to enhance the efficacy of 
exposure-based treatments. However, the exact mechanisms of action remain poorly understood: 
Glucocorticoids may exert their beneficial effects through a) inhibiting fear memory retrieval, or 
b) promoting the formation and consolidation of corrective experiences. Here, by administering 
glucocorticoids after exposure therapy, we tested whether the enhancing effects of 
glucocorticoids on therapeutic outcome can be attributed to extinction memory consolidation and 
whether glucocorticoids do also attenuate fear renewal. Compared to placebo, post-exposure 
glucocorticoid administration did neither lead to more anxiety reduction nor to less fear renewal 
at both the behavioral and subjective level. Rather than enhancing the consolidation of extinction 
memories, our preliminary findings support the view that glucocorticoids might exert their 
beneficial effects on exposure therapy by promoting the formation of new corrective experiences 
or inhibiting aversive memory retrieval during exposure. 
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Abstract: Animal studies have shown that stimulation of the medial prefrontal cortex (mPFC) 
improves extinction of conditioned fear. This is thought to depend on an enhanced efficiency in 
the interplay between the mPFC and the amygdala. A recent study confirmed this in humans by 
showing that repetitive transcranial magnet stimulation (rTMS) of the mPFC facilitates 
extinction learning as evidenced in reduced responses to a conditioned threat stimulus assessed 
with fear potentiated startle (FPS), skin conductance response (SCR) and arousal ratings. As a 
crucial next translational step this study investigates whether mPFC stimulation using rTMS is 
an effective add-on for exposure therapy in anxiety disorder patients. Patients with acrophobia 
(N=43) were randomly allocated to active or sham rTMS covering the mPFC before two 
exposure sessions in virtual-reality (VR). Corroborating experimental animal and human studies 
we provide first clinical evidence that high-frequency rTMS improves exposure therapy response 
of acrophobia symptoms one week after the second exposure session. A follow-up three months 
later showed a further improvement of the acrophobia symptoms in both groups to an equal 
level. This study provides first evidence that stimulation of the mPFC accelerates the therapeutic 
effect of exposure based therapy. 
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Abstract: The increasing prevalence of obesity in Western cultures constitutes a serious public 
health issue. In addition to its negative physiological health outcomes, consumption of a high-fat 
diet (HFD) is also linked to a variety of affective disorders, including anxiety. HFD has been 
shown to impact a number of neurobiological functions, including alterations in hypothalamic-
pituitary-adrenal (HPA) axis activity, and decreased hippocampal neurogenesis, both of which 
have also been implicated in the regulation of affective states. The importance of rearing 
environment in the regulation of brain, behavior, and physiology has also long been recognized 
in biological, and social sciences. Although the effects on emotionality are less documented, 
environmental enrichment (EE) has beneficial effects in reducing anxiety-like behavior in 
animals. Exposure to complex environments alters brain structure and function, through 
positively regulating HPA axis activity, and inducing forms of brain plasticity, such as increased 
hippocampal neurogenesis and BDNF levels. However, few studies have examined the 
interaction between the two variables. The present study established an anxiety model in 
Sprague-Dawley rats through a high-fat diet (HFD) to examine the effect of environmental 
enrichment on HFD-induced anxiety. Subjects were grouped into either a control diet or HFD 
group, each of which were separated into either a non-enriched or EE housing condition for 4 
weeks. The balanced design of two dietary conditions by two housing conditions allowed for 
investigation of main effects of diet, environment, and any interactions. Anxiety was assessed 
using the elevated zero maze. Results indicate that HFD induced greater anxiety, as revealed by a 
lower percentage of time spent in the open quadrants of the maze. However, results also showed 
an amelioration of anxiety-like behavior if subjects were exposed to an enriched environment, 
despite continuation of HFD. Considering that the beneficial effect of EE was obtained even with 
continuation of HFD, this study provides solid evidence that EE is an effective and practical 
intervention to ameliorate anxiety-like behavioral changes induced from HFD. As this effect 
could result through targeting a number of underlying neurobiological mechanisms, future work 
in this laboratory is focused on these examinations. 
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Abstract: Ghrelin, a gut-derived peptide hormone, is associated with feeding, energy balance, 
and the stress response. Our primary goal was to test whether chronic systemic ghrelin agonist 
(GHRP6) administration alone, or in combination with a commonly prescribed selective 
serotonin reuptake inhibitor (SSRI, i.e. citalopram) would enhance antidepressant effects in mice 
under normal conditions or following chronic social defeat paradigm (CSDP). Interestingly, 
while GHRP6 treatment alone tended to increase weight in non-stressed mice, the same 
treatment prevented citalopram induced weight gain in stressed mice. Depression is associated 
with anhedonia, social deficits, and anxiety, and can be modelled in animals using tests such as 
the sucrose preference test, social interaction test, and the open field test. Our results indicated 
that after a recovery period of no stress following CSDP, there were no major effects of either 
GHRP6 or citalopram in improving depressive-like behaviors in these behavioral measures. 
These data indicates that GHRP6 may lessen the degree of metabolic side-effects seen in patients 
treated with SSRIs, but does not improve the behavioral effects of stress after a long recovery 
period. 
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Abstract: Conventional treatments for anxiety include pharmacotherapy and psychotherapy 
techniques, however no consistently effective treatment has been found. A variety of alternative 
therapies- many utilizing exercise and nature exposure- have emerged; however, evidence for 
efficacy and efficiency relies heavily on self-reported measures of affect. Wilderness therapy is 
uniquely positioned to incorporate elements of both nature and exercise as well as interactions 
with a licensed clinical practitioner; and this combinatorial approach has proven beneficial to 
substance abuse, behavior disorders, and mood disorders. Anxiety disorders are comorbid for 
many patients seeking treatment through wilderness therapy. To better understand changes in 
anxiety profiles through treatment, we studied patients’ neuroendocrine profiles during a 
wilderness therapy experience. In this project, we partnered with Blackwater Outdoor 
Experiences, a wilderness therapy group based in Midlothian, VA. We collected saliva samples 
and survey data before, during, and after a 22-day wilderness therapy trip. Samples were assayed 
for stress-related hormones, namely cortisol and DHEA. We present our integrative data analysis 
here. 

Disclosures:  A.K. Eagle: None. S.K. Yeatts: None. E.J. Tedder: None. K.D. McCluster: 
None. L. Manser: None. C.L. Franssen: None. 



Poster 

635. Anxiety Disorders: Therapeutic Approaches 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 635.10/HHH4 

Topic: G.05. Anxiety Disorders 

Title: Anxiolytic and antidepressant-like properties of ONO-9270578, a novel TRPC4/5 
inhibitor, in mice 

Authors: *T. NIWA1, A. KISHI1, T. KITAJIMA1, Y. KAMIMURA2, T. SASAMURA2, Y. 
HIROKA3, T. SAITO3, S. KATSUMATA1;  
1Discovery Res. Labs., 2Exploratory Res. Labs., 3Medicinal Chem. Res. Labs., ONO 
Pharmaceut. CO.,LTD., Osaka, Japan 

Abstract: Purpose: Transient receptor potential canonical (TRPC) channel subfamily is highly 
expressed in the central nervous system. Ca2+ signaling through these channels that are activated 
following stimulation of Gq-coupled receptors and Ca2+ store depletion relates to various 
neuronal functions such as neuronal development, proliferation, differentiation and 
synaptogenesis. The mice lacking TRPC4 exhibited decreased anxiety-like behaviors in elevated 
plus maze (EPM) and open field test (OF) but not in acoustic startle response (ASR) and fear 
conditioning test (FCT). Also, the mice lacking TRPC5 exhibited decreased anxiety-like 
behaviors in EPM, OF and social interaction (SI) but not in ASR, FCT and novelty suppressed 
feeding test. These findings suggest that TRPC4 and TRPC5 may both relate to the mechanisms 
underlying regulation of anxiety and fear responses. Recently, we identified ONO-9270578 as a 
TRPC4/5 inhibitor and evaluated the effects of this compound in various behavioral tests. 
Methods: ONO-9270578 was examined on EPM, SI and marble burying test (MBT) in normal 
mice to evaluate the anxiolytic-like properties of TRPC4/5 inhibitor. The effects of ONO-
9270578 were compared with diazepam (3 mg/kg), tandospirone (20 mg/kg) and zimelidine (10 
mg/kg) in EPM, SI and MBT, respectively. ONO-9270578 was also examined on EPM in 
cholecystokinin (CCK) 2 receptor agonist CCK4-treated mice and SI in 5-HT2C receptor agonist 
MK212-treated mice to confirm the involvement of Gq-coupled receptors in the effects of 
TRPC4/5 inhibitor. Additionally, ONO-9270578 was examined on OF and passive-avoidance 
test (PA) in olfactory bulbectomized (OB) mice to evaluate the effects of TRPC4/5 inhibitor on 
OB-induced hyperactivity and cognitive impairment. Results: ONO-9270578 significantly 
increased the time spent on open arms in EPM and the social interaction time in SI in normal 
mice. In these tests, the anxiolytic-like effects of ONO-9270578 were equivalent to comparative 
drugs. On the other hands, ONO-9270578 did not influence the number of buried marbles in MB. 
ONO-9270578 also significantly suppressed the decrease of time spent on open arms by CCK4 
and that of social interaction time by MK212. Furthermore, ONO-9270578 significantly 
suppressed the increase of total movement distance on open-field and that of the number of trials 



to learn passive avoidance in OB mice without affecting in sham-operated mice. Conclusion: 
ONO-9270578 showed anxiolytic and antidepressant-like effects on various behavioral tests in 
normal or pathological conditions, indicating TRPC4/5 inhibitor may have a potential as a 
treatment for anxiety and depression. 
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Abstract: Sceletium tortuosum has been reported to elevate depressed mood, relieve pain, and 
reduce anxiety, stress, and tension. S. tortuosum’s major constituents are mesembrine, 
mesembrone and mesembranol, among others. This study sought to examine the effects of an S. 
tortuosum alkaloid enriched fraction in the chick anxiety-depression model. This model shows 
high predictive validity as a pharmacological screening assay. Two experiments were conducted 
using socially-raised male Silver Laced Wyandotte chicks (Ideal Poultry, Cameron, TX, USA). 
In two experiments, separate groups of 4-6 day old chicks were given IP vehicle, Imipramine (10 
mg/kg), or S. tortuosum fraction (10, 20, 30 mg/kg in Exp. 1 or 50, 75, 100 mg/kg in Exp. 2) 15 
min prior to a 60 m isolation test period. Vehicle chicks displayed high distress vocalization 
(DVoc) rates in the anxiety phase (first 5 m). DVoc rates declined about 50% (i.e., behavioral 
despair) in the depression phase (30-60 m). Imipramine attenuated behavioral despair. None of 
the S. tortuosum fraction doses attenuated behavioral despair. However, 75 and 100 mg/kg S. 
tortuosum fraction decreased DVoc rates during the anxiety phase. The findings that an alkaloid 
enriched S. tortuosum fraction shows anxiolytic effects fits well with the observation that its 
major constituent mesembrine binds to GABA and mu-opioid receptors. While mesembrine also 
inhibits serotonin reuptake, our data show that this enriched fraction does not have antidepressant 
properties at the doses tested. 
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Title: Activation of lateral hypothalamic galanin neurons reduces anxiety-like behavior 
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Abstract: Pharmacological anxiolytics are one of the most widely prescribed treatments in 
psychiatric disease; however, the currently available pharmacological options are often 
associated with negative side effects including drowsiness and physical dependence. Despite the 
increasing prevalence of anxiety disorders, the neural circuits underlying anxiety are not clear. 
There are many gaps in defining the neural circuits, and in particular, the molecular identity of 
proposed nuclei in the anxiety circuit. Recently, the lateral hypothalamus (LHA) has been 
implicated in the neural circuits regulating anxiety. The LHA contains many galanin expressing 
neurons and galanin signaling has been strongly associated with reduced anxiety. We 
hypothesize that LHA galanin neurons mediate anxiety-related behavior. To test this we 
activated LHA galanin neurons chemogenetically. We injected a cre-dependent adenoassociated 
virus to drive expression of hM3-Gq receptor in the LHA of galanin-cre mice. Clozapine-N-
oxide (CNO) induced activation of LHA galanin neurons was tested for anxiety related behavior 
in the open field test, elevated plus maze, and marble burying test. CNO significantly decreases 
anxiety-like behavior in all tested paradigms. Importantly, anxiolytic effects were not 
accompanied by reduced arousal indicated by a modest increase in locomotor activity in the open 
field test. This data supports further investigation of galanin as a potential pharmacological target 
for the treatment of anxiety without dampening arousal, which is often associated with common 
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Abstract: Neurotensin is a neuropeptide neurotransmitter with receptors located in areas of 
relevance to anxiety, including hippocampus and amygdala and interacts with a variety of 
neurotransmitter systems, including monoamines, acetylcholine, glutamate, and GABA. Central 
administration of neurotensin and systemic administration of brain penetrant neurotensin NTS1 
and NTS2 receptor agonists produce anxiolytic effects, and NTS2

-/- mice exhibit deficits in fear 
conditioning. The present study sought to further evaluate the potential anxiolytic effects of a 
systemically-administered NTS1 receptor agonist, PD149163, and a NTS2 receptor agonist, beta-
lactotensin, using the fear-potentiated startle (FPS) paradigm in male and female C57BL/6 mice. 
Startle chambers were equipped with a shock-grid floor, fluorescent light, and an acoustic startle 
speaker. Conditioning took place between the light and floor shock, and test sessions measured 
startle to a 90 dB noise burst while the light was on or off. Startle magnitude did not differ 
between the male and female mice. Mice were subsequently separated into two groups (termed 
“high responders” and “low responders”) based upon their degree of FPS response produced 
following saline administration. PD149163 significantly reduced FPS and startle magnitude in 
both male and female high responders, but not in low responders. Beta-lactotensin reduced FPS 
in female high responders at a single dose, but did not reduce FPS in either group of male mice. 
The anxiolytic and partial 5-HT1A agonist buspirone did not significantly reduce FPS in either 
male or female mice. PD149163 and buspirone, but not beta-lactotensin, significantly reduced 



locomotor activity in an open field. Based on these findings, neurotensin receptors may be a 
novel target for anxiolytic compounds. 
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Abstract: The prelimbic prefrontal cortex (plPFC) is a subregion of the medial prefrontal cortex 
(mPFC) that is importantly involved in anxiety and stress responses. Research has indicated that 
the activity of the mPFC and its ability to modulate stress response is heavily influenced by local 
endocannabinoid signaling. Local pharmacological activation of cannabinoid signaling in the 
mPFC induces an anxiolytic effect, while local inhibition of cannabinoid signaling prolongs 
corticosterone (CORT) secretion in response to acute stress and promotes an anxiogenic 
phenotype. Due to the primarily presynaptic localization of the cannabinoid receptor type 1 
(CB1), the endocannabinoid system (ECS) may play a crucial role in gating excitatory 
glutamatergic inputs into the mPFC. In this study, we combine optogenetic projection targeting 
and retrograde labeling (retrobead) approaches to isolate reciprocal projections between the 
plPFC and two glutamatergic projection regions, the Basolateral Amygdala (BLA) and 
Mediodorsal Thalamus (MDT). Both of these regions have been implicated in playing a causal 
role in anxiety and stress response. Neither retrobead positive nor retrobead negative cells in 
plPFC layer 6 receiving projections from the DMT express depolarization induced suppression 
of excitation (DSE), an endocannabinoid mediated form of transient synaptic depression. 
However, both retrobead positive and negative cells in layer 2 receiving inputs from the BLA 
exhibited DSE. Finally, only layer 5 retrobead positive cells receiving input from the BLA 
exhibited DSE. These distinct modes of endocannabinoid signaling may underlie the behavioral 
effects of both local mPFC and global cannabinoid agonist administration. 
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Abstract: Neuropeptides regulate a broad spectrum of biological functions, from pain and 
analgesia to hedonic and motivational behaviors associated with reward and addiction. Opioid 
signaling within dopaminergic circuits has been critically implicated in both natural and drug 
reward-seeking behavior. However, the precise mechanisms that underlie opioid modulation of 
DA systems remain ambiguous. Although several methods exist for monitoring DA fluctuations, 
few tools are available for selectively monitoring dynamic fluctuations of endogenous opioid 
neuropeptides in the brain. This work employs a completely novel electrochemical approach to 
monitor sub-second fluctuations of tyrosine-containing opioid peptides, such as methionine-
enkephalin (M-ENK), in rat brain tissue. By combining multiple scan rate voltammetry with 
constant-potential amperometry in every voltammetric sweep, we have measured putative M-
ENK fluctuations in intact and 6-OHDA lesioned rat striatum (male) in response to treatments 
that elicit robust DA fluctuations in striatal tissue (cocaine, L-DOPA, and unexpected food 
reward). Importantly, our electrochemical approach enables selective detection of chemical 
species within each scan, including striatal DA release. These measurements of opioid peptide 
dynamics will shed new light on the modulatory role of opioid peptides in a broad spectrum of 
pathological disorders related to dysfunction of the DA system. 
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Abstract: Brain cells utilize glucose to fuel metabolic processes, and glucose consumption is 
increased upon neuronal activation. Real-time detection of glucose dynamics is imperative to 
understanding brain energy utilization and its involvement in neuropathological disorders, as 
well as the adaptations occurring upon exposure to substances of abuse. Extracellular glucose 
dynamics are dependent on two opposing forces: glucose availability (cerebral blood flow) and 
utilization. The location of intraparenchymal microvessels is heterogeneous and these are 
differentially activated in response to stimuli. Therefore, glucose dynamics are likely to be 
variable at the microscale. In the caudate putamen (CPu), dopamine-related neurochemical 
adaptations occur with many behavioral paradigms. However, far less is known regarding 
glucose signaling in this brain region. Attempts to assess glucose heterogeneity have been 
hindered by a lack of technology available for these measurements with sufficient spatiotemporal 
resolution. This work employs fast-scan cyclic voltammetry in conjunction with glucose-oxidase 
modified carbon fiber microelectrodes to monitor glucose dynamics with sub-second temporal 
resolution. We assessed heterogeneity in glucose signaling that occurred in response to 
intravenous administration of saline, glucose, and a cocktail of cocaine and raclopride. These 
investigations will advance our understanding of basic brain neuroenergetics, as well adaptations 
associated with substance abuse. 
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Abstract: Neuronal gene expression mediates persistent changes in the function of neural 
circuits observed in many neuropsychiatric disorders. The progression of addiction, for example, 
begins with short-term molecular perturbations associated with brief exposure to a drug of abuse. 
If drug usage persists, these molecular changes initiate long-term alterations in gene expression 
that activate states of cellular and circuit activity unique to the addicted brain. One well-
characterized regulator of this progression is ΔFosB, a Fos family transcription factor. ΔFosB is 
a splice variant of FosB, arising from a truncation which lends it unusual stability due to the loss 
of 3’ degron domains. This allows for accumulation of the protein with continued exposure to a 
drug of abuse. ∆FosB plays a similar role in mediating adaptations to prolonged exposure to 
stress. Yet the scope and extent of ΔFosB’s transcriptional activity has thus far been elusive due 
to the lack of antibodies suitable for chromatin immunoprecipitation (ChIP)-seq. Here, we 
characterize a transgenic mouse line in which Fosb is preceded by a hemagglutinin (HA) tag. As 
a result, ΔFosB is expressed with an HA tag fused at its N-terminus, allowing for anti-HA 
targeting of ΔFosB in a number of applications, including ChIP-seq. Specific targeting of ΔFosB 
in vivo will allow for elucidating its precise genetic targets and their corresponding molecular 
mechanisms in mediating the onset and persistence of addiction in addition to many other 
neuropsychiatric states. 
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Abstract: Natural rewards and addictive drugs increase the concentration of dopamine (DA) in 
the brain’s reward circuit by altering the activity of dopaminergic neurons in the ventral 
tegmental area (VTA). Activation of G protein-gated inwardly rectifying potassium (GIRK or 
Kir3) channels provides an important inhibitory signal for regulating the excitability of DA 
neurons. Sorting Nexin 27 (SNX27), which is a component of the retromer forward trafficking 
complex, controls plasma membrane expression of GIRK channels in VTA DA neurons. We 
showed previously that loss of SNX27 in VTA DA neurons results in reduced GABAB-GIRK 
currents. Here, we hypothesize that reduced GABAB-GIRK currents in mesolimbic projecting 
DA neurons will increase the sensitivity of mice to cocaine-dependent locomotor sensitization. 
We crossed SNX27fl/fl mice with mice expressing Cre in DA neurons, THBAC-Cre mice, to 
construct a conditional knockout of SNX27 in DA neurons (SNX27THKO). To study locomotor 
sensitization, mice (male and female, ages 4-8 months) were acclimated in a locomotor activity 
chamber and injected (i.p.) daily with saline for three days. Mice were then injected (i.p.) daily 
with 3.75 mg/kg cocaine for 5 days. Locomotor activity was recorded during the 45 minutes after 
each injection. SNX27THKO mice exhibited statistically significant greater locomotor 
sensitization. By contrast, control mice showed no sensitization with 3.75 mg/kg cocaine. In a 
separate cohort of mice, we quantified the amplitude of the GABAB-GIRK currents in 
mesolimbic projecting DA neurons. To label these DA neurons in the VTA, we injected 
AAV5.EF1a.DIO.eYFP into nucleus accumbens (NAc) of SNX27THKO and control mice. 
GABABR-GIRK currents were significantly reduced in NAc-projecting VTA DA neurons of 
SNX27THKO. To study the effect of rescuing the reduced GABAB-GIRK currents in 
SNX27THKO mice, we injected AAV5.EF1a.DIO.Girk2a-eYFP into the NAc of SNX27THKO 
mice; Girk2a does not require SNX27 for plasma membrane expression. As expected, GABAB-
GIRK currents were restored in VTA DA neurons of SNX27THKO mice injected with 
AAV5.EF1a.DIO.Girk2a-eYFP. We are currently examining the role of GABAB-GIRK currents 
in the mesocortical and mesolimbic projecting DA neurons in the locomotor response to cocaine. 



Taken together, these results reveal a novel pathway for reward processing involving SNX27 and 
GIRK channels in VTA DA neurons and highlight SNX27 as a new therapeutic target for 
treating addiction. Funding: NIH R01-DA037170 (PAS) and F30-DA039637 (RAR) 

Disclosures:  R. Rifkin: None. M.S. Fernando: None. P.A. Slesinger: None. 

Poster 

636. Molecular Mechanisms of Cocaine Addiction 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 636.05/HHH13 

Topic: G.08. Drugs of Abuse and Addiction  

Title: Psychostimulant cocaine causes microvesicle release by activating sigma-1 receptor and 
ARF6 

Authors: *Y. NAKAMURA, S.-Y. TSAI, T.-P. SU;  
Cell. Pathobiology Section, Integrative Neurosci. Res. Br., NIDA IRP, Baltimore, MD 

Abstract: The sigma-1 receptor (Sig-1R) is an endoplasmic reticulum (ER) chaperone which has 
been implicated in many central nerve system disorders including depression, neuropathic pain, 
and psychostimulant addiction. The Sig-1R is a pluripotent modulator that can modulate the 
functions of many proteins at the ER, plasma membrane, nucleus, and cytosol. Cocaine is a Sig-
1R agonist that is known to affect the cellular localization of Sig-1R that plays an important role 
in cocaine addiction. Here we found that cocaine can dose-dependently (0.1, 1 and 10 µM) 
increase the Sig-1R in the extracellular space together with a concomitant increase of 
extracellular microvesicles in NG-108 cells. Pretreatment of cells with BD1063, a Sig-1R 
antagonist, completely blocks cocaine-induced release of microvesicles and Sig-1R. However, 
knockdown of Sig-1R causes an enhanced release of microvesicles. Interestingly, previous 
studies have also reported such a dilemma in which the Sig-1R antagonist decreased ethanol 
consumption (Sabino et al., Psychopharmacology (Berl). 2009) while deletion of the Sig-1R 
increased ethanol consumption (Valenza et al., Behav Brain Res. 2016). We examined next the 
effect of cocaine on the activity of ADP-ribosylation factor 6 (ARF6) which is a small GTP-
binding protein known to be an important signaling molecule to regulate microvesicle release 
and membrane trafficking. Indeed, cocaine stimulation increases the activation of ARF6 in the 
form of ARF6-GTP. The exact mechanism on the cocaine-induced microvesicle and Sig-1R 
release and its relation to cocaine addiction is currently under investigation. (Supported by the 
IRP/NIDA/NIH/DHHS) 
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Abstract: Recreational drug use leads to compulsive substance abuse in some individuals. 
Studies on animal models of drug addiction indicate that persistent long-term potentiation (LTP) 
of excitatory synaptic transmission onto ventral tegmental area (VTA) dopamine (DA) neurons is 
a critical component of sustained drug seeking. However, little is known about the mechanisms 
regulating such persistent changes in synaptic strength in the VTA. We recently found that 
translational control by eIF2α phosphorylation (p-eIF2α) regulates the induction of cocaine-
induced LTP in the VTA. We report that in mice with reduced p-eIF2α levels, cocaine induces 
persistent LTP in the VTA. Moreover, selectively inhibiting eIF2α-mediated translational control 
with the small molecule drug ISRIB, or by knocking down oligophrenin-1 (Ophn1)—an mRNA 
whose translation is controlled by p-eIF2α—in the VTA also prolongs cocaine-induced LTP. 
This persistent LTP is mediated by the insertion of GluR2 subunit-lacking AMPARs. 
Collectively, our findings suggest that eIF2α-mediated translational control regulates compulsive 



drug seeking by acting as a defense mechanism that prevents the conversion from transient to 
persistent cocaine-induced LTP. 
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Abstract: The synthesis of new proteins is critical for the generation and maintenance of long-
lasting synaptic modifications that lead to changes in behavior. Recent electrophysiological and 
biochemical work from our lab suggests that, during withdrawal from extended-access cocaine 
self-administration, adaptations in medium spiny neurons (MSNs) of the nucleus accumbens 
(NAc) leading to enhanced drug seeking are maintained by dysregulated local translation in the 
nucleus accumbens (NAc). As a first step towards understanding these mechanisms, we used 
fluorescent non-canonical amino acid tagging (FUNCAT) to visualize newly synthesized 
proteins in NAc MSNs. 
Utilizing a co-culture system, PFC neurons obtained from P1 offspring of homozygous enhanced 
cyan fluorescent protein (ECFP)-expressing mice were co-cultured with NAc MSNs obtained 
from P1 Sprague-Dawley rats. MSNs in this co-culture system express high levels of high-
conductance, calcium-permeable AMPA receptors, recapitulating the state of the NAc after 
incubation of cocaine craving. Direct detection of de novo protein synthesis was achieved with a 
strategy that utilizes FUNCAT and subsequent click-chemistry fluorescence tagging for 
visualization of newly translated proteins. Fluorescence immunocytochemistry was used to 
simultaneously quantify expression of specific proteins of interest in these cells. 
Initial results have confirmed that the FUNCAT signal is nearly eliminated by an inhibitor of 



protein translation (cycloheximide) and have shown, using immunohistochemistry, that dendritic 
sites of active protein translation co-localize with ribosomal subunits. Ongoing studies are 
utilizing a number of pharmacological tools in order to examine the regulation of protein 
synthesis by AMPARs, NMDARs, and group I mGluRs. 
These results will further the understanding of mechanisms controlling the regulation of local 
protein synthesis in the NAc under normal conditions, how such regulatory mechanisms may 
differ between the NAc and other brain regions, and how they may be altered in pathological 
scenarios like addiction. 
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Abstract: A major challenge for treating cocaine addiction is the propensity for abstinent users 
to relapse. Two important triggers for relapse are cues associated with prior drug use and 
stressful life events. To study their interaction in promoting relapse during abstinence, we used 
the incubation model of craving and relapse in which cue-induced drug seeking progressively 
intensifies (“incubates”) during withdrawal from extended-access cocaine self-administration. 
Our recent behavioral results show that exposure to repeated but not acute restraint stress during 
the first two weeks of withdrawal accelerates the initial rate of incubation of cue-induced cocaine 
craving. These data indicate that chronic stress exposure during early withdrawal facilitates 
incubation of cocaine craving, which is thought to contribute to enhanced relapse vulnerability. 
Previous studies have shown that chronic stress exposure enhances excitatory drive to the 
basolateral amygdala (BLA), a region critical for behavioral responses to stress. Given that 
glutamate projections from the BLA to the NAc are critical for incubation of cocaine craving, we 



hypothesized that cocaine withdrawal and chronic stress exposure produce a synergistic increase 
in BLA neuronal activity which facilitates incubation of craving. To assess this, we are 
investigating how repeated restraint stress during early withdrawal from extended-access cocaine 
self-administration impacts BLA projection neuron activity. Using in vivo extracellular 
recordings from anesthetized rats, we will compare neuronal activity between the following four 
groups: cocaine self-administration + control conditions, cocaine self-administration + stress, 
saline self-administration + control conditions, saline self-administration + stress. Changes in the 
firing rate of BLA neurons and in the number of spontaneously active neurons in the BLA will 
be assessed. In this way, we can assess the effects of cocaine exposure alone on BLA 
physiology, as well as the interaction between both cocaine and chronic stress exposure. These 
findings may identify potential mechanisms by which stress enhances cue-induced relapse 
vulnerability in abstinent cocaine addicts. 
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Abstract: Cue-induced cocaine craving intensifies or incubates during withdrawal from 
extended-access cocaine self-administration. After prolonged withdrawal, the expression of 
incubated cocaine craving is mediated by GluA2-lacking, Ca2+-permeable AMPARs (CP-
AMPARs) that accumulate in the nucleus accumbens (NAc). NMDARs play a major role in 
Ca2+ signaling, but little is known about how NMDAR transmission may be altered during 
incubation of cocaine craving. However, recent studies have shown that incorporation of GluN3- 



and GluN2B-containing NMDARs accompanies cocaine-induced increases in CP-AMPAR 
levels in the ventral tegmental area (Yuan et al, 2013). To determine if NMDAR transmission in 
the NAc is altered following extended-access cocaine self-administration, we utilized whole-cell 
patch clamp electrophysiology in NAc medium spiny neurons (MSN). Specifically, we measured 
evoked NMDAR-mediated synaptic responses across a range of membrane holding potentials (-
80 through +40 mV; 20 mV steps). We found that cells from cocaine exposed rats during “late” 
withdrawal (WD>35) exhibited a significant increase in NMDAR currents at both negative (-80,-
60, -40 mV) and positive (+ 40mV) membrane holding potentials when compared to saline 
control cells. Such shifts in the current-voltage relationship are consistent with the incorporation 
of GluN3 subunits into functional NMDARs. We also examined cocaine exposed animals during 
an earlier withdrawal period (WD13-20) which precedes the synaptic incorporation of CP-
AMPARs into excitatory synapses onto NAc MSNs. Again, significant increases in NMDAR 
currents at both negative (-80,-60,-40 mV) and positive (+40 mV) membrane holding potentials 
when compared to saline control cells were found, indicating the presence of GluN3-containing 
NMDARs. We are currently evaluating potential GluN3-selective antagonists to examine the 
specific role of GluN3-containing NMDARs in the incubation model. Overall, these data indicate 
that alterations in NMDAR function in the NAc, likely mediated by incorporation of GluN3-
containing receptors, precede the incorporation of CP-AMPARs during withdrawal from 
extended-access cocaine self-administration, and are then maintained throughout the period 
when incubated drug seeking is maximal. Support: DA015835, DA009621 and postdoctoral 
NRSA DA36963 (D.T.C.). 

Disclosures:  D.T. Christian: None. K.Y. Tseng: None. M.E. Wolf: None. 

Poster 

636. Molecular Mechanisms of Cocaine Addiction 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 636.10/HHH18 

Topic: G.08. Drugs of Abuse and Addiction  

Support: NIH Grant DA015835 

Title: Nucleus accumbens core miRNA expression after the incubation of cocaine craving 

Authors: M. E. WOLF, *C. MURRAY;  
Rosalind Franklin Univ. of Med. and Sci., North Chicago, IL 

Abstract: In a rat model of cocaine addiction, cue-induced cocaine craving intensifies or 
“incubates” during withdrawal from extended-access cocaine self-administration. Cocaine 



craving is mediated in part by AMPAR transmission onto medium spiny neurons (MSN), the 
principal cell type in the nucleus accumbens (NAc). During incubation, incorporation of Ca2+-
permeable AMPARs (CP-AMPARs) strengthens NAc synapses, while group I mGluR-mediated 
synaptic depression shifts from an mGluR5-dependent mechanism that is expressed 
presynaptically to an mGluR1-dependent mechanism that is expressed postsynaptically by the 
removal of CP-AMPARs. Previous work from our lab has shown that these synaptic adaptations 
depend upon ongoing protein translation for their maintenance, and therefore may involve 
regulation by microRNAs (miRNAs), a class of small non-coding RNAs that repress mRNA 
translation. The goal of this study is to identify miRNAs that are differentially expressed in the 
NAc core after incubation of cocaine craving, and manipulate miRNA expression in vitro and in 
vivo to functionally characterize the role that specific miRNAs play in cocaine-dependent 
synaptic adaptations during withdrawal. We are particularly interested in miRNAs that regulate 
AMPAR subunit expression. To this end, rats self-administered saline or cocaine (6 h/d for 10 d) 
and were killed after 50 days of withdrawal. RNA isolated from the NAc core was assessed 
using the miRCURY LNA 7th generation microRNA microarray platform (Exiqon), which 
contains capture probes for all known rat miRNA. Based on these findings, we plan to 
manipulate the affected miRNAs within cell culture to assay potential effects on AMPAR 
expression on NAc neuronal processes and examine the functional correlates of the miRNAs in 
the incubation model in vivo. Support: DA015835 
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Abstract: Drug addiction is a chronic brain disease that develops gradually in response to 
compulsive use of psychoactive substances. These drugs, including cocaine, cause progressive, 
drug-dependent alterations in brain regions associated with reward and motivation, including the 
nucleus accumbens (NAc). These neuroadaptations, which include changes in spine morphology, 
gene expression and protein expression, facilitate craving evoked by drug-associated cues that 
underlie persistent relapse susceptibility. The ubiquitin-proteasome system (UPS), which is 
responsible for proteasomal-dependent protein degradation, has been shown to be involved in 
cocaine conditioned place preference (CPP) and cue-induced seeking following extended-access 
self-administration. However, how ubiquitin protein (E3) ligases, which polyubiquitinated 
proteins for proteasomal degradation, regulate cocaine plasticity has not been studied. Here, we 
examined E3 ligases Trim3, which polyubiquitinates gamma actin to regulate spine architecture, 
as well as Smurf1, which polyubiquitinates some members of transforming growth factor (TGF)-
β superfamily involved in transcription. Following extended-access self-administration, we 
found dynamic changes in Trim3 and Smurf1 in the NAc that differed in subcellular fractions 
and were dependent on withdrawal. We will use viral and pharmacological approaches to 
characterize the function of Trim3 and Smurf1 in the NAc in cocaine-dependent 
neuroadaptations and relapse-like behaviors. 
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Abstract: Risk of relapse in cocaine addiction is often attributed to craving evoked by cues 
previously associated with drug. Relapse vulnerability persists even after prolonged periods of 
drug abstinence due to progressive, drug-dependent plasticity that occurs in brain structures 
involved in reward, learning and memory, including the nucleus accumbens (NAc) and 
hippocampus (HPC). Drug-induced plasticity includes, among others, changes in spine 
morphology, protein expression and gene expression. The transforming growth factor (TGF)-β 
superfamily is a family of multifunctional proteins that regulate a wide variety of cellular 
responses, including gene expression. Recent studies have shown transcription factor SMAD3 
and homodimer protein Activin A, both members of the TGF-β superfamily, and BRG1, a 
chromatin remodeler that forms a complex with SMAD3, are important for relapse-like 
behaviors following cocaine exposure in animal models of addiction. However, the role of TGF-
β signaling in the HPC in drug addiction has yet to be examined. Here, we show that following 
extended-access cocaine self-administration, Activin A is increased in the HPC, but not the NAc, 
after a cue-induced reinstatement test on withdrawal day (WD) 30 but not WD1. Intra-HPC 
infusions of antibody directed at Activin A prior to testing on WD30, but not WD1, attenuated 
cue-induced reinstatement compared to vehicle controls. Importantly, cue-induced reinstatement 
was still reduced in antibody-treated animals when tested the following day. Together, these 
results suggest Activin A signaling in the HPC is increased following prolonged, but not acute, 
withdrawal from extended-access cocaine self-administration and is required for expression of 
cue-induced reinstatement. 
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Abstract: Relapse to drug abuse is associated with alterations in glutamatergic signaling within 
the nucleus accumbens (NAc). One particularly salient feature of these alternations is decreased 
glutamate uptake. The astroglial glutamate transporter, GLT-1, accounts for the majority of 
glutamate clearance from the synapse and thus, plays an important role in glutamatergic 
signaling. Drugs of abuse, including cocaine, significantly decrease GLT-1 protein expression in 
the NAc. Interestingly, this decrease is correlated with both degree of cocaine exposure and 
length of withdrawal. We have found that GLT-1 protein and mRNA levels in the NAc are 
differentially regulated based on exposure and withdrawal time, indicating multiple mechanisms 
of regulation. While short-access self-administration is sufficient to suppress protein levels, a 
significant decrease in GLT-1 mRNA is observed in the NAc only after long access cocaine self-
administration and withdrawal. The goal of the current study is to examine the epigenetic 
mechanism(s) responsible for the decrease in GLT-1 mRNA following withdrawal from long 
access cocaine self-administration. Male Sprague-Dawley rats were trained to self-administer i.v. 
cocaine or saline for 6 hours per day for 10 days. Immediately following the last day of cocaine 
self-administration, rats remained abstinent in the home cage for 45 days. Twenty-four hours 
following the last day of withdrawal, rats were sacrificed and tissue was harvested from the NAc. 
Using an antibody against 5-methylcytosine, methylated DNA was immunoprecipitated. The 
amount of GLT-1 methylation was then quantified using quantitative PCR and primers specific 
to GLT-1. Results indicate that long access cocaine self-administration and withdrawal results in 
an approximately three fold increase in GLT-1 gene methylation over rats that self-administered 
saline. This hypermethylation of the GLT-1 gene in rats exposed to long access cocaine followed 
by withdrawal suggests transcription suppression is responsible for the observed decrease in 
GLT-1 mRNA. Future studies will examine chromatin modification and transcription factors that 
may also contribute to the observed decreases in GLT-1 mRNA after long access cocaine self-
administration and withdrawal. 
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Abstract: Cocaine addiction is a chronic disorder that involves excessive, uncontrolled drug 
consumption. Both humans and rodents will escalate the amount of cocaine taken when it is 
readily available indicating that excessive intake is dependent on prior consumption. In rodents, 
however, escalation is not observed when access is restricted to “limited” (i.e. 1 hr) daily 
sessions. Here, we investigated whether control over drug intake or drug exposure are the critical 
factors in escalation by employing a mixed limited-contingent exposure and prolonged 
noncontingent exposure model. . Rats were implanted with a permanent jugular catheter and then 
allowed to lever press to self-administer (FI20 with a 20 s light cue paired with each infusion) 
saline vehicle (0.1 ml/infusion) or cocaine (0.25 mg/infusion) under 3 conditions: limited-access 
(1 h/ day), extended-access (6 h/day), and 1 h limited-access + 5 h non-contingent exposure (via 
yoking to extended access rats) to cocaine. Based on the first 10 min and first hour of daily 
access, we observed rapid escalation of cocaine intake in both the extended-access and limited-
access + non-contingent conditions (ps < 0.05). We also observed a delayed escalation of 
cocaine intake in the limited-access condition within the first 10 min of self-administration (p < 
0.05), but not across the 1 h of cocaine availability. Interestingly, escalation of cocaine intake 
was accelerated in the limited + non-contingent-access condition relative to the extended-access 
condition. However, relative to the other cocaine conditions, the limited-access + non-contingent 
group exhibited markedly more non-reinforced responses indicating that distinct behavioral 
mechanisms drive escalation by contingent versus noncontingent drug exposure (ps<0.05). 
Additionally, post-mortem quantification of homer2 (a gene implicated in cocaine intake and 
associated) mRNA expression within the dmPFC indicated elevation only in the extended-access 
conditions (p<0.05). Rises in homer2 mRNA were associated with distinct levels of DNA 
methylation, hydroxymethylation, and transcription factor binding to the Homer2 gene. 
Together, these findings indicate that either contingent or non-contingent “excessive” cocaine 
exposure supports escalation but have differential effects on the temporal patterning of operant 
responsiveness as well as molecular correlates of escalation. 
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Abstract: Cocaine abuse has been linked to elevated mu opioid receptors (MOR) at the protein 
and mRNA level in key regions of the brain involved in craving and drug seeking. In vitro and in 
vivo studies have determined that nitric oxide (NO) and multiple signaling pathways, including 
phosphatidyl inositol-3 kinase (PI3K)-Akt, protein kinase C (PKC), and mitogen activated 
protein kinase (MAPK) pathways are involved in cocaine-induced increases in MOR expression. 
Furthermore, our laboratory established that in PC12 cells, NO modulates the activation of the 
Akt, MAPK, and PKC pathways. Whether there is an interaction between NO and these 
signaling pathways in cocaine-induced MOR expression in this cell line is not known. The 
objective of the current in vitro study was to investigate the role of NO in the modulation of 
these signaling pathways in cocaine-induced increases in MOR expression. To assess the 
activation of the PKC, Akt, and MAPK pathways by cocaine, PC12 cells were administered 
repeated intermittent treatments of cocaine (100 µM) and protein was isolated 15 minutes, 30 
minutes, 1 hour, 2 hours, or 4 hours after treatment. Phosphorylated PKC, Akt, and MAPK 
protein levels were evaluated using western blotting. It was found that cocaine significantly 
activated the PKC and MAPK pathways following 30 minutes and 2 hours of treatment, 
respectively. To determine the modulation of these pathways by NO, cells were pre-treated with 
the NO synthase (NOS) inhibitor, Nω-nitro-L-arginine methylester (L-NAME; 20 mM). Protein 
was isolated at 30 minutes and 2 hours to assess the impact of NO on the PKC and MAPK 
pathways, respectively. Additional data on the effects of L-NAME on these pathways will be 
available at the meeting. These studies will clarify the cellular effects that cocaine has on opioid 
systems, and may identify NO-regulated pathways as a potential target for pharmacotherapies for 
cocaine addiction. 
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Abstract: The action of cocaine on dopaminergic neurons in the ventral tegmental area (VTA), 
and its contribution to the addictive properties of this drug have been well characterized. By 
inhibiting the dopamine transporter (DAT) present on axon terminals of VTA dopamine (DA) 
neurons, cocaine elevates extracellular dopamine DA levels. However, since the rewarding 
actions of cocaine are not eliminated by DAT knock down, this suggests that there are still other 
crucial mechanisms underlying the rewarding effects of cocaine. In this study, we explored the 
possibility that cocaine, through the ER chaperon sigma-1 receptor (Sig-1R) may activate VTA 
DA neurons by altering the expression of monoamine oxidase B (MAOB) in the upstream 
serotonergic neuron that terminates on GABAergic neuron near the VTA. We previously 
demonstrated that cocaine can suppress the gene transcription of MAOB by translocating Sig-1R 
to the nuclear envelope to recruit chromatin-remodeling factors that suppress the MAOB 
promoter. MAOB is known to be expressed selectively in the serotonergic neuron and not in any 
other monoaminergic neurons. In this study we confirmed a strong MAOB expression in 
serotonergic neurons in mouse brain. We further show that Sig-1R and MAOB are co-localized 
in serotonergic neurons within the dorsal raphe (DR). We examined if the expression of MAOB 
in DR serotonergic neurons differs between wild type vs Sig-1R knockout mice. We also 
examined whether the Sig-1R and MAO-B positive serotonergic neurons in DR projects to 
GABAergic neurons which in turn projects to DA neurons within the VTA. This Sig-1R-
mediated neuronal pathway implies the crucial involvement of serotonergic neurons in the action 
of cocaine. These results reveal a new molecular mechanism underlying the actions of cocaine 
which may contribute to a better understanding of the addictive properties of this widely abused 
drug. (This study supported by the IRP/NIDA/NIH/DHHS) 
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Abstract: Generally, mental stress enhances irresistible impulse to addictive craving. However, 
the molecular mechanism is not fully understood. We reproduced this behavior in a mouse 
model, in which pre-exposure of mice to social defeat stress (SDS) increased cocaine preference. 
Motivation for preference is well known to be controlled by dopamine neurotransmission in 
reward system network from the ventral tegmental area to nucleus accumbens (NAc). We 
therefore performed microdialysis to detect dopamine levels in the NAc. Dopamine levels in the 
NAc increased when mice were placed in cocaine-conditioned box, and the increase in dopamine 
levels was significantly enhanced after SDS. As dopamine is known to be an inducer of oxidative 
stress, we tried whether antioxidant-rich-foods or anti-oxidative reagent decreases cocaine 
preference after SDS, the former had no effect, but the latter had a trend to decrease the 
preference and locomotor sensitization by cocaine. Next, we measured the expression level of 
oxidative stress response proteins, and found that nuclear respiratory factor (Nrf) was 
significantly increased only when mice were treated with cocaine after SDS. Furthermore, 
overexpression of dominant negative form of Nrf in NAc suppressed cocaine preference after 
SDS. Now we examine whether the anti-oxidant reagent inhibits the enhanced expression of Nrf 
after cocaine administration following by SDS. 
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Abstract: Chronic cocaine intake decreases basal levels of glutamate in brain regions that 
regulate reward, such as the nucleus accumbens. This effect correlates with the vulnerability to 
relapse in rats and is thought to involve downregulation of the cysteine/glutamate antiporter 
located on glial cells. In cocaine-experienced rats, systemic administration of the cysteine 
prodrug N-acetylcysteine (NAC), restores the function of the cysteine/glutamate exchanger and 
reduces the vulnerability to relapse. Drug addiction involves several behavioural symptoms that 
involve relapse to drug use during abstinence, but also an increased motivation to take drug. 
Indeed, spending much time and effort obtaining, consuming and recovering from drugs is one of 
the diagnostic criteria for addiction. Our objective here was to determine whether systemic 
administration of NAC influences the motivation to take cocaine in cocaine-experienced rats. To 
this end, rats were trained to press a lever to self-administer cocaine (0.25 mg/kg), during daily 
6-h sessions. Cocaine was available intermittently during each session. Intermittent drug intake, 
in contrast to continuous drug intake, is more effective in producing brain and behavior changes 
that are relevant to addiction (Zimmer et al., 2011) and is also thought to best model the way 
experienced cocaine users take the drug (Beveridge et al., 2012). Thus, in a protocol adapted 
from Zimmer et al. (2011), cocaine was available in 6-min bins, separated by 26-min time-out 
periods, for 6h/day. First, we determined whether acute administration of NAC (0, 30, 60, 90 
mg/kg, ip) influences the motivation to self-administer cocaine, or food, as assessed using a 
progressive ratio schedule of reinforcement. Acute administration of 30, 60 and 90 mg/kg NAC 
decreased the motivation to take cocaine without affecting the motivation for food. Next, we 
determined whether chronic NAC administration (0, 60 mg/kg, i.p) during withdrawal from self-
administered cocaine influences the later motivation to take the drug. NAC injected daily during 
either 7 or 14 days of withdrawal from cocaine had no effect on the motivation to take the drug. 
Finally, we examined the effect of NAC treatment prior to each cocaine self-administration 
session on the later motivation to take cocaine. NAC treatment reduced both cocaine intake 
during the intermittent-access sessions and the later motivation to take cocaine. Thus, acute 



treatment and chronic pretreatment with NAC are both effective in decreasing the motivation for 
cocaine. These findings contribute to a growing literature suggesting that NAC deserves clinical 
attention as a treatment for cocaine addiction. 
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Abstract: Repeated cocaine exposure causes compensatory neuroadaptations in neurons of the 
nucleus accumbens (NAc), a region known to mediate the reinforcing effects of drugs. Recent 
studies have suggested that the cellular energy sensor AMPK regulates neuronal morphology and 
membrane excitability. However, the potential involvement of AMPK in cocaine addiction is 
still unknown. Here we found that intravenous cocaine self-administration induced a significant 
decrease in AMPK activity persisting for at least 7 d of withdrawal in the NAc shell. Through 
direct genetic and pharmacological manipulations of AMPK signaling, we found that 



augmenting AMPK activity in NAc shell markedly attenuated cocaine reinforcement of self-
administration behavior, while inhibition of AMPK activity significantly enhanced cocaine 
reinforcement, as indicated by downward or upward shifts in fixed ratio dose-response curves. 
Inhibiting AMPK activity in NAc shell also increased motivation for cocaine injections on more 
demanding progressive ratio schedules. These behavioral findings were associated with changes 
in the phosphorylation of AMPK and CRTC1, and expression of CREB-dependent genes and 
membrane GluR1 and GluR2 in the NAc shell. Moreover, the effects of AMPK on cocaine 
reinforcement and motivation were prevented by expressing constitutive active CRTC1 or 
knockdown of CRTC1 in the NAc shell. We also found that AMPK mediated cocaine-induced 
dendritic spine morphology of NAc neurons. Altogether, our results indicate that AMPK 
regulates cocaine reinforcement and motivation through long-term remodeling of neuronal 
morphology and function in the NAc via transcriptional reprogramming, and its activity during 
cocaine use influences the development and persistence of addictive behaviors. 
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Abstract: Cocaine addiction induces long-lasting alterations in the mesocorticolimbic system, 
some of which may be mediated by the mechanisms of long-term potentiation (LTP). Persistent 
phosphorylation by protein kinase M zeta (PKMζ), a brain-specific atypical isoform of PKCζ, 
mediates late-LTP maintenance. This notion was recently challenged when PKC/PKMζ knock-
out mice showed intact LTP and reversal of LTP by infusion of its inhibitor ZIP. This suggested 
that LTP can develop independently of PKMζ, and ZIP may block another atypical PKC. PKCι/λ 
is another atypical PKC isoform whose marked homology (88%) to PKMζ makes it a potential 
candidate for participation in the LTP process when PKMζ is not present; and could possibly 
compensate for PKMζ loss in the knockout mice. Here, we aim to investigate the role PKMζ, and 
PKCι/λ may play in cocaine-induced LTP, using the cocaine behavioral sensitization model. To 
this end, we examined the total protein expression profile of PKMζ and PKCι/λ in naïve animals 
and at different time points of the cocaine behavioral sensitization: 24 hours after an acute 
exposure, 24 hours after 5 days of cocaine sensitization, and 24 hours after a 7 day withdrawal 
period following 5 days of cocaine sensitization. Sprague Dawley male rats (250g) received 
intraperitoneal cocaine (15mg/kg) or 0.9% saline injections for 1 or 5 consecutive days, and 
locomotor activity was recorded for 1hr. The rats were sacrificed and tissue micro punches of the 
ventral tegmental area (VTA), nucleus accumbens (NAc), prefrontal cortex (PFC), and 
hippocampus (Hipp) were subjected to protein extraction and western blot analysis. Results show 
no significant difference in the expression of PKCι/λ and PKMζ between all four brain areas of 
naïve animals. After a single cocaine exposure, PKCι/λ protein expression was decreased in the 
PFC. In cocaine sensitized animals PKMζ protein expression and not PKCι/λ was significantly 
increased in the NAc and Hipp. After a 7 day withdrawal period, PKCι/λ protein expression was 
significantly decreased in the hippocampus. These results suggest that PKMζ protein increase in 
NAc might precede important changes for the expression of sensitization; possibly playing a role 
in NAc LTP. PKC ι/λ protein expression decrease in the PFC after an acute cocaine exposure and 
after a 7 day withdrawal period may result from a compensation to increased PKMζ activity. 
Future measurement of phosphorylated PKCι/λ and PKMζ (activated state) will allow us to 
ascertain their role in cocaine sensitization and LTP formation. This may shed light into the 
pathological mechanisms of cocaine-related plasticity during the addiction process. 
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Abstract: There are well established sex differences in the susceptibility to addiction, where 
women show faster escalation of drug use and are more prone to relapse than their male 
counterparts.  Similar findings have been reported in rodent models, where females acquire 
cocaine-taking behavior more rapidly than males. Gonadal hormones modulate this sex 
difference, as the positive subjective effects of psychomotor stimulants are enhanced by estradiol 
in women, and estradiol also enhances the acquisition of cocaine self-administration in female 
rats. Our laboratory has previously reported that acute estradiol administration also enhances 
cocaine-induced dopamine release in the nucleus accumbens (NAc) shell in females but not 
males (Yoest et al. Estradiol rapidly enhances dopamine in nucleus accumbens shell of female 
but not male rats. Program No. 617.12. 2014 Neuroscience Meeting Planner. Washington, DC: 
Society for Neuroscience, 2014. Online.) However, which estrogen receptor is mediating this 
effect is still unknown. The estrogen receptors ERα and GPER-1 are both expressed in the NAc 
(Almey et al., Hormones & Behavior, 74:125-138, 2015) and reduction of ERα in this area 
blocks estradiol induced place preferences (Walf et al., Neuropsychopharmacology, 32:522-530, 
2007). However, ERβ mediates the effect of estradiol on cocaine-induced reinstatement (Larson 
& Carroll, Neuropsychopharmacology, 32:1334-1345, 2007), suggesting a potential role for this 
receptor as well. With this experiment, we tested the effect of acute selective estrogen receptor 
activation on cocaine-induced dopamine release in the NAc shell.  Gonadectomized male and 
female rats were anesthetized and treated with either the ERα selective agonist propyl pyrazole 
triol, the ERβ selective agonist diarylpropionitrile, the GPER-1 selective agonist G1, or vehicle 
30 min prior to administration of cocaine (10mg/kg i.p.). Fast scan cyclic voltammetry (FSCV) 
was used to measure stimulated dopamine release in the NAc shell both prior to and after cocaine 
administration. We found that activation of specific estrogen receptor subtypes differentially 
modulate dopamine release in the presence of cocaine. These findings further elucidate the 
mechanism by which estradiol exerts sex-specific effects on dopamine release. Importantly, 
dopamine signaling in the NAcc has been implicated in the acquisition and escalation of drug 
taking behaviors, aspects of addiction that are more pronounced in female addicts. A full 
understanding of the mechanism by which estradiol may render women more susceptible to 
compulsive drug use will help to develop gender-specific treatments in clinical settings. 
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Abstract: Oxytocin (OT) is a neuropeptide secreted by the hypothalamic paraventricular nucleus 
(PVN) and commonly associated with social behaviors, stress responses and drug-addiction. 
Previous studies have shown that OT has anxiolytic properties associated with cues in a cocaine-
conditioning paradigm, but the underlying mechanism remains unknown. This study aims to 
characterize possible mechanistic interactions between OT and the endocannabinoid system 
mediating cocaine conditioning and anxiety response, in particular the cannabinoid receptor type 
1 (CB1) and the transient receptor potential vanilloid type-1 (TRPV1). Rats were exposed to 
activity chambers after receiving systemic intraperitoneal injections of cocaine (10 mg/kg) or 
saline 0.9%. On the last day (D7), rats received intranasal infusions of OT (1 ug/uL) or vehicle 
30 minutes prior being exposed to the cue-associated environment. Our results showed that OT 
pretreatment reduced cocaine-paired conditioned locomotion. Preliminary western blot analysis 
showed an upregulation of OT receptors within the hippocampus and amygdala and a 
downregulation of these receptors within the prefrontal cortex (PFC). Further 
immunohistochemical analysis will be conducted to determine possible interactions or 
colocalization between OT, CB1 and TRPV1 receptors. This preliminary data suggests intranasal 
OT as a novel therapeutic approach of cocaine addiction. 
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Abstract: Drug memories that associate contextual cues with the effects of drugs are known to 
shape persistent drug seeking behaviors in rodents. In abstinent humans, drug cues are known to 
evoke salient, persistent and overwhelming memories of drug-taking experiences, thereby 
inducing higher risks of craving and relapse. Since the transfer of glycogen-derived lactate from 
astrocytes to neurons is required for long-term memory, we explored the possibility that 
disrupting glycogenolysis in the basolateral amygdala (BLA) could impair the acquisition and 
maintenance of positive affective memories associated with cocaine-associated cues. We have 
observed that rats treated with intra-BLA infusions of the inhibitor of glycogen phosphorylase 
(DAB 300 pmol/side), 15 minutes before conditioning sessions of a conditioned place preference 
(CPP), failed to exhibit a clear cut preference for side previously paired with cocaine. To assess 
the importance of astrocyte-derived L-actate in the maintenance of cocaine- induced CPP, 
another group of rats received a post-conditioning administration of DAB into the BLA prior to 
the test. Whereas saline treated rats exhibited a strong preference for the rewarding compartment 
up to seven days, DAB-treated rats only transiently displayed an abolished preference for the 
cocaine compartment that was restored after seven days. In contrast, a double injection of DAB 
(15 min before and 5 hrs after contextual re-exposure) completely abolished the cocaine 
attractiveness for up to two weeks. Importantly, rats injected with DAB in home cages 24h prior 
to the test exhibited a strong CPP, suggesting a role of DAB on experience-dependent memory 
reconsolidation. Finally, we demonstrated that drug memory was rescued by Lactate co-
administration through a mechanism requiring the synaptic plasticity related transcription factor 
Zif268, and extracellular signal-regulated kinase (ERK) signalling pathway. Interestingly, co-
administration of DAB and Pyruvate failed to do so, demonstrating that Lactate played a non-
metabolic role in this process. We then targeted the prefrontal cortex (PFC) with a similar 
protocol, but rats continued to exhibit a strong preference for the cocaine compartment. Taken 



together, these results highlight a signaling role of astrocytic lactate in both acquisition and 
maintenance of cocaine-seeking behavior and open novel therapeutic avenues to reduce the long-
lasting impact of drug cues on conditioned responses to cocaine. 
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Abstract: Concepts provide the scaffolding structures to interpret the world and assign meaning 
to novel information. This often requires incorporating relations between knowledge entities at 
multiple hierarchical levels. While previous fMRI studies revealed that hippocampal and 
prefrontal activity scales with the acquisition of simplistic one-dimensional concepts, it remains 
elusive how the brain accumulates and represents knowledge at multiple levels of abstraction. 
Here we combined model-based fMRI with representational similarity analysis to examine local 
computations during learning of a two-level hierarchical category structure and their relation to 
neural concept representations. During scanning, participants learned to categorize artificial 
complex stimuli into two basic and four sub-categories according to a hierarchical rule. In each 
trial incremental feedback indicated up to which level in the hierarchy the participants placed a 
stimulus correctly. In addition to these feedback-guided learning trials, we interleaved feedback-
free probe trials to track the transfer of conceptual knowledge to novel information. The amount 
of level-specific conceptual knowledge per trial was estimated from behaviour during learning 
and transfer trials in a hierarchical state-space model and regressed against brain activity to track 
the accumulation of hierarchy-specific conceptual knowledge. We find that behavioral 
performance on both category levels increased across trials and ultimately exceeded chance-level 



in all participants. Importantly, the learning trials on the basic category level preceded the 
learning trials on the subcategory level, confirming the hierarchical nature of the acquisition 
process. In addition, participants acquired explicit knowledge of the categorization rules as 
assessed in a final debriefing questionnaire. Preliminary analyses of fMRI data indicate level-
dependent involvement of striatal, prefrontal and hippocampal structures during acquisition. 
Before and after learning, exemplars of each category were presented in task-independent blocks 
to assess learning-induced changes in multi-voxel pattern similarity across exemplars. 
Preliminary results point towards a representational clustering of exemplars according to their 
position in the acquired concept structure. Finally, we aim to investigate interactions between 
neural concept representations, learning-related activity, and behavior. In sum, this study could 
shed new light on the representational dynamics underlying concept formation at different levels 
of abstraction. 
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Abstract: Contemporary models of episodic memory posit that remembering involves the 
reenactment of encoding processes. Although encoding-retrieval similarity (ERS) has been 
consistently reported and linked to memory success, the nature of the neural pattern 
reinstatement is poorly understood. Using high-resolution fMRI, our results obtained clear 
evidence for item-specific pattern reinstatement in the frontoparietal cortex (PFC) but not in the 
ventral visual cortex (VVC), even when the encoding-retrieval pairs shared no perceptual 
similarity. Nevertheless, the brain regions and voxels carrying item-specific representation 
differed significantly between encoding and retrieval, and the item-specificity for ERS was 
smaller than that for encoding or retrieval. Cross-region representation analysis suggests that the 
encoded representation in the VVC was reinstated in the FPC during retrieval. These results 
suggest retrieval might involve the reinstatement of a more abstract representation of the 



encoded information, which emphasizes the constructive nature of memory retrieval that helps to 
serve important adaptive functions. 
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Abstract: Episodic memory retrieval relies on integration of information about what an item 
was, as well as when and where it was encountered. Previous research from animal lesion studies 
using a novelty preference paradigm found that the hippocampus and the medial prefrontal 
cortex were critical for different aspects of recollection of episodic events (DeVito & 
Eichenbaum, 2010). The present study attempts to adapt this paradigm to assess these 
components behaviorally and physiologically in humans using a memory recognition task. 
Participants studied two virtual “rooms” containing images of women, with each image 
presented consecutively in a random location for 4s. Between rooms, participants engaged in a 
go/no-go distractor task for either 15 seconds (“short” retention interval) or 3 minutes (“long”). 
After both rooms were studied, participants made old/new judgments with half of the items being 
new. Half of the images appeared in the same location as during the study phase (“stationary”) 
with the others appearing in a new location (“displaced”). Behavioral results showed 
significantly longer reaction times (RTs) for new items than old, and longer RTs for long 
retention intervals relative to short. Electrophysiological (EEG) results show a significant main 
effect of old/new status in the left parietal area in the interval from 500 to 800 ms post-stimulus 
onset, with old items eliciting larger amplitudes than new items, but this result was unaffected by 
retention interval. Additionally, the effects associated with the “when” and “where” aspects of 
remembered events were analyzed, both with respect to their individual contributions to 
performance and the integration of all three aspects. Finally, trial-by-trial regression analyses 
were performed with results providing additional insight into the temporal evolution of all three 
informational components of episodic memory. 
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Abstract: The ability to remember relies on a complex interplay of processes that we are only 
beginning to understand. Event-related potential (ERP) studies have proven to be powerful tools 
in the delineation of these processes. Nevertheless ERP components related to memory are often 
hard to interpret due to the nature of the stimuli (e.g. words or faces), and the memory task (e.g. 
retrieval vs recognition). We wondered whether a given known ERP component might in fact 
reflect an effective-retrieval process which is not camouflaged by another non-specific 
component. This study sought to solve this issue by using artificial fractal images as stimuli and 
by comparing two tasks which were almost the same in every aspect except the memory process. 
In the Delayed Match to Sample task (DMS) subjects had to pair a cue stimulus with itself 
(control task) and in the Delayed Paired Association task (DPA) subjects had to pair the cue 
stimulus with its pair associate (previously learned). Twenty students (10 women, x̄= 23.45 ± 
3.73 years) participated in the experiment. All subjects performed above 80% during the DPA 
learning task. Mean percentage of correct responses were 98.94 ± 1% in DMS and 96.54 ± 
3.88% in DPA. Response times of correct answers were significantly faster in the DMS (680 ± 
215 ms) as compared to DPA (938 ± 406 ms). EEG Activity was recorded from 30 electrodes. 
ERPs mean voltage were analyzed on six regions of interest, each containing the average value 
of a group of four electrodes and grouped between the two hemispheres as following: left 
anterior (F7, F3, FC5, FP1), left central (FC1, C3, CP5, T7), left posterior (CP1, P7, P3, O1), 
right anterior (F4, F8, FC6, Fp2), right central (FC2, C4, CP6, T8), and right posterior (CP2, P4, 
P8, O2). We asked which memory-related ERP component explained the differences between the 
two tasks. Three ERP components, P300 (200-350ms), N400 (450-600ms) and Positive Slow 
Wave (700-850ms) with distinct scalp topographies, were found to differ significantly among the 



two tasks. These electrophysiological differences are interpreted as reflections of processes that 
correlated with memory retrieval processes. This approach, utilizing stimuli with a very small 
verbal contamination and comparing a memory task with a control task, strengthen our 
understanding of the ERP component implicated in memory retrieval processes. 
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Abstract: Successful memory encoding appears to be associated with changes in 
electrophysiological rhythms (oscillations). However, in the case of memory for visual stimuli, 
both increases and decreases in parieto-occipital alpha band (8-12 Hz) power, as measured in 
human magneto/electroencephalography (M/EEG), have been linked to successful subsequent 
memory retrieval. Here we seek to explain these varying results, by considering the timing of the 
oscillatory changes, and the broader connections of alpha power with both mnenomnic and 
perceptual processing. Traditionally, increases in alpha power (“alpha synchronization”) are 
thought to reflect an attenuation of bottom-up sensory processing. Thus, we hypothesized that 
peri-stimulus decreases in alpha power may support initial stimulus encoding by amplifying 
sensory input, while post-stimulus increases in alpha power may support short-term 
consolidation by reducing interference. In a test of this hypothesis, participants were presented 



with a continuous streams of words, followed by old/new recognition tests. We recorded EEG 
during the presentation phase, and then contrasted the spectral signatures associated with 
successful encoding (hits) versus later forgetting (misses). We found that peri-stimulus decreases 
in alpha power over occipito-parietal sites during the presentation phase were related to 
successful encoding. This is consistent with the interpretation that alpha desychronization 
supports the initial processing of the to-be-encoded stimulus. Furthermore, we also found that 
post-stimulus increases in alpha power were predictive of successful encoding. This suggests that 
once the information has entered the system, suppression of additional incoming sensory input 
promotes the consolidation of information into a durable memory trace. Subsequent analyses 
showed that these opposing effects in the alpha band might operate at different timescales, and 
are independently and additively predictive of memory outcomes. These results offer a novel 
framework for interpreting the role of fluctuating alpha oscillations in the ongoing formation of 
immediate percepts and longer-term memories. 
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Abstract: Repeated mild traumatic brain injury (mTBI) is common among military personnel 
who served in the conflicts in Iraq and Afghanistan. A significant number of Veterans who 
sustained repeated blast-related mTBIs report ongoing cognitive difficulties, and there is 
emerging evidence that blast-related mTBI can be associated with alterations in brain structure 
and function that are evident years post injury. Although working memory difficulties are 
frequently reported in this population, the neural underpinnings of this particular cognitive 



inefficiency remain unclear. In order to address this question, this study evaluated intrinsic 
functional connectivity within the working memory network in Operation Iraqi Freedom 
(OIF)/Operation Enduring Freedom(OEF)/Operation New Dawn (OND) Veterans with a history 
of repeated blast-related mTBI (N=25) and deployed controls (N=17). Average time since injury 
in the mTBI group was 71 months (range 18-109 months). All participants completed a 
neuropsychological measure of working memory called the Auditory Consonant Trigrams Test 
(ACT) and two 6.5 minute resting state fMRI scans. A subset of participants in the mTBI group 
(N=21) also completed a self-report measure of current cognitive functioning called the Behavior 
Rating Inventory of Executive Function-Adult Version (BRIEF-A). fMRI analyses were 
conducted from frontal seed regions selected because they are well-established components of 
the working memory network. A high percentage (62%) of Veterans with a history of blast-
related mTBI reported clinically significant difficulties with working memory on the BRIEF-A, 
but no group differences were present on the ACT, an objective measure of working memory. 
The fMRI results revealed increased connectivity from the frontal seed regions to areas in the 
frontal-temporal-parietal regions of the brain in the mTBI group relative to the deployed 
controls. Further, within the mTBI group, but not the deployed control group, performance on 
the ACT was correlated with increased connectivity between the frontal seed regions and key 
components of the working memory network including superior parietal lobe and cerebellum. 
These correlations were present after controlling for PTSD and age, and support the possibility 
that long-term alterations in the working memory network may result from repeated blast-related 
mTBI. 
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Abstract: It is well-established that stress-induced changes in cortisol significantly affect 
memory function. Cortisol has been shown to enhance memory consolidation, the process of 
converting short-term memories into long-term memories, and impair memory retrieval, the 
process of accessing previously stored long-term memories. However, little is known about the 
effect of stress-induced changes in cortisol on the hippocampus and its subregions, which have 
recently been shown to contribute dissociable computational functions to the consolidation and 
retrieval of memories. In the present study, we examined the effect of acute stress, induced by 
the Trier Social Stress Test (TSST), on a memory task designed to tax the functioning of the 
dentate gyrus and CA3 subregions of the hippocampus. The study aimed to determine whether 
stress-induced cortisol differentially affects hippocampus-dependent memory consolidation and 
retrieval processes in healthy young adults. Sixty-nine young adults completed a two-day study 
in which subjects either underwent the TSST immediately following the encoding part of the 
memory task, or immediately prior to the recognition part of the memory task on the second day. 
Control subjects completed the same study procedures but underwent a control version of the 
TSST that did not induce a stress response. Stress-induced elevation of cortisol during memory 
consolidation enhanced the ability to discriminate between highly similar items 24 hours later 
while stress-induced elevation of cortisol during memory retrieval had no significant effect on 
memory performance. These findings show that acute stress-induced change in cortisol 
differentially affects the consolidation and retrieval stages of memory function, and particularly 
enhances the consolidation of highly similar items, a function thought to rely strongly on the 
dentate gyrus and CA3 subregions of the hippocampus. 
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Abstract: Sleep is crucial to learning and memory consolidation. It is well established that 
daytime naps provide benefits to declarative memory retention, relative to an equivalent period 
of wakefulness. However, it is unclear whether the enhanced retention associated with napping 
outweighs the benefits of revising learned information instead of sleeping. Clarity on this point is 
essential to assess the usefulness of napping to educators and students. Participants learned 
detailed conceptual knowledge during several learning sessions across a day. Between these 
sessions they were allowed a one-hour daytime nap (nap; n=23), a rest period where they 
remained awake (wake; n=24), or they revised previously learned information (revise; n=25). 
We found that revising and napping resulted in significantly better memory than wakefulness 
when tested immediately after learning that day. Moreover, after one week, memory in the nap 
group remained significantly superior to the wake group, while the enhancement observed in the 
revise group was no longer significant. Thus, despite the revise group having an additional hour 
with the learning materials, the benefits of this extra time were not as long lasting as those 
offered by a nap. This provides a powerful demonstration of the benefits of napping for long 
term retention of declarative memories, and suggests daytime naps could benefit learning in 
young adults. 
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Abstract: A recently proposed theoretical framework postulates that there is a push-and-pull 
relationship between the medial PFC—thought to facilitate the encoding of material congruent 



with preexisting schema—and subregions of the MTL—which may preferentially encode novel 
or schema-incongruent material. Past research pertaining to this framework has naturally focused 
primarily on the encoding phase. Less is known therefore, about the retrieval processes that 
operate on congruent/incongruent information encoded through potentially dissociable 
mechanisms, or about the interaction between encoding and retrieval processes in this context. 
To help clarify how schema congruence influences mnemonic processes within and across phase, 
we examined the brain activity both during the encoding of schema congruent and incongruent 
word-scene pairs and also at a subsequent cued-recall phase in which subjects received the word 
cue and attempted to retrieve visual details of the corresponding (semantically congruent or 
incongruent) picture. Behaviorally, we found a schema-congruency enhancement effect whereby 
visual memory was more vivid for schema-congruent images. A similar enhancement was also 
observed in a separate test of conceptual (vs. perceptual) memory. Neuroimaging contrasts 
showed that activity in both medial PFC and MTL increased along with visual memory ratings 
for schema-congruent pairs, but for the recall of incongruent images, this memory-activity 
relationship was selective to MTL. Additionally, we found an interaction in medial PFC whereby 
activity also tracked subsequent forced-choice scene recognition performance, but only for 
scenes congruent with retrieval cues. Ultimately, these findings add to a growing body of 
research exploring the relationship between episodic memory and prior knowledge, and suggest 
that various forms of episodic retrieval for information differing in schema-congruence may rely 
on mechanisms that are sensitive to semantic relationships when information is initially 
processed. 
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Abstract: Visual working memory (VWM), or the ability to store and maintain visual 
information over short periods of time, is essential for acquiring and processing information. 
Although this system is crucial for everyday functioning, it is also very limited in capacity. 
Finding a way to extend this capacity is potentially beneficial for almost all cognitive (and 
probably not only) processes. One common daily routine that has been shown to improve VWM 
capacity is video game playing (in comparison studies: Blacker & Curby, 2013; Wilms, Petersen, 
& Vangkilde, 2013; as well as in a training study: Blacker et al., 2014). The observed 
performance advantage of video game players (VGPs) over non-players (NVGPs) was also 
shown to be correlated with anatomical changes in the brain (Tanaka et al., 2013). In our study 
we compared VGPs playing in different game genres on their VWM performance using two 
indices of its capacity: the behavioral estimate of VWM capacity (K scores) based on change 
detection paradigm performance and contralateral delay activity (CDA) indexing VWM based on 
changes in EEG signal recorded during task completion. 45 participants were recruited via online 
questionnaire: 15 NVGPs, 15 real-time strategy players (defined as playing RTS games > 5 
hours per week) and 15 first-person shooter players (defined as playing FPS games > 5 hours per 
week). All participants were male and the mean age was similar across groups. Each participant 
underwent 576 trials of the change detection task (144 per load, using load 2, 3, 4 and 5). CDA 
was derived from parietal electrode clusters (O1, P3, PO3, P7 vs. O2, P4, PO4, P8) by 
subtracting averaged ipsilateral signal from signal contralateral to presented stimuli. 
On the behavioral level, RTS players had higher capacity (K scores) than NVGPs, especially at 
higher loads. They were also better than FPS players, although these differences were smaller 
(significant set size x group interaction: F(4.08,85.81) = 3.10, p = .019, ηp

2 = .129). 
Psychophysiological results mimicked the behavioral. RTS players had larger CDA compared to 
FPS and NVGP groups, especially at load 2, where RTS players had larger CDA than did both 
NVGPs (p = .016) and FPS players (p = .024) and load 3, where RTS players had larger CDA 
than NVGPs, p = .027. Interestingly, averaged CDA signal was found to correlate with average 
K, but for the NVGP group only (r = -.599, p = .030). Our results show that cognitive 
enhancement observed in video game players has a clear psychophysiological correlate. They 
also support the thesis that VGPs, but especially RTS players, are able to process a larger number 
of representations in their VWM, which can influence the course of other cognitive functions. 
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Abstract: Humans are capable of representing recent visual information in a robust but flexible 
form of working memory. The amount of information that can be stored in working memory is 
inherently limited, although the nature of limitations has been a subject of intense debate [1,2]. 
Both sides of that debate have relied heavily on models that assume independent item encoding. 
While recent work has highlighted item dependencies that are elicited by data compression 
strategies that exploit stimulus statistics, it is unknown whether such dependencies are in play for 
standard working memory tasks that involve unpredictable and independent stimuli [3,4]. Here 
we combine computational modeling with human experiments to show that under such 
conditions stimulus data can be, and is, compressed through joint encoding of similar feature 
values. To do so, we first develop a toy model of capacity-limited memory storage and find that 
simulated task performance is improved when stimulus values for similar items are stored as a 
single chunk. The simulated performance bonus for chunking was highly contingent on the 
statistics of each stimulus array, which could be summarized by a statistical measure of stimulus 
clustering. Second, we show that human subjects performing a delayed-estimation task are more 
accurate and confident when reporting colors from more clustered stimulus arrays. The observed 
performance bonus was not driven by an increase in perfect color reproductions, but rather by an 
increase in reproductions slightly offset from the target color, consistent with chunking. 
Furthermore, the bonus was larger on trials following positive feedback, suggesting a potential 
role for evaluative systems in the chunking process. Taken together, these findings suggest that 
visual item encoding is subject to a rational chunking process that sacrifices encoding precision 
and item independence to maximize performance in situations where capacity limits are small 
relative to the amount of visual information available. We consider mechanisms whereby such 
optimization could be achieved through efficient gating of feature representations into prefrontal 
memory stores. 
1. Luck SJ, Vogel EK. Trends in Cognitive Sciences 2013, 17:391-400. 
2. Ma WJ, Husain M, Bays PM. Nature Neuroscience 2014, 17:347-356. 
3. Brady TF, Konkle T, Alvarez GA. Journal of Experimental Psychology: General 2009, 
138:487-502. 
4. Sims CR, Jacobs RA, Knill DC. Psychological Review 2012, 119:807-830. 
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Abstract: Pattern separation is a computational process whereby potentially similar memory 
representations are made as dissimilar as possible at the time of encoding. The complementary 
process, pattern completion, is the process whereby memory representations are retrieved given a 
noisy or degraded cue. Previous neuroimaging research in humans has demonstrated that the 
hippocampus is especially prone to perform pattern separation while the adjacent medial 
temporal lobe (MTL) cortex is biased toward pattern completion. Further research with patients 
with hippocampal damage has demonstrated a specific impairment in pattern separation in the 
context of spared recognition memory. The mnemonic similarity task used to assess pattern 
separation processes relies on explicit memory processes. However, it is unclear if implicit 
memory representations have an influence on pattern separation and pattern completion 
processes. This study used masking to present stimuli at intervals below conscious perception 
(<30ms) in order to measure the potential effects of implicit representations on pattern separation 
and pattern completion. We hypothesized that priming would facilitate pattern separation 
dependent mnemonic discrimination. We modified the mnemonic similarity task in which 
participants view novel, repeated (targets) and perceptually/conceptually similar stimuli (lures) 
and indicate whether images are new, old, or similar, respectively. Prior to each memory probe 
stimulus, we presented a masked prime for 8, 24, or 100ms. Primes preceding targets and lures 
were either the exact same as the memory probe stimulus or the related lure stimulus. Primes 
preceding novel stimuli were randomly selected from a large pool of unrelated foils. Exposure to 
the 24ms prime facilitated mnemonic discrimination performance when the prime matched the 
memory probe but interfered with mnemonic discrimination when there was a mismatch. These 
data indicate that priming facilitates pattern separation processing. 
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Abstract: Pattern separation is a computational process in which similar memory traces are 
encoded as dissimilar as possible in order to reduce overlap. The hippocampus has been shown 
to be critical for this process. While there is considerable research on pattern separation over 
single study sessions, little is known about how these memory representations are consolidated 
over several days. The present study sought to examine the pattern separation process over a 
five-day period using functional magnetic resonance imaging (fMRI). 
Fifteen participants studied images of everyday objects as they were presented one at a time on a 
computer screen and were instructed to indicate whether the item is generally found indoors or 
outdoors. After study, participants completed fMRI scans once a day for five days in which 
images were presented and participants again indicated whether the item is generally found 
indoors or outdoors. Images were composed of three categories, namely, exact repeats of studied 
items, items similar to studied items, and completely new images. We took repeat and similar 
images for each day from a different subset of the original studied images so no images were 
presented more than once during the scan. New images were used as a functional baseline. 
A whole-brain analysis revealed a significant interaction between day and stimulus type in the 
ventromedial prefrontal cortex (vmPFC). Specifically, activity for repeat items increased linearly 
across days while activity for lure items remained near baseline. A comparison between repeat 
items for the vmPFC and hippocampus regions showed a significant day by region interaction, 
with vmPFC activity increasing for each subsequent day while hippocampal activity remained 
near baseline. 
Both the hippocampus and vmPFC are important structures in long-term memory. Prior studies 
have shown that activity in the vmPFC increases as memories are consolidated and our results 
are consistent with these findings. Our results also give evidence for differing processes in the 



consolidation of pattern-separated memory representations. While activity in the hippocampus is 
not affected over several days, an increase is observed in the vmPFC. Further research can focus 
on closer examination of the patterns of activity in hippocampal subregions over time. 
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Abstract: Pattern separation is the process whereby distinct memory representations are encoded 
in such a way as to reduce potential overlap. Pattern completion is the complementary processes 
whereby memory representations are retrieved when given a partial or noisy retrieval cue. 
Behaviorally, pattern separation and pattern completion have been tested using mnemonic 
discrimination paradigms that employ either a study/test or continuous recognition format. 
Correct rejection of new but perceptually similar stimuli (i.e., Lure CRs) are thought to depend 
on accurate pattern separation processes whilst false alarms to lures (Lure FAs) are thought to 
reflect pattern completion processes. What has yet to be determined is whether or not Lure FAs 
result in a rewriting of the original memory trace or in the formation of a new memory trace that 
is distinct from the original. Participants studied 200 visual stimuli while performing an 
incidental encoding task. During the first test phase, participants were presented stimuli that were 
either the same as, or similar to stimuli previously seen, and the participants indicated whether 
the stimuli were the same or similar. This resulted in false alarm (Lure FA), correct rejection 
(Lure CR), hit, and miss responses. In a second surprise recognition memory test, participants 
were presented both the original and similar stimulus simultaneously in a two-alternative forced-
choice format. High- resolution whole-brain functional MRI (fMRI) data were collected during 
both testing phases. Behavioral analyses indicated that second-test performance following first-
test false alarms was essentially at chance; participants responded to previous false alarms with 
either a hit or false alarm equally (FA-FA vs. FA-Hit). Likewise, confidence ratings and 
response times for both FA-FA and FA-Hit were indistinguishable. FMRI activation in the left 
inferior frontal and supramarginal gyri during first-test FA responses predicted a second-test 



correction from pattern completion to recognition (FA-Hit); that is, differential activity in these 
regions during first-test FAs were predictive of continued pattern completion (FA-FA) or 
correction (FA-Hit) in the second test. These data indicate that these regions are resilient to 
incorrect pattern completion. 
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Abstract: Healthy aging impairs associative memory -- the ability to remember associations 
between previously unrelated pieces of information (Naveh-Benjamin, 2000). Unitization, the 
process of creating one semantic representation that includes both items in an associative pair, 
attenuates age-related associative deficits (Zheng, et al., 2015; Bastin et al., 2013; Ahmad et al., 
2014). Examples of unitized pairs include compound words (Giovanello et al., 2006; Quamme, 
et al., 2007) and words imagined in a specific color (Diana et al., 2011). Many studies have 
argued that unitizeable associative pairs rely less on hippocampal function than traditional 
associative pairs. For example, hypoxic patients, with damage relatively limited to the 
hippocampus, benefit from word pairs that can be unitized (Quamme et al., 2007). Thus, it is 
believed that with verbal stimuli, unitization of associative pairs allows for memory based on 
non-hippocampal medial temporal structures. Less is known about the benefit of unitization with 
visual stimuli, such as objects and scenes. Objects and scenes are two types of visual stimuli 
frequently encountered in the world and perceived in relation to one another. In the present 
study, we manipulated the degree of visual integration between objects and scenes, by presenting 
objects either next to their paired scene (Separated condition) or embedded within their paired 
scene (Combined condition) and measured associative memory performance in young and older 
adults while undergoing fMRI. 
Based on previous studies of unitization, we hypothesized that older adults would receive a 
mnemonic benefit from the integration of visual associative pairs. Further, we predicted greater 
hippocampal activation during the encoding of Separated associative pairs than Combined pairs, 
due to a greater need for binding between items. Consistent with our hypotheses, visual 



integration of objects and scenes improved associative memory performance in older adults. In 
addition, hippocampal activation was greater during the Separated than Combined condition 
across age groups. However, the degree of hippocampal activation during the Separated 
condition was related to performance in young, but not older adults. In older adults, the 
perirhinal cortex was the only medial temporal region that significantly predicted performance. 
These findings may suggest that hippocampal activation is less successful in older adults than 
young. Alternatively, object processing, which relies on the perirhinal cortex and is impaired in 
some older adults (Ryan et al., 2012) may be a greater predictor of successful associative 
memory with object-scene pairs. 
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Abstract: Fifteen percent of mild TBI (mTBI) patients report persistent cognitive problems, 
including difficulty remembering and focusing attention. Still, there are few effective 
medications for treating cognitive problems in TBI patients. In this study, we set out to test 
whether the FDA-approved medication tolcapone, by selectively enhancing cortical dopamine 
tone, could improve working memory in combat Veterans with mTBI. To date, 10 Veterans with 
mTBI have been administered a single oral dose of 200mg tolcapone and placebo on separate 
sessions, in counter-balanced order, under double-blind conditions. Nine of the subjects then 
completed an emotional facial working memory task in the MRI scanner; the tenth subject 
completed the task outside the scanner. In each trial, subjects first encoded either one (low load) 
or three (high load) neutral or fearful faces. Then, during a delay period, they identified an 
arousing or neutral distractor as a face or scene. Finally, they indicated whether a presented 
probe face was shown during the encoding period. As expected, participants’ recognition 
memory was less accurate in the high (vs. low) load condition (0.64 vs. 0.80, t9 = 7.28, p < 



0.0005) and when remembering fearful (vs. neutral) faces (0.70 vs. 0.74, t9 = 3.11, p = 0.013), 
collapsed across drug conditions. Consistent with previous work, a larger distractor cost (i.e., 
lower memory accuracy) was found with congruent (face) versus incongruent (scene) distractors, 
collapsed across valence and drug conditions (0.70 vs. 0.73, t9 = 2.23, p = 0.052). At the neural 
level, the task robustly activated the ventral visual stream and a frontoparietal network. In 
preliminary results, part of the frontoparietal attention network (including the right inferior 
parietal lobule) tended to be more active during encoding in the high (vs. low) load condition, 
collapsed across treatments (p < 0.01, uncorrected). Notably, ROI analyses revealed a significant 
effect of drug condition on activity in the bilateral fusiform face area (FFA) during cue encoding 
in the high versus low load conditions (p < 0.015), and this effect was in the same direction as a 
non-significant drug treatment effect on memory accuracy in the high load condition (0.62 vs. 
0.66, p = 0.18). These findings provide preliminary evidence that the task is a useful tool for 
measuring acute drug effects on working memory maintenance and resistance to distraction in 
veterans with mTBI. Our ongoing work seeks to further elucidate the ways in which tolcapone 
can influence cognitive control and its neural correlates, with particular attention to functional 
connectivity between prefrontal and relevant higher order sensory areas. 
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Abstract: The successful realization of future plans (prospective memory or PM) requires the 
agent to either maintain, or be able to retrieve, a goal for execution at a future time. This must be 
accomplished over periods during which the agent is involved in other, ongoing activities, while 
at the same time remaining responsive to the circumstances that demand goal execution. There 
are at least two distinct memory strategies that can be used to solve the PM problem: active 



monitoring, which relies on working memory (WM) to maintain the goal and a preparatory 
attentional process to continuously monitor the environment for events that signal the 
opportunity for goal execution; or episodic encoding and retrieval, which initially commits the 
goal to episodic memory (EM) and relies on automatic retrieval at the opportunity for goal 
execution arises. The WM strategy relies on a system widely considered to be capacity limited, 
and thus can incur costs with regard to other ongoing tasks that compete for this capacity. In 
contrast, the EM strategy carries a greater risk of retrieval failure, and thus PM failure. Each of 
these strategies may be better suited to some circumstances than others and, in general, PM 
success may rely on striking the right balance between them. Here we describe a computational 
model that incorporates neural network mechanisms previously used to implement working 
memory (Leaky Competitive Accumulators, c.f. Usher and McClelland 2001) and episodic 
memory, and integrates these to address a variety of behavioral findings previously reported 
from five seminal experiments on PM by Einstein et al. (2005): the effect of target focality, PM 
task priority, different monitoring strategies, the cost of increasing the number of goal states or 
PM targets, and the aftereffects of PM intentions. The model offers novel predictions that remain 
to be behaviorally tested, and we discuss ways in which it can be extended to address additional 
PM phenomena, as well as a broader class of task switching effects. 

Disclosures:  M. Tomov: None. I. Momennejad: None. K. Norman: None. J.D. Cohen: None. 

Poster 

637. Human Cognition and Memory III 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 637.18/III9 

Topic: H.02. Human Cognition and Behavior 

Title: The influence of context elements on pattern separation 

Authors: *A. HEDGES, B. KIRWAN;  
Psychology, Brigham Young Univ., Provo, UT 

Abstract: The memory of an item and its contextual information when it was encountered is 
defined as contextual memory. Researchers have proposed that the relationship of objects and 
their contexts is at the core of long-term declarative memory, converging on hippocampal 
processing. To further explore the effect of surrounding visual context on memory, this 
experiment evaluated behavioral performance in contextual memory task that especially taxes 
pattern separation processes. Most current studies of pattern separation use stimuli of isolated 
objects on a white background. The current experiment used objects placed in front of a 
background that was either congruent with the object (e.g., a shopping cart set against a grocery 



store) or incongruent with the object (e.g., a gorilla set against a classroom). Adding a contextual 
component to memory specificity tasks is believed to increase the level of difficulty of the task 
by interfering with the ability to successfully perform pattern separation processes. In addition, 
some researchers propose that when the object matches its context, there will be more efficient 
discrimination between stimuli and thus more accurate responses. However, some hypothesize 
that repeat and similar objects presented with the same background will be more accurately 
remembered than objects presented with different backgrounds due to the increase of 
interference. 
In this experiment, 71 participants (40 females) performed a two-part memory task. In the first 
part (study phase), participants were shown 260 images of everyday objects with backgrounds 
that were congruent or incongruent. The images were presented for 2500 ms with an inter-trial 
interval of 500 ms. In the second part (test phase), participants were shown 320 images that 
contained items either exactly the same as or similar to the previously studied items (repeats and 
lures, respectively). These images were also presented for 2500 ms with a 500 ms inter-trial 
interval. During the test phase, participants were instructed to ignore the backgrounds and 
indicate whether the item in the middle of the image had been previously studied or similar to an 
object previously studied. 
After performing an ANOVA, we found that correct “similar” responses to lure images 
(indicative of correct pattern separation) was facilitated by a similar, incongruent background. 
On the other hand, recognition was facilitated by a repeated, congruent background. Also, a 
difference between males and females was found, with males performing better with recognition 
but not pattern separation. 

Disclosures:  A. Hedges: None. B. Kirwan: None. 

Poster 

637. Human Cognition and Memory III 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 637.19/III10 

Topic: H.02. Human Cognition and Behavior 

Support: Emory University Seed Grant 

Title: Dynamic neural correlates of overt and covert autobiographical memory retrieval 

Authors: *C. S. FERRIS1, C. INMAN1, G. JAMES2, S. HAMANN1;  
1Psychology, Emory Univ., Atlanta, GA; 2Univ. of Arkansas for Med. Sci., Little Rock, AR 



Abstract: Autobiographical memory (AM) retrieval is a complex process that recruits 
dynamically changing networks of brain regions as processing shifts between memory search, 
access, and content elaboration. In prior fMRI work we have used analyses to characterize 
whole-brain changes in dynamic connectivity during AM retrieval, highlighting time-varying 
engagement of the hippocampus, PFC, and other regions. Here we extended these investigations, 
using high temporal (1 second TR) and spatial (2 mm isotropic) resolution fMRI, an optimized 
experimental design, and both covert and overt (spoken) retrieval to test theoretical accounts of 
AM retrieval. Motion was minimal (<1 mm) for overt trials. After a low-level, arrow detection 
baseline, participants retrieved unrehearsed AMs to cue words across a long retrieval period, 
followed by ratings of vividness and emotion, with overt (spoken) retrieval during half of the 
trials. Importantly, overall movement during overt retrieval was not significantly different than 
movement covert retrieval. Relative to previous studies of AM retrieval, we found a similar 
network of activated brain regions during both the overt and covert AM retrieval, including the 
hippocampus, medial, and lateral PFC. A broadly similar core AM retrieval network was 
identified for covert and overt AM retrieval, with relatively greater hippocampal activation 
during memory access. Key brain activation differences between covert and overt AM retrieval 
included activation of speech comprehension and facial motor regions during overt AM retrieval. 
Across both overt and covert trials, dynamic changes in activation relative to the pre-cue baseline 
included hippocampal, anterior temporal, and posterior cingulate activation early in AM 
retrieval. During later periods of AM retrieval posterior involved in reconstruction of sensory 
details and fronto-parietal regions involved in working memory were activated greater than the 
pre-stimulus baseline. These findings provide evidence that accessing and reconstructing 
autobiographical memories involves the activation of memory networks that reflect changing 
retrieval processes both during covert and overt retrieval. 
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Abstract: Previous studies in nonhuman primates and rodents showed that higher-order thalamic 
areas play a role in modulating cortical activity during selective attention and working memory, 
whereas disruption of these thalamic areas can significantly influence cortical activity and 
produce severe cognitive deficits. Here we examined the role of the thalamus in selective visual 
information processing in humans. To determine whether the thalamus would exhibit enhanced 
coupling with the fusiform face area (FFA) and the parahippocampal place area (PPA) when face 
or scene stimuli respectively are behaviorally relevant, we analyzed the thalamo-cortical 
functional connectivity during selective maintenance using fMRI data collected from 21 healthy 
young adults (12 female, 9 male). Selective maintenance of either a scene (Remember Scene) or 
a face (Remember Face) in working memory was manipulated by a retro cue indicating which 
remembered item remains task relevant. The region of interest (ROI) was a part of the thalamus 
that showed strongest structural connectivity with the prefrontal cortex based on the literature. 
Psychophysiological interaction analysis (implemented using gPPI toolbox) was applied to 
estimate functional connectivity of the thalamic ROI. Thalamus-PPA coupling was enhanced 
during the delay period of the Remember Scene condition while thalamus-FFA coupling was 
enhanced during the delay period of the Remember Face condition. Further, greater functional 
connectivity between the thalamic ROI and FFA/PPA during the delay period when the preferred 
stimulus is task irrelevant was associated with poor discrimination of the region's activity 
patterns for the preferred probe stimulus. These findings can not be attributed to mean activity 
differences as the thalamus was about equally active on both conditions; and thalamic activity 
amplitude was not correlated with classification accuracy of PPA or FFA activity patterns for the 
face or scene probes. These findings suggest that, beyond the previously implicated prefrontal 
role in working memory, thalamo-cortical connectivity may also play a significant role in 
selective maintenance of visual information in working memory. The thalamus may be involved 
in prioritizing visual representations in a visual association region when that region’s preferred 
stimulus is task relevant. 
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Abstract: It is uncontroversial that how we learn depends on what we already know; our 
knowledge stores are constantly being updated to incorporate our new experiences. In the young 
adult brain, related knowledge is brought to mind during new encoding and then updated through 
operations supported by the hippocampus and medial prefrontal cortex. Yet, how dynamic 
interactions between existing knowledge and new experiences shift over development remains 
virtually unstudied. Both the hippocampus and medial prefrontal cortex undergo continued 
structural change well beyond childhood, with prefrontal maturation in particular continuing into 
early adulthood. Previous research thus begs the question: if our underlying neural systems are 
maturing through middle childhood and beyond, are children and adolescents able to capitalize 
on their existing knowledge during new learning in the same way as adults? Here, human 
participants ages 7-30 years encoded AB and XY object-object associations across three study 
repetitions during high-resolution fMRI scanning. Critically, participants also learned related BC 
pairs, which included an object (B) that had been previously studied as part of an AB pair, as 
well as a C item from one of two visual categories (face or scene). We hypothesized that adults 
would preferentially reactivate related knowledge and engage updating regions during 
overlapping pair encoding (in the brain, condition AB ≠ XY), while children would fail to 
reactivate related content and use similar processes to encode all pairs, irrespective of overlap 
status (condition AB = XY). We found differences in hippocampal and medial prefrontal 
engagement across age groups specifically during overlapping (AB) encoding, suggesting 
developmental shifts in how we learn information that is related to prior knowledge. Using a 
pattern classification approach, we also found evidence for processing of the related but not but 
presently viewed visual category (C item, face or scene) during AB encoding in adults but not 
children, further suggesting that adults more readily bring their related (BC) knowledge to bear 
during new encoding. These results suggest fundamental shifts in the way we learn across 
developmental time, particularly when there is an opportunity to build upon prior knowledge. 
Our findings are consistent with the notion that neural maturation brings with it the ability to 
form increasingly flexible memories, a finding that has broad implications for how we 
understand and promote cognitive development in both theory and practice. 
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Abstract: To understand how memory information is encoded in the hippocampus, we build 
classification models to decode memory features from hippocampal spiking activities recorded 
from human subjects performing a memory-dependent delayed match-to-sample (DMS) task. 
Adult patients suffering from pharmacologically refractory epilepsy are surgically implanted 
with FDA-approved hippocampal electrodes capable of field potential (macro-) and single-unit 
(micro-) recordings for localization of seizures. Single unit neural activities (i.e., spike trains) are 
isolated and recorded from the hippocampal CA3 and CA1 regions using a Blackrock Cervello 
electrophysiological recording system. Cognitive and behavioral experiments consist of visual 
object and spatial position oriented DMS tasks, where the patients are required to remember the 
sample images or the locations of sample images and retrieve these memories after a variable 
delay to generate correct responses. Image categories are labelled by normal human subjects to 
provide output signals for the classification model. CA3 and CA1 spike trains around sample 
responses (-2s to 2s) are taken as input signals to be classified or decoded. The classification 
model consists of a set of B-spline basis functions for extracting memory features from the spike 
patterns, and a sparse logistic regression classifier for generating binary categorical output of 
memory features. Classification performance are evaluated with Matthews correlation 
coefficients. Results from multiple human patients show that classification models can extract 
significant amount of memory information with respects to types of memory tasks and categories 
of sample images used in the task, despite the high level of variability in prediction accuracy due 
to the small sample size (40 - 80 trials). These results strongly support the hypothesis that 
memories are encoded in hippocampal spiking activities and have important implication to the 
development of hippocampal memory prostheses. 
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Abstract: How does experience guide perception? Perceptual decisions are typically modeled 
using accumulation process that integrate sequential samples of noisy sensory input. These 
models have been extended to incorporate past experience via static summaries: either as an 
initial bias towards the most-experienced option, or as an additional weight placed on sensory 
evidence congruent with expectation. Here, we test the hypothesis that previous experiences can 
also be dynamic elements of the inference process, sequentially sampled in the same manner as 
perceptual input. 
Fifty-six participants performed a perceptual decision task in which the likely identity of a noisy 
image was indicated by a pre-stimulus cue. Four fractal cues each predicted one of 4 images (2 
faces, 2 scenes) with variable reliability. Critically, cue-stimulus contingencies were not 
instructed, but learned via experience. After experiencing the contingencies, participants 
performed 80 test trials, on which they viewed a cue followed by a flickering stream of images 
from one perceptual category; one image, the target, was more prevalent than the other. The 
reliability of perceptual evidence was manipulated by varying the mixture proportions of the 
target image and the paired same-category image. Participants pressed a response key 
corresponding to the predominant image in the flickering stream. 
Response times were bimodal, with peaks before and after the onset of the flickering stream. 
This bimodality is suggestive of two noisy accumulation processes: one relying on samples from 
learned expectations and beginning at cue onset, and the other relying on observed perceptual 
input and beginning at the onset of the flickering stream. Regression analyses and a formal 
model comparison, using a multi-stage drift-diffusion model, confirmed that behavior was 



indeed best described by two accumulation processes with different drift rates, with the second 
process initializing at the ending state of the first. 
Multivariate pattern analyses in an fMRI experiment (n=32) were used to measure neural 
evidence for the category of the upcoming images in the flickering stream, after cue onset but 
before the images appeared. Fluctuations in neural category evidence during this anticipatory 
period were a significant predictor of RTs, even after accounting for the other modeled factors. 
Together, these results show that learned expectations are a dynamic source of evidence during 
perceptual inference, and suggest that neural reactivation of anticipated percepts is the 
mechanism by which this occurs. 
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Abstract: Memories are not formed in isolation, but rather are learned in the context of a vast 
store of existing knowledge. In particular, medial prefrontal cortex (PFC), through its 
interactions with hippocampus, has been implicated in a memory integration process whereby 
existing memories are updated with new information. Recent data indicate medial PFC 
engagement during encoding of content that overlaps with existing knowledge promotes 
inference decisions that require participants to reason about the relationships among indirectly 
experienced events. Here, we test the idea that medial PFC would be engaged selectively for 
inference judgments that rely on the retrieval of integrated representations versus those that rely 
on retrieval and recombination of individual memory traces. Specifically, we used multivariate 
pattern classification to quantify reactivation of existing memories during encoding of 
overlapping associations, which has previously been shown to be an index of memory 
integration. We hypothesized that evidence for encoding-related integration would be associated 
with enhanced engagement of medial PFC during inference itself. To test this hypothesis, 



participants first learned face-object and scene-object (denoted AB) pairs. During fMRI 
scanning, participants then studied overlapping associations (BC) for which one object (the B 
item) was shared with a previously studied paired. This encoding phase was followed by a 
scanned inference task, during which participants made judgments about the indirect 
relationships between A and C items. Using multivariate pattern analysis, we isolated regions 
that support inference through integration by relating brain activation during correct inference 
trials separated by the degree of memory reactivation (A faces and scenes) during overlapping 
event (BC) encoding. We found that the degree to which participants reactivated related 
memories (A items) during encoding of overlapping (BC) associations predicted individual 
differences in reaction time for correct inference: Faster reaction times were associated with 
greater evidence for encoding-based integration. Furthermore, we found that medial PFC was 
selectively recruited during correct inference trials for which there was greater memory 
reactivation during encoding of the corresponding overlapping association. This finding is 
consistent with the prediction that medial PFC biases retrieval to access integrated memory 
networks and suggests that medial PFC serves an important role in organizing memories for 
related events. 
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Abstract: The complementary learning systems (CLS) theory (McClelland, McNaughton, & 
O’Reilly, 1995, Psychol Rev) highlighted the computational tradeoff between tracking the details 
of individual experiences (episodic memory) and the regularities shared across these experiences 
(statistical learning), and posited that these two processes must be supported by different brain 
systems. In particular, the hippocampus uses a high learning rate and pattern separated 
representations to encode individual experiences, whereas the cortex benefits from a slow 
learning rate and overlapping representations in extracting regularities. However, this division of 
labor conflicts with recent empirical findings that the hippocampus is involved in statistical 
learning (Schapiro et al., 2012, Curr Biol; 2014, JOCN; 2016, Hippocampus). To reconcile the 
theory with these data, we ran simulations of statistical learning tasks using a hippocampal 
neural network model that instantiates the episodic learning component of the CLS theory (Ketz 
et al., 2013, PLOS Comp Biol). The model contains hippocampal subfields dentate gyrus (DG), 
CA3, and CA1, which learn to map between input in superficial layers of entorhinal cortex (EC) 
to output in deep layers of EC. There are two main pathways: The trisynaptic pathway (TSP), EC 
-> DG -> CA3 -> CA1, and the monosynaptic pathway (MSP), EC <-> CA1. The DG and CA3 
subfields employ sparse connectivity and high inhibition, making the TSP the engine for pattern 
separation of episodic memories in the hippocampus. CA1 employs more overlapping 
representations and a relatively slower learning rate — it is more cortex-like — and has acted in 
extant models as a translator between sparse TSP representations and overlapping EC 
representations. When we exposed the model to input with temporal regularities, the MSP/CA1 
took on a new role: it represented the temporal regularities, allowing the model to do rapid 
statistical learning. We will present simulations that demonstrate: (i) the complementary roles of 
the TSP and MSP in episodic and statistical learning, respectively; (ii) temporally predictive 
behavior and representations; (iii) preserved statistical learning in simulations of infants, who 
have underdeveloped TSPs; and, (iv) higher-order learning in temporal community structure and 
associative inference paradigms. Our simulations suggest that there are complementary learning 
systems within the hippocampus itself, the TSP and the MSP, which allow it to support both 
rapid episodic and statistical learning. 
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Abstract: Most plans include orderly sequences of multiple tasks that vary in similarity. 
Successful realization of task sequences requires the brain to encode all tasks simultaneously, 
and retrieve and execute them in the correct order. However, it remains unclear how the 
similarity of the tasks in a planned sequence affects their computational encoding and behavioral 
performance, and how similarity effects change over time. Here we employed a behavioral study, 
functional magnetic resonance imaging (fMRI), and computational modeling in order to address 
these questions. On each trial participants were instructed to either perform (a) a single task or 
(b) a sequence of two tasks. The tasks could be parity, magnitude, or color judgment on that 
trial’s stimulus: a number in red or green font. Notably, the numerical tasks (parity and 
magnitude) were more similar to each other than to color judgment. Thus, two of six sequences 
had similar tasks (similar sequences) and four of six dissimilar (dissimilar sequences). We found 
a “similarity benefit”: reaction times to a given task in a similar sequence were faster compared 
to performing it alone. This similarity benefit was larger for the second task. We found a 
“dissimilarity cost” for the first task: the same task was slower as the first in a dissimilar 
sequence than as a single task, and the benefit of the second task was diminished in dissimilar 
sequences. Comparing the first run (48 trials) to the last, we found that (a) both similarity 
benefits and dissimilarity costs diminished over time and (b) overall there was a cost to going 
first and a benefit to going second. To study the encoding of task representations, we trained a 
searchlight multi-voxel pattern classifier on brain volumes collected during the preparation 
period of “single task” trials. Using this classifier, we were able to decode the identity of the 
upcoming tasks in “sequence trials”, from frontoparietal regions (rostrolateral PFC and posterior 
parietal cortex) of volumes collected during the preparation period. With representational 
similarity analysis (RSA), we investigate whether the observed behavioral changes over time 
correspond to changes in the similarity of task representations in the brain. Furthermore, we are 
developing a neural network model of task representations to investigate mechanistic 
explanations of (a) when performing a task in a sequence has benefits, or costs, over performing 
it alone, and (b) how changes in task representations over time lead to changes in the behavioral 
costs and benefits of sequences. These findings bear novel consequences for a mechanistic 
understanding and optimal planning of task sequences. 
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Abstract: Semantic memories are thought to emerge from the accumulation of commonalities 
across discrete episodic events. However, our understanding of the neural mechanisms 
underlying this transformation is limited. Specifically, it is unclear how memories with 
overlapping components are represented in terms of their shared and distinct features over time 
and how this supports behavior. We developed a two-day fMRI study to ask how memories 
become represented according to their shared or distinct components over time, and how these 
representations influence behavior. Each day, subjects incidentally learned a different set of 
objects presented in a continuous sequence. Unbeknownst to the subjects, the sequences were 
arranged such that some objects had an overlapping temporal context of two items. Specifically, 
these objects were always preceded by an identical sequence of two objects. Immediately after 
the second encoding session, participants completed a recognition memory test with objects from 
both encoding sessions. Trials were arranged to test for the integration of objects with 
overlapping temporal contexts. Recognition was faster when an object with an overlapping 
context primed the tested object. Importantly, this effect emerged only for objects learned 24 
hours prior to the test. This suggests memories with overlapping information become associated 
over time. Furthermore, when focusing on the remotely learned sequences, participants with a 
stronger priming effect exhibited a greater increase in similarity between the objects that were 
studied with overlapping temporal contexts. Critically, no such relationship existed for the 
recently learned sequences. Planned fMRI analyses will assess the relationship between time-
dependent changes in object representations and computations supporting the encoding of the 
sequences. 
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Abstract: Successful learning depends on encoding newly-learned information relative to 
existing knowledge. Neurobiological memory theories attribute such encoding to complementary 
functions of the hippocampus (HPC) and its interactions with prefrontal cortex (PFC). 
Specifically, HPC comparator processes that evaluate the overlap between new experiences and 
current knowledge trigger either pattern separation, wherein new memories are made 
representationally distinct from existing knowledge, or pattern integration processes mediated by 
PFC, wherein new information is incorporated into existing memories. Recent 
electrophysiological data suggest that the tendency of the HPC to trigger separation or 
integration may fluctuate on a moment-by-moment basis; yet, characterizing such moments of 
learning have proved challenging in humans given the lack of empirical methods to identify 
precisely when knowledge is created versus updated. Here, we overcome this challenge with a 
computational learning model that makes explicit predictions about when newly-encountered 
information is encoded through pattern separation or pattern integration. During fMRI scanning, 
participants learned to categorize complex objects composed of multiple features across four 
category learning tasks, with each task defined by different associations between category labels 
and combinations of object features. The learning model was fit to participants’ behavior during 
the four learning tasks to derive trial-by-trial predictions of when a new separate memory was 
formed versus when existing knowledge stores were updated. These model predictions were then 
leveraged in univariate and multivariate classification analyses to distinguish the neural circuits 



underlying moments of knowledge creation and integration. Whereas HPC was associated with 
model predictions for both knowledge creation and integration, separable frontoparietal regions 
were distinctly associated with the different encoding operations. We found a knowledge 
creation network associated with medial PFC and angular gyrus, and a knowledge integration 
circuit comprised of frontopolar, dorsolateral prefrontal, and superior parietal cortices. Our 
findings establish a neurocomputational framework grounded in cognitive theory for 
investigating how the interaction of new experiences and existing knowledge mediate successful 
learning. 
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Abstract: Adaptive decision-making can be supported by a model of how sequences of events 
lead to rewards. Thus, it is essential not only to remember an event that was rewarding, but also 
the series of events that led to it; however, often we do not know which events will later turn out 
to be important. To solve this problem, it is necessary for rewards to retroactively prioritize 
neutral memories based on later outcomes. Here we addressed the question of whether and how 
such retroactive modulation enhances memory for sequences of events leading to reward. Our 
predictions were based on two distinct physiological processes in the hippocampus. First, 
electrophysiological recordings in rats show that after running through a maze to a reward, 
hippocampal place cells replay recent experiences in reverse, which may provide a mechanism 
by which dopaminergic reward signals are propagated back to sequences of previous 
experiences. Second, dopamine increases cellular plasticity in the hippocampus. Together, these 
two processes provide a putative mechanism by which rewards could retroactively enhance 
memory. We predicted that reward would have a graded effect on memory for sequences of 
neutral events that preceded it, with the greatest enhancement for events that were most proximal 
to the reward. To test this, we developed a task in which participants navigated through a series 
of grid mazes, one space at a time, searching for a hidden gold coin worth $1. In each space, an 
incidental, trial-unique object was presented before participants moved to the next space. We 



manipulated the maze outcomes so that half of the mazes ended in reward. Each maze was 
followed by a short rest break (15-25s). We administered a surprise recognition memory test 
either 24-hours or 15-minutes after encoding, allowing us to measure the effect of consolidation 
on reward-enhanced memory. We found that participants’ memory for the objects was 
retroactively modulated by reward, such that memory was selectively enhanced for objects 
closest to the reward. This interaction between reward and proximity on memory was selective to 
the 24-hour condition and not found in the 15-minute condition. Moreover, we found that the 
reward-proximity interaction became pronounced as the length of the post-maze rest block 
increased. These findings demonstrate that reward retroactively enhances episodic memory for 
preceding neutral events, modulating memory as a function of it sequential proximity to reward. 
This effect is selective to reward, requires consolidation, and varies as a function of the rest time 
after encoding, consistent with neurobiological models of how the brain integrates memories 
across time and space. 
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Abstract: Humans are frequently exposed to information about the many objects, animals and 
people we that encounter in our environments. In addition to a suite of perceptual processes that 
can extract information from observed items, humans have the unique ability to discover the 
properties of objects through abstract communication. We have investigated how the 
introduction of visually relevant information -the real-world size of recently introduced animals- 
impacts the patterns of neural activity observed in a person’s visual cortex. We scanned human 



participants with functional Magnetic Resonance Imaging (fMRI) while we introduced them to 
novel and known animals and tools. At the start of the experiment, participants were exposed to 
images of these items through a simple 1-back task. Participants were next presented with, and 
tested on, new factual information about each new concept. Finally, a post-learning 1-back task 
was administered. We used multivariate pattern analysis (MVPA) to decode the neural patterns 
underlying the processing of the new and known animals and tools, in order to compare activity 
patterns before and after learning. We find that after introducing people to new information 
about items’ real-world size, visual activity patterns for the newly introduced animals more 
closely resemble the activity patterns observed for similarly sized known animals. In contrast, 
learning semantic information about the intended motor manipulation of a new tool did not affect 
future visually generated activity patterns. Our findings suggest that learning information about a 
new visual concept might rapidly influence visual cortex neural activity. 
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Abstract: Recent research suggests that there is a correlation between diet and impulsivity; 
specifically, those who consume a diet high in fat and sugar tend to be more impulsive. 
However, human research is unable to disentangle the direction of this relationship. Recent 
research from our laboratory suggests that high-fat and high-sugar diets can cause greater 
impulsive choice behavior. Given that diet can induce impulsivity and potentially explain the 
relationship between impulsivity and obesity in humans, it is critical to determine how the effects 
of diet on impulsivity can be addressed. One key aspect to improving impulsive choice is 
understanding the mechanisms of impulsive choice: delay and reward sensitivity. The present 
study assessed diet effects on delay and reward sensitivity and the implications for impulsive 
choice behavior. Rats were divided into three groups (high-fat, high-sugar, and control) where 
diet composition differed, and each group was given access to the same number of calories to 
each day. The high-fat group received chow with a lard supplement, the high-sugar group 
received chow with powdered sugar icing, and the control group received all chow. After 8-



weeks of exposure to the diet, all rats were then tested on two impulsive choice tasks in which 
individuals were presented with a choice between a smaller reward available sooner (SS) or a 
larger reward available later (LL). One impulsive choice task manipulated the delay to the SS 
choice and the other task manipulated the magnitude of the LL reward. After the impulsive 
choice tasks, rats completed a bisection task to determine timing deficits and a reward sensitivity 
task to determine their ability to discriminate between different reward amounts. The results 
from this experiment replicated the previous study from our lab showing that a diet high in fat or 
sugar induces impulsive choice, which may explain the relationship between impulsivity and 
obesity. In addition, it outlines the deficits of impulsive choice that could be targeted with a 
behavioral intervention to improve impulsive behavior that results from poor diet consumption. 
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Abstract: Impulsive choice behavior refers to the preference for a smaller-sooner (SS) reward 
over a larger-later (LL) reward when choosing the LL reward is optimal in terms of reward rate. 
Greater impulsive choice has been observed in individuals with ADHD, schizophrenia, and 
depression, as well as in substance abuse disorder, obesity, and pathological gambling. 
Accordingly, there have been recent efforts to develop neurocognitive interventions that may be 
implemented to alleviate maladaptive impulsive choice. Given the delays involved in waiting for 
reward in impulsive choice tasks, many interventions have targeted individuals’ abilities to 
anticipate and time the delivery of upcoming reward, with the goal of reducing aversion to long 
reward delays. These efforts have been successful, suggesting that the interventions do improve 
self-control immediately after exposure to these interventions. However, the durability and 
generalizability of these neurocognitive interventions have yet to be thoroughly tested. The goal 
of these experiments was to investigate whether time-based neurocognitive interventions produce 



long lasting (Experiment 1) and generalizable effects across different decision-making 
parameters (Experiment 2). In Experiments 1-2, three groups of rats were exposed to one of two 
intervention tasks (fixed or variable delays to reward) or a control task (i.e., no delay to reward); 
the fixed and variable delays were in the range of delays that were experienced in the impulsive 
choice task. In the subsequent impulsive choice task, SS choices resulted in 1 food pellet after 5, 
10, and 20 s in successive phases, while LL choices always resulted in 2 food pellets after 30 s. 
Here, the time-based intervention groups made fewer impulsive choices than the control group. 
In Experiment 1, the rats were then exposed to this same paradigm approximately 6 months later; 
the rats remained in their home cages during the waiting period. In Experiment 2, the rats were 
then exposed to different choice paradigms, in which reward magnitude or reward delay was 
manipulated. Exposure to both time-based interventions reduced impulsive choice behavior 
across the subsequent testing of impulsive choice. Overall, these results lend further support to 
the use of non-invasive neurocognitive interventions to reduce impulsive choice in rats, thus 
unveiling a critical preclinical avenue that may be navigated for future implementation in 
reducing impulsivity in individuals in various subpopulations prone to making impulsive 
decisions. 
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Abstract: Episodic memory is one of the first memory types to be compromised in both aging 
and dementia. One unique feature that distinguishes episodic memory from other memory types 
is its composition of three substituents - object recognition and discrimination (what), spatial 
navigation (where), and timing (when), which must be appropriately integrated for episodic 
encoding and recall. Research on episodic-like memory, the animal counterpart thereof, 
highlights the three underlying components of the memory type by challenging animals to 



successfully assimilate previously learned what, where, and when information to solve a task. 
This provides an avenue for studying the memory type as a whole, as well as individual 
differences that exist within the what, where, and when components, which could affect an 
individual’s ability to utilize episodic-like memory. However, current episodic-like tasks do not 
directly assess the what, where, and when components, nor do they evaluate whether individual 
differences within the substituents affect an individual’s ability to successfully perform the 
integrated episodic-like task. But, better assessment of the substituents may provide novel insight 
into the nature of episodic memory decline, and therefore merits further research. As such, this 
project aimed to develop a novel task for studying both episodic-like memory and its substituents 
in rodents. By creating and piloting an open-field task that utilizes scent (what), location (where), 
and time of day (when), this task successfully elicited the use of episodic-like memory in rats, 
and elucidated individual differences in the what, where, and when substituents of episodic 
memory. These findings indicate that rats exhibit individual differences in the underlying what, 
where, and when components of episodic memory, a more thorough understanding of which 
could provide further insight into the nature and eventual prevention of the episodic memory 
decline that is seen in both aging and dementia. 
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Abstract: The hippocampal theta oscillation (6-12 Hz) is thought to play a role in deliberative 
processes in decision making, interacting with gamma oscillations [low gamma (LG): 30-55 Hz, 
high gamma (HG): 60-90 Hz]. However, how the interaction of theta and gamma oscillations 



modulates the decision process is poorly understood. Previous studies have reported that the 
noradrenergic drug clonidine makes animals more decisive, reflected as a decrease in 
deliberation-related head re-orienting behavior of rats (vicarious trial-and-error [VTE]), and a 
decrease in the alternation of hippocampal representations of possible options at a choice point. 
In order to test how theta and gamma oscillations underlie deliberative processes, we examined 
the influence of clonidine on hippocampal theta and gamma oscillatory activity from rats running 
a decision-making task. 
Rats ran a modified Hebb-Williams maze, consisting of a changeable central path, a final 
decision point, and rewarded return rails leading to the start of the loop. On each lap, only one 
side or the other was rewarded. Three reward-contingencies were used: turn left, turn right, or 
alternate for reward. During the analyzed probe trials, the rewarded rule changed approximately 
halfway through the session. On a subset of trials, clonidine (30 µg/kg) or saline vehicle was 
delivered IP 30 min before the run. Hippocampal local field potentials (LFP) and cell spiking 
activity were recorded from the hippocampal CA1 and fissure regions. Theta phase was 
calculated based on actual waveform of theta. The peaks and troughs of theta waves were 
detected and assigned as phase 0, 180, respectively. Furthermore, we analyzed the asymmetry of 
each theta wave as the ratio of the length of the descending part (peak to trough) and the 
ascending part (trough to peak). 
The theta wave was asymmetric, with the descending part longer than the ascending part. 
Consistent with previous studies, gamma oscillations appeared at particular phases of theta: LG 
power increased in the ascending phase and HG power increased in the descending phase. More 
symmetric theta waves included more LG power. Activity of place cells indicated that the 
ascending part of theta included more prospective information than the descending part. At the 
final decision point, control sessions showed an increase of power in LG and HG on VTE laps 
compared to non-VTE laps. In addition, the theta wave was more symmetric on VTE laps than 
on non-VTE laps around the choice point. These changes were suppressed by clonidine. Our 
findings suggest that hippocampal theta-gamma coupling reflects deliberative processes which 
can be modulated by noradrenaline manipulations. 
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Abstract: New theories see addiction as a result of failures of decision-making processes. To 
test how cocaine exposure influenced economic decision-making, we adapted a novel foraging 
task for mice (Restaurant Row). The task consisted of 4 reward zones (restaurants) around a 
square, which were primed serially, forcing mice to run around the square, foraging for food. We 
modified the task to include a separate decision zone for each restaurant. Upon entry into a 
decision zone for a given restaurant, an offered delay was signaled by a repeating tone (pitch 
indicated delay). The mouse could then either enter the restaurant, at which time the delay started 
counting down (indicated by descending pitch of the delivered tones) or leave the decision zone 
(skipping the offer). Mice also had the opportunity to quit waiting mid-countdown. Each 
restaurant provided a uniquely flavored food reward. Delays were random at each encounter (1-
30s) and mice had 1h to get their food for the day. This means they had a budget of time to spend 
by making stay or skip decisions to each encountered offer. 
After 30d of task training, 8 C57BL/6J male mice received 5d of cocaine or saline (15mg/kg IP) 
while being tested on RRow daily. RRow testing took place during the day with injections in the 
evening. 
Thresholds of willingness to wait were determined by fitting sigmoid curves to (1) skip/enter 
decisions and (2) quit/earn decisions as a function of offer length. Mice demonstrated stable 
skip/enter and quit/earn thresholds for different flavors revealing individual preferences similar 
to both rats and humans on these foraging tasks. Cocaine increased quit/earn thresholds but not 
skip/enter thresholds. Mice spent varied time in the decision zone, but took longer to skip offers 
than to accept them. When mice accepted offers that they later quit, they spent more time in the 
decision zone before accepting those offers than they did when accepting offers and waiting 
through the entire countdown. In other words, decisions to stay that resulted in earned pellets 
were made the quickest. Cocaine exposure increased time to accept offers but did not affect time 
to skip. Cocaine mice spent the most time deciding to accept offers that they later ended up 
quitting - behavior that is economically unfavorable. Mice displayed vicarious trial and error 
(VTE) behaviors in the decision zones, and showed more VTE when deciding to skip, suggesting 



mice were deliberating more on these occasions. Cocaine mice displayed less VTE on these skip 
trials as well as on enter-then-quit trials, suggesting that cocaine exposure promotes decision-
making behavior that is suboptimal on an economic task, possibly by reducing an overall 
capacity to deliberate. 
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Abstract: Hippocampal (HC) place cell assemblies “replay” spatial trajectories previously 
traversed in a temporally condensed manner during sharp wave/ripple complexes (SWR, 150-
200 Hz) at food-reward sites on mazes and during post-run rest. Recent experiments have 
suggested an important coupling of HC and prelimbic (PL) cortex during decision-making. 
Recently, PL has been implicated in the retrieval and selection of hippocampal memory 
representations, biasing the retrieval of goal-related representations. However, a role for PL in 
HC replay consolidation remains largely unexplored. 
We examined how PL affects HC SWR activity by reversibly disrupting PL in rats with virally-
delivered h4MDi DREADDs, while recording neural ensembles from HC, PL, and ventral 
striatum (vStr) simultaneously from rats trained on the spatial neuroeconomic task Restaurant 
Row. This task reveals individual preferences of reward flavor and the cost the rat was willing to 



exert to receive it. Rats ran around a circular maze divided into four zones with four evenly 
spaced spokes. One of four different food rewards (fruit, banana, chocolate, unflavored) was 
delivered at the end of each spoke. On entry into each zone, a tone indicated the delay the rat 
would have to wait for food and the rat was able to choose to stay (waiting out the delay) or skip 
the offer and move on to the next option. 
Rats were run for 20 days each on this task, with alternating dosages of CNO (5 mg/kg, subQ) 
and vehicle control. Behavioral results from these manipulations has been previously reported, 
but in short, PL reduced the thresholds and disrupted vicarious trial and error behaviors. 
Neurophysiologically, systemic injections of CNO altered local and global neural dynamics in 
PL DREADD-transduced rats. CNO reduced cell yield in PL without affecting HC or vStr cell 
yields. CNO reduced the mutual information between spiking and task components in PL, but 
not in HC or vStr. CNO decreased theta (6-10 Hz), low gamma (25-55 Hz) and high gamma (65-
115 Hz) power in PL. Further, CNO altered network dynamics in HC including decreasing theta 
and low gamma power. Interestingly, disrupting PL dynamics resulted in altered neural dynamics 
during HC replay. CNO administration reduced the number of HC SWR events seen during post-
run rest and altered the distribution between forward and backward replays. Further, CNO in PL 
DREADD-transduced rats altered LFP dynamics between HC and PL as well as the HC and vStr, 
but not between PL and vStr, by significantly altering power correlations between low gamma 
and SWR frequencies. 
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Abstract: Experiential foraging requires that animals economically allocate scare resources such 
as time. Animal models suggest that these allocations occur through interacting decision-making 
processes. To further develop the translation between rodent and human foraging models, we 
employed an experiential stay/go foraging task (the “Web-Surf Task,” akin to the “Restaurant 
Row” rodent task). Human subjects (current N=9) had 40 minutes to forage for 4s videos from 
one of four categories (kittens, dance, landscape, bike-accidents), encountered sequentially. 
Videos were used because they are consumable on a trial-by-trial basis. Subjects were informed 
of the delay before video presentation. They then chose to stay and wait for the video, or skip to 
the next category. Viewed videos were rated on a 1-4 scale. To travel between categories, 
subjects clicked the numbers 1-4 as they randomly appeared on the screen. 
Neurophysiological findings from rodents on the Restaurant Row task suggest that the 
orbitofrontal cortex (OFC) and ventral striatum are likely involved in expectations of reward, and 
the hippocampus (HC) may be implicated in episodic future thinking. To further develop the 
neurophysiological translation between species, human subjects completed the Web-Surf task 
during 3T functional imaging (45’; TR = 720ms; 2mm3). 
Behavior: Humans showed individual preferences for each video category, revealing their 
preferences through thresholds (below which they would stay, above which they would skip). 
Delay thresholds correlated with stated preferences (video ratings, post-test category rankings), 
finding that 78% of correlations were above 0.75 for both ratings and rankings. 
Neuroimaging analyses: Group-level models with choice (decision), delay (anticipation), and 
video viewing (consumption) events revealed anterior cingulate cortex (ACC) activation during 
decision, and ACC, anterior insula (AI)/OFC, HC, and amygdala activation during consumption 
(p < 0.05); all three events activated visual cortex. A composite map of decision > anticipation 
and consumption > anticipation found overlapping activation in the ACC, AI, HC, and visual 
cortex. Lastly, a contrast of stay > go (during decision) revealed activation in visual cortex. 
These data suggest that humans are imagining the reward when deciding, perhaps more so when 
electing to stay and wait. Consistent with human imaging findings, the salience network (i.e., 
ACC and AI) were engaged when evaluating primary rewards (e.g., videos). HC activation 
during decision-making is also in line with human and rodent research that links this area with 
imagination and episodic future thinking. 
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Abstract: Current theories suggest that mammalian decision-making depends on separable 
systems, including deliberation (simulation and evaluation of potential outcomes, a “model-
based” mechanism) and procedural (recognition of a situation and release of well-learned action-
chains, a “model-free” mechanism). Theories suggest that rat behaviors (vicarious trial and error 
(VTE) and path-stereotypy) reveal the use of these systems. VTE is a behavior occasionally 
displayed by rats as they come to a choice point in a maze and look back and forth between 
potential paths, and is thought to reflect an internal deliberative process. In contrast, path-
stereotypy describes how a rat’s behavior becomes more regular with experience. Stereotyped 
paths through a maze have been hypothesized to indicate procedural behavior. 
A new two-step decision task dissociates model-based and model-free choices in humans (Daw 
et al., 2011, Neuron). We adapted this task for rats to evaluate how these rodent behavioral 
signatures correlate to model-based and model-free choice. The task consists of a spatial loop, in 
which rats encounter two left-right choices. The second choice occurs in the presence of three 
computer monitors, which enable dynamic control of context. The first choice (C1: A/B) 
probabilistically determines the context of the second choice (C2: C/D or C3: E/F). On selecting 
the second choice, the rat encounters a delayed reward. The four delay times (C, D, E, and F) 
randomly walked slowly throughout the experiment, so the rat was constantly trying to find its 
way to the context and choice with the shortest delay. 
7 rats were trained until they were running reliably and then run on this task for 50d each. We fit 
several algorithms to each rat’s choices: (1) random, (2) model-based, (3) model-free, (4) a 
constant-weight mixed algorithm, and algorithms in which (5) VTE at C1 indicated model-based 
decision-making, (6) VTE at C2/C3 indicated model-based decision-making, and (7) path-



stereotypy of the lap indicated model-free decision making. Consistent with the human data, the 
constant-weight mixed algorithm fit the data better than either the model-based or model-free 
algorithms alone, all of which fit better than random. However, we found that algorithms where 
the model-based influence depended on the amount of VTE and the model-free influence on the 
degree of path stereotypy fit rat behavior better than the constant-weight algorithm. This suggests 
that multiple decision systems do not contribute statically to choice, but rather that the influence 
of each system changes over time, with the amount of influence of each system revealed by 
behavioral correlates such as VTE and path stereotypy. 

Disclosures:  B.M. Hasz: None. A.D. Redish: None. 

Poster 

638. Learning and Memory: Rodent Studies 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 638.09/III30 

Topic: H.01. Animal Cognition and Behavior 

Title: Effects of blast-induced mild traumatic brain injury on cognitive flexibility in rats 

Authors: *C. C. TENN1, N. CADDY2, M. GARRETT2, A. GIVENS3, B. POPESCU3;  
2Casualty Mgmt. Section, 1DRDC Suffield Res. Ctr., Medicine Hat, AB, Canada; 3Dept of Anat. 
and Cell Biol., Univ. of Saskatchewan, Saskatoon, SK, Canada 

Abstract: Introduction: Traumatic brain injury (TBI) can result in a range of impairments from 
mild to severe and is an increasing concern for individuals in sports and the military. For military 
personnel, encounters with blast explosives frequently result in TBIs in particular, the mild form 
of this brain injury. Mild TBI can result in disturbance of cognitive, behavioural, emotional and 
physical functions. Several brain regions are commonly affected with this type of injury 
including the pre-frontal cortex that is responsible for the regulation of executive functioning. 
There are limited studies examining complex cognitive deficits such as decrease executive 
functions in experimental models of TBI. This study used an attentional set-shifting task (AST) 
to evaluate the effect of blast-induced mild brain injury on executive function and behavioural 
flexibility performance in rats. Methods: Rats were housed under controlled environmental 
conditions of light (12h light/dark cycles) and temperature. A mild brain injury was induced in 
anaesthetized animals by exposure to a single shockwave intensity of 140 kPa for 7.1ms 
duration. Control animals underwent the same treatment except for the shockwave exposure. 
Animals were placed on a food restricted diet for 7 days prior to blast exposure. Following the 
exposure, both groups of animals were trained and tested on the AST which involved a series of 
discriminative tasks of increasing difficulties. Four days post-exposure, brain tissues from these 



animals were harvested for histopathological analyses. Results: There was no significant 
difference in body weights between the two groups before or after the blast exposure. All 
animals successfully completed the training phase reaching criterion for the simple 
discrimination trials. Blast animals required significantly more trials to reverse a learned rule. 
These animals also took significantly more trials to criterion to learn a new rule in another 
attentional dimension (extradimensional shift) as compared to controls. Brain sections stained 
with hematoxylin and eosin and luxol fast blue did not show any significant histopathological 
differences between the two groups at this early time point. Conclusion: These findings 
demonstrate early deficits in executive function and behavioural flexibility following a mild 
brain injury. Future studies will examine the timeline for cognitive recovery as well as the use of 
other histological methods (i.e. immunohistochemical staining procedures) for subtle changes in 
this type of mild brain injury. 
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Abstract: Fluoxetine, a clinically successful selective serotonin reuptake inhibitor, is a racemic 
mixture of (R) and (S) stereoisomers. In preclinical studies, chronic fluoxetine treatment (10 
mg/kg) has been shown to have antidepressant effects in behavioral paradigms that has been 
correlated with increased adult hippocampal neurogenesis. However, the clinical evidence on 
whether or not fluoxetine treatment directly brings about cognitive enhancements is still under 
investigation and the contribution of the enantiomers of fluoxetine in these paradigms remains 



largely unknown. In this study, we investigated the effects of (R) and (S)- fluoxetine treatment 
on antidepressant and cognitive behavioural paradigms, and cell proliferation in the hippocampus 
of C57BL/6J female mice. (R)- fluoxetine had superior effects over (S)- fluoxetine in elevated 
plus maze (p <0.001), forced swim test (p <0.05) and tail suspension (p <0.05) tests. Likewise, in 
a behavioural sequencing task in the IntelliCage, in which discriminated spatial patterns of 
rewarded and never rewarded corners were serially reversed, (R)- fluoxetine treated mice 
showed rapid acquisition of the behavioural sequencing (compared to the S-fluoxetine) and 
cognitive flexibility in the subsequent reversal stages both in the intra- and inter-session analyses 
(p <0.0001). (R)-fluoxetine administration also increased neurogenesis in the hippocampus, in 
particular in the suprapyramidal blade of the dentate gyrus, which has been reported to play a 
crucial role in supporting spatial learning. The results suggest that (R)-fluoxetine that is reported 
to have a shorter half-life than (S)-fluoxetine nevertheless has superior antidepressant effects and 
more consistently improves spatial learning and memory. Such a profile not only offers an 
advantage in treating depression but may also confer an additional beneficial effect in managing 
neurocognitive impairments associated with depression. 
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Abstract: Background: Neurotoxic viral protein TAT may contribute to deficits in 
dopaminergic and cognitive function in individuals infected with human immunodeficiency 
virus. Transgenic mice with brain-specific doxycycline-induced TAT expression (TAT+, TAT- 
control) show impaired cognition. However, previously reported TAT-induced deficits in 
reversal learning may be compromised by initial learning deficits. We investigated the effects of 



TAT expression on memory retention/recall and reversal learning, and neurotransmitter function. 
We also investigated if TAT-induced effects can be reversed by improving dopamine function 
with selegiline, a monoamine oxidase inhibitor. Methods: Mice were tested in the Barnes maze. 
TAT expression was induced after the task acquisition. Dopamine, serotonin and glutamate 
tissue levels in the prefrontal/orbitofrontal cortex, hippocampus and caudate putamen were 
measured using high performance liquid chromatography. Selegiline treatment continued 
throughout behavioral testing. Results: Neither TAT expression nor selegiline altered memory 
retention. On day 2 of reversal learning testing, TAT+ mice made fewer errors and used more 
efficient search strategies than TAT- mice. TAT expression decreased dopamine turnover in the 
caudate putamen, increased serotonin turnover in the hippocampus and tended to increase the 
conversion of glutamate to glutamine in all regions. Selegiline decreased dopamine and serotonin 
metabolism in all regions and increased glutamate levels in the caudate putamen. Conclusions: 
In the absence of impaired learning, TAT expression does not impair spatial memory 
retention/recall, and actually facilitates reversal learning. Selegiline-induced increases in 
dopamine metabolism did not affect cognitive function. These findings suggest that TAT-
induced alterations in glutamate signaling, but not alterations in monoamines metabolism, may 
underlie improvements in reversal learning. 
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Abstract: Extrapolation of serial stimulus patterns, a type of anticipatory behavior, relies on 
memories of past regularities. It seems to depend upon the identification and application of rules 
relating sequences of stimuli, allowing anticipation of events never experienced before. 
According to Gray (1982) the septo-hippocampal system compares (1) anticipated information, 
predicted from memories of past regularities, motor programs in progress and prior experiences 



on the relationship between execution of motor programs and environmental consequences, and 
(2) present information. The comparator would be the subiculum. This brain structure would 
receive present information from neocortical afferents, via the entorhinal cortex, and expected 
information from a "generator of predictions system" including the subiculum, mammillary 
bodies, antero-ventral thalamus, cingulate cortex and, again, the subiculum. The antero-ventral 
thalamus is in a privileged position to allow investigation of this postulated generator of 
predictions system. This study investigated the effect of selective damage to the antero-ventral 
thalamus, by topical application of N-Methyl-D-Aspartic acid (NMDA), on the ability of rats to 
extrapolate relying on serial stimulus patterns; Control subjects were injected with phosphate 
buffer. Wistar rats were trained to run through a straight alleyway to get rewarded. In each 
session (one per day) the rat run four successive trials, one immediately after the other, receiving 
different amounts of sunflower seeds in each trial. While rats exposed to the monotonic schedule 
received 14, 7, 3, 1 sunflower seeds along trials, subjects exposed to the non-monotonic schedule 
received 14, 3, 7, 1. Rats were trained along 31 sessions. On the 32nd testing session, a fifth trial 
never experienced before by all rats was included immediately after the fourth trial. Running 
times were recorded along trials. ANOVA including data of the testing session revealed a 
significant Trial x Surgery x Rewarding Schedule interaction effect (F(4,96) = 6.83; P < .0001). 
As expected, running times on the fifth trial of Control subjects exposed to the monotonic 
schedule were significantly longer as compared to the corresponding scores of Control subjects 
exposed to the non-monotonic schedule, indicating the occurrence of extrapolation. In contrast, 
lesioned rats exposed to the monotonic schedule did not exhibit this increase in running times on 
the fifth trial, indicating that these subjects did not extrapolate. In conclusion, results indicate 
that extrapolation relying on serial stimulus patterns is disrupted following selective damage to 
the antero-ventral thalamus. 
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Abstract: Rodent models have shown that high sucrose diets can reduce adult hippocampal 
neurogenesis. Functionally, neurogenesis is required for minimizing interference between 
memories that share features, a process that involves “pattern separation”. We provided rats in 
the sucrose group with two hours daily access to a 10% sucrose (w/v) solution for 28 days and 
then assessed their performance on the “Trial-Unique Non-matching to Location” task (TUNL), 
conducted in a touchscreen chamber as a measure of behavioral pattern separation. In this task, 
rats first respond to a sample location and are then rewarded if they respond to a novel rather 
than the sample location in the choice phase. We varied the spatial separation between the novel 
and the sample location in order to manipulate the demands on pattern separation. Rats that had 
consumed sucrose performed the non-match discrimination correctly when there was a large 
spatial separation between sample and the new locations, but performed at chance levels when 
the separation was smaller. Doublecortin immunoreactivity in the dentate gyrus of sucrose-
consuming rats was significantly reduced relative to controls. Thus, daily sucrose consumption 
impaired behavioral pattern separation performance and reduced measures of hippocampal 
neuroproliferation, confirming that diet can impair pattern separation and suggesting that this 
impairment is due to a reduction in hippocampal neurogenesis. 
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Abstract: Accumulation of misfolded proteins can cause a pathological load on cells in the 
nervous system, resulting in endoplasmic reticulum (ER) stress that leads to the unfolded protein 
response (UPR) that typically is neuroprotective. A critical component of the UPR is PERK, 
whose activation results in the phosphorylation of eukaryotic initiation factor 2α (eIF2α), a 
translation factor that controls the initiation step of protein synthesis that has been implicated in 
long-term synaptic plasticity and memory formation (Ma et al., 2013). Although the UPR serves 
a neuroprotective role via regulation of general and gene-specific translation, it also is 
responsible for promoting apoptotic cell death following sustained activation, which occurs in 
neurodegenerative disorders such as Parkinson’s disease (PD). Markers of PERK/eIF2α 
activation have been found in PD post-mortem brain tissue, where nigral dopaminergic neurons 
displaying α-synuclein inclusions also are positive for phosphorylated PERK and eIF2α 
(Hoozemans JJ et al., 2007). Dopaminergic signaling contributes to neuronal plasticity 
underlying learning and memory (Broussard JI et al., 2016), by acting upon specific neural 
targets such as hippocampus, amygdala, and prefrontal cortex, and altered dopaminergic 
modulation affects the encoding and maintenance of memories (Rosen ZB et al., 2015). Our 
central hypothesis is that a prolonged UPR results in inhibition of general protein synthesis via 
PERK-dependent phosphorylation of eIF2α, resulting in the loss of synaptic proteins, synaptic 
failure, and ultimately, neuronal death in dopaminergic neurons. To investigate the involvement 
of PERK in neurodegeneration and to determine whether the deletion of PERK in dopaminergic 
neurons results in synaptic alteration and cognitive symptoms, we generated mice selectively 
lacking either one or both copies of the gene that encodes PERK in dopaminergic neurons (DAT-
PERK+/- and DAT-PERK-/-respectively). We examined the DAT-PERK mutant mice in a series 
of cognitive tasks, including the Morris water maze, novel object recognition, Y maze, T maze, 
and associative fear conditioning and we found that selective PERK deletion in dopaminergic 
neurons results in multiple cognitive phenotypes in mice. In particular, DAT-PERK-/- mice 
exhibit behavioral impairments in both hippocampus- and amygdala-dependent memory 
resulting in a cognitive profile that recapitulates different features of PD. These results support 
our overall hypothesis and are consistent with previous studies that proper regulation of PERK-
eIF2a signaling is required for normal cognitive function (Ma et al., 2013; Moreno et al., 2013). 
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Abstract: Introduction: Ohtahara syndrome, also known as Early Infantile Epileptic 
Encephalopathy (EIEE) with suppression bursts is a currently untreatable disorder that presents 
with seizures and impaired cognition. EIEE patients have most frequently mutations in the gene 
encoding the synaptic protein of munc18-1. The exact molecular mechanism is unknown how 
these munc18-1 mutations cause seizures and cognitive impairment but the leading 
haploinsufficiency hypothesis posits that they make the protein unstable. This study aims to 
understand the role of munc18-1 and how targeting transmitter release could be used to combat 
EIEE and other drug resistant epileptic disorders. 
Methods: We use munc18-1+/- mice as a model of EIEE haploinsufficiency. We performed 
behavioral tests for spatial learning and memory using a radial arm water maze (RAWM) and the 
“Intellicage” behavioral platform. We performed long-term potentiation (LTP) tests to assess 
hippocampal memory acquisition and storage capacity of munc18-1+/- mice. We used a 
fluorescent FM dye assay to measure the rate of synaptic vesicle release in neuronal cultures 
from munc18-1+/- and wild-type controls. We created viral vectors with point mutations found 
in EIEE patients to transduce cultured neurons and tested the effect of these mutations on 
neurotransmission. 
Results: These behavioral assays show that munc18-1+/- mice perform poorly in spatial learning 
tasks (RAWM) and reversal learning task when compared to controls (Intellicage). They also 
have impaired LTP and slower synaptic vesicle release rates than controls. None of the selected 
Munc18-1 point mutations have a dominant negative phenotype but are able to partially rescue 
synaptic function in munc18-1+/- neurons. 
Conclusions: To our best knowledge this is the first study to demonstrate that munc18-1 mutants 
implicated in the severe epileptic encephalopathy of EIEE are functionally less active than 
WTmunc18 and hence could be a possible therapeutic target for drug resistant epileptic disorders. 
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Abstract: Passive or natural memory decay and interference-induced memory loss are two major 
forms of forgetting that are extensively studied in psychology. Whether and how these two forms 
of forgetting are regulated at the molecular level remain to be established for all types of 
memories in vertebrates. Recent studies in Drosophila led to the idea of active forgetting, as the 
behaviourally induced activation of the small G protein Rac1 causes forgetting. Here, we show 
that Rac1 activation in the mouse hippocampus plays a role in the regulation of time-based 
passive memory decay and interference-based forgetting of object recognition memory. 
Although it naturally decays within 72hrs, the inhibition of Rac1 activity in hippocampal neurons 
through targeted expression of a dominant negative Rac1 mutant extended memory for over 
72hrs,whereas Rac1 activation accelerated memory decay within 24hrs. The recognition of 
additional objects led to interference-based forgetting of the original objects, and this 
interference-induced forgetting was blocked by the inhibition of Rac1 activity in hippocampal 
neurons. The evidence presented here suggests that Rac1 activation causes both time-based and 
interference-based forgetting of recognition memory, but exerts no effects on the formation of 
this memory. Indeed, the better-defined time window in the interference task allowed us to reveal 
interference-induced elevations in Rac1 activity. Electrophysiological recordings of long-term 
potentiation provided independent evidence that further supported a role for Rac1 activation in 
forgetting. Thus, Rac1-dependent forgetting is evolutionarily conserved from invertebrates to 
vertebrates. 
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Abstract: A conditioned solution (CS) is paired with the unconditioned stimulus (US), which 
induces aversively illness or nausea effects, to produce the suppression of the CS consumption, 
in termed as conditioned taste aversion (CTA). Later, abused drugs have also been shown to 
produce the similar CTA effect. Some researchers suggest that the suppression of the CS is due 
to the reward comparison between CS and US. The reward value of the CS outweighs from that 
of the US, and thereby animals decrease the CS consumption, in called as the reward comparison 
hypothesis. The purpose of the present study addresses this interesting issue to dissociate from 
rewarding and aversive effects of abused drugs. The rewarding ventral tegmental area (VTA) and 
the aversive periaqueductal grey matter (PAG) were determined to assess this dissociation 
between abused rugs-induced CTA and CPP. Using “the pre- and post-association” experimental 
paradigm, we simultaneously form morphine-induce CTA in the pre-association and morphine-
induced CPP in the post-association experiments. Before the CTA and CPP acquisition phase, 
the VTA (i.e., rewarding nucleus) and the PAG (i.e., aversive nucleus) were respectively 
lesioned. The 0.1% saccharin solution (CS) and the conditioned place preference were 
conditioned with morphine for 5 days paired and 5 days unpaired schedules. Finally, the CTA 
and CPP were tested for 15 min and 10 min, respectively. The results showed that VTA lesions 
decreased CPP effects but did not affect CTA. PAG lesions increased CTA effects but did not 
affect CPP. The present findings support the CTA was involved in the aversion and CPP was to 
control the reward. The VTA did not mediate aversive CTA effects and control rewarding CPP. 
The PAG did not mediate rewarding CPP effects and govern CTA effects. The reward 
comparison hypothesis is still challenged. Keywords: reward comparison hypothesis, 
conditioned taste aversion, rat NSC 102-2410-H-431-005-MY3 
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Title: Classic wide-waveform dopamine neurons signal reward number and identity error signals 
in a common framework 
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Abstract: Midbrain dopamine neurons have been shown to signal errors in reward prediction. 
This signal is thought to reflect the discrepancy between the value of expected and actual reward. 
We recently reported that error signaling of dopamine neurons in rat ventral tegmental area 
(VTA) was altered by disruption of input from orbitofrontal cortex that was proposed to signal 
information about task states. This suggests, contrary to current theoretical accounts, that 
dopamine error signals might contain information about predicted identity or state as well as 
value. Consistent with this hypothesis, here we show that dopamine neurons signal such value-
less prediction errors. Neural activity was recorded from putative dopamine neurons in rat VTA. 
Recordings were made in a simple odor-guided choice task in which different odor cues 
indicated that a flavored milk solution was available in one of two nearby fluid wells. During 
recording, we manipulated either reward number (1 or 3 drops) or identity (chocolate- or vanilla-
flavored milk) to induce value-based or value-less errors in reward prediction, respectively. 
Consistent with previous work, dopamine neurons showed phasic changes in firing in response to 
changes in reward number. However the same dopamine neurons also increased firing when the 
identity of reward was changed unexpectedly. These increases in firing disappeared with 
learning, were observed despite the rats showing similar preferences for the two rewards, and 
were observed in the same neurons that showed suppression of firing on reward omission. These 
results suggest that midbrain dopamine neurons can signal errors in predicting features of reward 
other than its general value. 
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Title: Reward expectation influences the activity of auditory striatal neurons during decision 
making 

Authors: *L. GUO, W. I. WALKER, S. JARAMILLO;  
Inst. of Neurosci., Univ. of Oregon, Eugene, OR 

Abstract: Animals constantly adapt their behavior based on environmental conditions to 
optimize reward and avoid punishment. To understand how neural circuits implement flexible 
sound-driven choices, it is necessary to identify the brain regions involved in these behaviors, 
and how neural activity is influenced by the outcome of a choice. The rodent caudal striatum 
receives direct inputs from the auditory cortex and the auditory thalamus, as well as outcome-
related signals from midbrain dopaminergic innervation. This region is therefore ideally situated 
to integrate sensory information with feedback about the outcome of an action (i.e., reward or 
punishment), and potentially plays a key role in action-selection. In this study, we investigated 
the effects of the expected magnitude of reward on neuronal activity in the auditory striatum. 
Water-restricted mice were trained in an auditory categorization task where they learned to 
associate different sound frequencies with different reward ports to obtain water. We changed the 
amount of water delivered on each reward port every 150-200 trials. Isolated single units from 
extracellular recordings displayed frequency-selective sound-evoked responses as well as 
movement-related activity. A comparison of neuronal activity from trials with different amounts 
of expected reward revealed that a subset of striatal neurons were modulated based on reward 
expectancy at different time periods during the task. Our findings pave the way for future 
investigation of the neural circuits underlying sound-driven choices based on reward. 
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Title: Behavioral differences among C57Bl/6 substrains 

Authors: *Y.-S. LEE, M. KANG, H.-H. RYU;  
Chung-Ang Univ., Seoul-City, Korea, Republic of 

Abstract: Different strains of mice show distinct behavior and physiological phenotypes. 
However, the differences among substrains of C57BL/6 are not well appreciated. Here, we 
compared three substrains of C57BL/6 (C57BL/6JBomTac, C57BL/6NCrljOri, and 
C57BL/6NTacSam) in a series of behavioral tasks examining both general behavior, and 
learning and memory. In addition, we have also performed electrophysiological analyses 
including long-term potentiation (LTP) in the hippocampus, which is considered a cellular 
mechanism for learning and memory. We found that there are significant differences between 
C57BL/6JBomTac and the other two substrains in their behavioral phenotypes, including motor 
coordination, anxiety, and freezing in classical fear conditioning. However, the three substrains 
show comparable levels of hippocampal LTP. Our findings provide guidelines for choosing the 
most appropriate substrain for the intended studies. 
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Title: Hippocampal mapk activity in nf1 mice model shows abnormal circadian oscillation 

Authors: *L. CHEN, T. SERDYUK, Y. ZHOU, W. LI;  
Bio-X Institutes,Shanghai Jiao Tong Univ., Shanghai City, China 

Abstract: Neurofibromatosis Type 1 (NF1) is a common neurological disorder caused by 
mutations in NF1 gene, which encodes Neurofibromin, a p21Ras GTPase activating protein. 
Importantly, dysfunction of NF1 causes learning disabilities and attention deficits. Previous 
study showed that the learning and memory deficits in mouse model of NF1 (nf1+/−) appear to be 
caused by excessive p21Ras/MAPK activity leading to impairments in mechanism of learning 
and memory. In addition, it is reported that the circadian oscillation of hippocampal MAPK 
activity may affect a number of physiological processes, as the persistence of long-term 
memories. In our study, the MAPK phosphorylation activity of the nf1+/− mice shows abnormal 
circadian oscillation compared with wild-type mice littermates. The level of hippocampal MAPK 
phosphorylation was significantly elevated during the night in NF1 mice model. Besides, the 
recording of local field potentials from CA1 (at daytime and night) showed a difference in theta-
frequency and alpha- frequency power spectral densities (PSD) in neurons between wild-type 
and nf1+/− mice. Our findings suggest that the MAPK activity rhythms may play an important 
role in memory mechanism; these data may provide new thoughts for elaborating the cognitive 
defects in NF1 mice model. 
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Title: Effects of mPFC inactivation during learning of an initial strategy on subsequent 
behavioral flexibility 

Authors: *G. J. PETERS, K. M. LATTAL;  
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Abstract: The rat medial prefrontal cortex is a critical node in the neural circuitry that mediates 
behavioral flexibility. Notably, damage to the mPFC does not impair the learning of relatively 
novel memory-guided strategies, but in contrast, impairs learning new behavioral strategies that 



conflict with existing strategies. Thus, the emphasis in research on behavioral flexibility is 
typically on the functional role of mPFC during the switch to alternative strategies. However, 
evidence from fear conditioning indicates that subregions within the mPFC have dissociable 
roles when learning conflicting behaviors. Here, prelimbic cortex (PL) is important for learning 
and expressing an initial fear memory, and infralimbic cortex (IL) is needed for learning a 
competing extinction memory. Additionally, PL and IL appear to play unique roles in other 
forms of competitive memory processes, such as the implementation of goal-directed or habitual 
strategies, respectively. Given prevalent bidirectional connections between PL and IL, one 
intriguing possibility is that these regions contribute to general flexibility by somehow 
interacting to resolve the conflict between alternative behavioral strategies. If so, mPFC 
involvement during the acquisition of initial strategies, though often undetected in behavior, 
might include the encoding of memory features that guide behavioral options in the event that 
flexibility is required. Consistent with this idea, it has previously been observed that temporary 
inactivation of the mPFC only during the early stages of learning a set of discriminations 
paradoxically improved learning on a new competing set of discriminations, despite several 
sessions of equivalent performance between control and previously inactivated groups on the 
initial set. In the current study, we assessed whether a similar inactivation procedure would result 
in improved flexibility in other forms of strategy switching. We found that temporary 
inactivation of the mPFC at the beginning of acquisition of a visual-cue strategy again improved 
performance on the switch to a competing response-based strategy, despite no difference in 
performance during the final sessions of the initial strategy. The robust nature of this facilitatory 
effect indicates that processing in the mPFC during the initial stages of learning has an important 
influence on subsequent flexibility. Such results have implications for understanding the neural 
circuitry dynamics that coordinate flexible behavior, which may ultimately inform approaches to 
treating the numerous psychiatric disorders that involve impaired flexibility. 
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Title: Using trace eyeblink conditioning to uncover mechanisms of Presenilin-linked 
Alzheimer’s Disease 

Authors: *C. BLEVINS, J. SIEGEL, R. GRAY, B. V. ZEMELMAN;  
Inst. for Neurosci., Univ. of Texas at Austin, Austin, TX 

Abstract: Trace conditioning is a highly conserved form of forebrain-dependent learning in 
vertebrates. Much of the circuitry required for this cognitive task has been described, but roles of 
key circuit elements in learning are unknown. Moreover, variation in task performance can 
signal brain dysfunction. We have discovered a difference between 3xTg Alzheimer’s disease 
(AD) model mice and non-transgenic controls in acquisition of trace eyeblink conditioning, a 
finding that extends to the mutant Presenilin-1 (mutPS1, M146V) knock-in model. PS1 encodes 
a multifunction protein that participates in neuronal calcium regulation and amyloid precursor 
protein (APP) processing. PS1 has gained prominence in AD after DNA genome analyses 
revealed that nearly 200 distinct mutations in this gene are causally linked to the most severe 
early-onset form of the disease. Surprisingly, both types of young AD mice expressing mutPS1 
(2-3 months old) conditioned more rapidly than non-transgenic or wild-type littermate controls. 
No learning differences were detected using the hippocampus-independent, ‘delay’ version of the 
task. Interestingly, the differential learning enhancement extended to contextual fear 
conditioning, as young mutant mice displayed enhanced freezing to context (hippocampus-
dependent), but not to tone (hippocampus-independent). This novel finding represents a rare 
opportunity to examine cellular and circuit mechanisms linking PS1 to memory function. Two 
hypotheses may explain our findings: Accelerated learning could stem from intrinsic changes in 
affected neurons, a plasticity advantage at the outset that is potentially maladaptive over time; 
alternatively mutPS1 may preferentially affect specific cell types or brain regions, leading to 
network level compensatory changes that temporarily enhance trace learning. Both phenomena 
could be features of AD, expressed as long-term cognitive decline. Upcoming experiments will 
examine the relationship between mutant animal age and accelerated learning. In addition, to 
explore mechanisms by which mutPS1 affects task performance, we will test the role of altered 
cellular plasticity in learning and use selective mutPS1 expression to study regional and cell 
type-specific contributions to the uncovered phenotype. 
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response to the display of defence behaviors of others 

Authors: *A. CRUZ, M. MOITA;  
Champalimaud Ctr. For the Unknown, Lisboa, Portugal 

Abstract: We have previously shown that rats freeze upon the display of freezing by con-
specifics. In addition, this form of observational freezing requires prior experience with foot-
shock, suggesting that freezing becomes an alarm cue through learning. We hypothesized that, 
during exposure to shock, rats associate their own defense responses with aversive stimuli. 
Consistently, we found that rats exposed to shock that did not experienced freezing do not 
respond to the display of freezing by their cage-mate. Exposure to shock may also contribute to 
observational freezing through stress-induced sensitization. To address this issue we compared 
corticosterone levels after different shock exposures that led or not to freezing, and found no 
differences in the strength of the stress response. Still, stress could facilitate observational 
freezing. Hence, we subjected rats to a forced swim session, which induced a very strong stress 
response. However, these animals, did not display observational freezing. One remaining 
question is whether different triggers of freezing as animals experience and aversive stimulus 
lead to the same response during the social interaction. To address this issue we are currently 
testing how exposure to a predator cues affects responses to freezing displayed by conspecifics. 
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Title: The role of orbitofrontal cortex in model-based planning in the rat 
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Abstract: Planning can be defined as a process of action selection that leverages an internal 
model of the environment. Such models provide information about the likely outcomes that will 
follow each selected action, and their use is a key function underlying complex adaptive 
behavior. Orbitofrontal cortex (OFC) is thought to be a key structure underlying this type of 
behavior, though its precise role remains unclear. In previous work, we have developed a two-
step repeated-trials planning task for rats (adapted from Daw et al., 2011), and shown that 
orbitofrontal cortex is causally involved in planning behavior on this task, as well as presented 
preliminary results from single-unit recordings indicating encoding of planning-related variables 
(Miller et al., SFN 2015; Miller et al., in prep). Here, we examine the role of the OFC in model-
based planning in more detail with further electrophysiology data as well as temporally precise 
optogenetic inactivations. We find that single units encode model-based value signals associated 
with outcomes, but not with choices, supporting the idea that OFC may be involved specifically 
in model-based learning (Schoenbaum et al., 2009), rather than model-based choice. Further 
supporting this idea, preliminary data from optogenetic inactivations suggest that the OFC plays 
a causal role in the task at the time of learning, but not at the time of choice. 
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Title: Functionally selective D1 agonists bias regulate spatial working memory in prefrontal 
cortex 

Authors: *Y. YANG, X. HUANG, R. B. MAILMAN;  
Penn State Univ., Hershey, PA 

Abstract: Dopamine D1 agonists have been shown to cause cognitive enhancement, but 
importance of different signaling (e.g., cAMP or β-arrestin) is not known. The current study 
examined two D1 agonists, EFF0311 and CY208243, that differ somewhat in their D1 signaling 
bias. Specifically, EFF0311 was found to have much higher intrinsic activity in β-arrestin 



recruitment than CY208243, whereas activation of cAMP synthesis was similar. These 
properties allowed estimation of whether functional selectivity for these two pathways influences 
D1 effects on cognition. Neuronal activity was recorded in prefrontal cortex as rats performed a 
delayed alternation spatial working memory task in a T-maze. Neurons with sensitivity to 
outcome-related aspects of the task decreased their firing rate after administration of both 
EFF0311 and CY208243, but in dissimilar ways. Before achieved outcome (prospective 
encoding), EFF0311 was superior to CY208243 in enhancing similarity between correct and 
error outcome based on firing rates. Oppositely, after outcome (retrospective encoding), 
EFF0311 was superior to CY208243 in distinguishing error from correct based on firing rates. 
Also, compared to CY208243, EFF0311 increased local field potential oscillation mostly in the 
beta-band, implying enhancement of the neuronal network. Finally the behavioral performance 
was improved by both EFF0311 and CY208243, but EFF0311 quickened decision making 
although the enhancement of performance accuracy was similar. These data on regulation of 
spatial working memory in prefrontal cortex suggest that D1 mediated β-arrestin recruitment may 
be important for the use of D1 ligands in the treatment of memory-related disorders, although off-
target actions requires further investigation. 
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Title: What are the cellular and molecular underpinnings of improved mouse hippocampal-
dependent behavior after exposure to a Mars mission-relevant dose of space radiation? Another 
small step for mousekind... 

Authors: *S. YUN, C. W. WHOOLERY, M. J. LUCERO, A. W. WALKER, D. R. 
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Abstract: Space radiation consists of high atomic weight and energy (HZE) particles. Chronic 
low doses of HZE particles - as will be encountered on a deep space mission to Mars - may be 
detrimental to astronauts by diminishing hippocampal function and thus compromising mission 
success. Studies using ground-based space radiation with relatively young adult mice (2 months 
of age) show that HZE particles decrease hippocampal neurogenesis and performance on 
hippocampal-dependent tasks. However, it is unknown how HZE radiation influences the brain 
and behavior of “astronaut age” equivalent mice (6 months of age), or how it alters important 
hippocampal functions such as contextual discrimination and cellular and molecular signatures 
underlying this behavior outcome. To fill these knowledge gaps, C57BL/6J mice (6-month-old 
[Mature] mice) were exposed to HZE particles (56Fe, 600 MeV/n, 174.1 KeV/µm LET of a 
single exposure of 20 cGy [Non-fractionated], protracted dose of 20 cGy [Fractionated, 6.7 cGy 
x 3 days, 48h intervals], or 0 cGy [Sham]). Surprisingly, while Mature Fractionated and Non-
Fractionated mice displayed normal locomotor activity and normal CFC, they also showed a 
dose-dependent increase in contextual discrimination ability (CDFC) compared to Sham. To 
elucidate the cellular or molecular signature contributing to irradiation (IRR)-induced 
improvement of hippocampal- dependent behavior in Mature mice, we first quantified the 
number of newborn neurons and DG interneurons, both of which regulate DG activity. However, 
neither was not correlated with improved pattern separation. Second, we performed unbiased 
screening using whole translationome sequencing with a BAC-TRAP (Bacterial Artificial 
Chromosome-Translating Ribosomal Affinity Purification) mouse line targeted to DG 
glutamatergic neurons. Relative to the translationome from Sham mice, DG glutamatergic 
neurons from IRR mice had increased activity-dependent global translation. Thus, HZE particle 
radiation unexpectedly improves pattern separation in astronaut-age equivalent mice and is 
accompanied with enhanced global translation in DG glutamatergic mice. We are currently 
performing functional tests with candidate genes to assess whether they are causal factors 
underlying the age-related improvement in contextual discrimination after HZE radiation 
exposure. 
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Title: Towards a principled decoding of hippocampal replay 
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Abstract: Decoding analyses seek to determine how well a known variable, such as a sensory 
stimulus, can be estimated from neural data. This process can be optimized for minimum 
reconstruction error, which can be computed on the same data used to estimate the encoding 
model. Internally generated hippocampal sequences pose an interesting challenge for this 
framework: they are covert phenomena without a ground truth to measure decoding performance 
against, and the true encoding model is unknown. Decoding the content of these sequences is 
thought to provide access to the content of memory retrieval, consolidation and planning 
processes, but the output of such a process is sensitive to parameter choices. How can we choose 
these parameters in a principled manner in the absence of a ground truth? First, we optimized for 
generalization performance, i.e. decoding accuracy on data not included in the estimation of the 
encoding model. When run on place cell data from a T-maze task, leave-one-trial-out 
generalization performance was overall much worse than same-trial-tuning and average-tuning 
decoding performance. More importantly, the decoder parameters that resulted in optimal 
performance were different for the generalization-optimized decoder. These parameters, in turn, 
can result in different decoded output of putative replay sequences. Second, to the extent that we 
can approximate internally generated sequences using a generative model, we can provide a 
ground truth that can be used for systematically choosing a decoder. We develop such a model 
that simulates replays by sampling from sped-up experience. The input to the model is a 
temporally compressed behavioral trajectory, the model parameters are derived from 
assumptions of the commonly used bayesian decoder, and the output an ensemble spiking 
pattern. If we are using the correct decoder, output of such a generative model should match 
experimental data. However, systematic examination of model parameters including temporal 
compression, replayed path length and number of encoded environments, show that data 
generated from our model based on these assumptions do not match the statistics of 
experimentally observed replays. Taken together, these results provide specific guidelines for a 



more principled decoding of hippocampal sequences that can be straightforwardly applied to 
current decoding methods. In addition, the generative model approach provides a framework for 
the explicit testing of hypotheses underlying the spiking statistics and content of hippocampal 
sequences that be incrementally improved by comparison with experimental data and 
incorporated into decoding methods. 
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Title: Species and strain differences in hippocampal region CA2 vasopressin and oxytocin 
receptor distributions in mice, rats and prairie voles 

Authors: *S. YOUNG1, J. SONG1, O. J. BOSCH2;  
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Abstract: One of our research groups (WSY) determined that the knockout of the vasopressin 
(Avp) 1b receptor (Avpr1b) in mice resulted in decreased social aggression and decreased social 
memory in both male and females (Wersinger et al., 2002, 2007, 2008). We subsequently 
became interested in the hippocampal CA2 region when we determined that the Avpr1b was 
highly expressed there (Young et al., 2006). As we only found Avpr1b there in the Sprague-
Dawley rat and C57Bl/6j mice, we (WSY) assumed that this would be the case in all strains of 
rats and mice. However, other groups (e.g., OJB; Bayerl et al., 2016) detected expression outside 
of the CA2 region in different rat strains. This prompted us to explore the expression of the 
Avpr1b in more depth as well as Avp receptor 1a (Avpr1a) and oxytocin (Oxt) receptor (Oxtr) in 
some cases in the hippocampus. Here were report initial results indicating that 3 rat strains have 
different patterns of expression whereas, so far, mouse strains do not. Finally, now not 
surprisingly, prairie voles have different patterns of expression. We used Affymetrix's very 



sensitive ViewRNA in situ hybridization histochemistry system to examine expression. Both 
C57Bl/6j and BALB/c male and female mice express Avpr1b exclusively in pyramidal cells of 
the CA2 and immediately adjacent CA3 areas (expression is also seen in the fasciola cinereum 
which might be developmentally related). Oxtr is expressed within Avpr1b pyramidal neurons as 
well as in hippocampal interneurons and more extensively outside the hippocampus. In the 
Sprague-Dawley male, virgin female and lactating female rats, Avpr1b is found in the CA2 
pyramidal cells as well as the SCN. In Wistar lactating female rats, Avpr1b is not expressed in 
the CA2 area but is in the SCN. No cell groups were identified expressing Avpr1b in the 
amygdala of either strain. In the male prairie vole, Avpr1b is not concentrated in the CA2 region 
although scattered cells are observed through the hippocampus. Strikingly, Oxtr is expressed in 
the same restricted CA2 pattern as Avpr1b in mice as well as abundantly elsewhere in the brain. 
Avpr1b, interestingly, is observed in many areas outside the hippocampus, especially in the 
globus pallidus and substantia nigra pars reticulata. Avpr1a is expressed in scattered cells in hilus 
and all strata in the dorsal hippocampus and along CA2 stratum oriens - pyramidal cell layers in 
the ventral hippocampus. Avpr1a is also expressed abundantly throughout the vole brain. These 
findings reflect the complex changes that evolve in the rodent neurohypophysial hormone 
receptor distributions despite the relatively fixed patterns of expression of the nonapeptides 
themselves. 
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Title: Hippocampo-thalamo-cortical networks for episodic memory and spatial processing 
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Dept. of Psychology, Univ. of Wisconsin-Madison, Madison, WI 

Abstract: Episodic memory, the ability to remember objects, events and their contexts 
experienced in one’s personal past, depends on a set of brain regions including the hippocampus, 
retrosplenial cortex (RSC) and anterior thalamus (ATN), which are highly interconnected with 



each other. However, the precise nature of information transmission between the ATN, RSC and 
hippocampus in supporting episodic memory and spatial processing is largely unknown. Our 
study aims to characterize how the ATN communicates with the hippocampus and RSC during 
episodic memory recall and spatial transformations. We hypothesize that the ATN supports 
episodic memory and spatial processing by regulating information transmission between the 
hippocampus and RSC. A possible mechanism may involve the ATN synchronizing groups of 
neurons in the hippocampus and RSC according to episodic and spatial demands. In order to test 
our hypothesis, we perform diffusion MRI-guided multi-site electrophysiological recordings 
from interconnected sites of the ATN-RSC-hippocampus network. For this we measured network 
connectivity by acquiring high-resolution diffusion-weighted images (1 mm isotropic) from the 
3T GE MR750 scanner with a 16-channel receive-only head coil in 6 anesthetized monkeys 
along 60 diffusion directions (b=1000 s/mm2 and NEX=14). We used FSL for EPI distortion, 
eddy current and motion correction prior to Bayesian estimation of diffusion parameters and 
probabilistic diffusion tractography (PDT). Our PDT results correspond broadly to that observed 
in neuroanatomical tracer studies. We observed overlapping projection zones of the hippocampus 
(subiculum) and RSC in the ATN, roughly corresponding to the ventral subdivision of ATN. 
Further, the likely medial subdivision of ATN connected with the hippocampus and medial 
cortical regions such as the posterior cingulate, anterior cingulate and orbitofrontal cortex. 
However, PDT data had the advantage of delineating projection zones specific to individual 
macaques, which cannot be precisely ascribed based on tracer data in the literature. Our data 
suggests that the ATN is well suited to regulate information transmission between the 
hippocampus and RSC, as well as medial cortex more generally, due to the indirect hippocampo-
thalamo-cortical pathway. The connectivity map derived for each macaque allows us to target 
MRI-compatible laminar probes to interconnected sites in the hippocampus and RSC as well as 
their overlapping projection zones in the ATN, to monitor neural dynamics of the ATN-RSC-
hippocampus network. 
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Abstract: We recently proposed that episodic memories are best represented by temporal 
sequences of neural activation patterns and that the hippocampal circuit is optimized to store 
these sequences. One central feature in this theory, called CRISP, is that hippocampal area CA3 
intrinsically produces temporal sequential activities through its abundant recurrent connections. 
Here, we first study the possible mechanisms by which a relatively fixed recurrent network 
structure in CA3 can generate neural activity sequences intrinsically. We find that the robustness 
of sequence generation depends on the network architecture. For instance, randomly connected 
recurrent networks (RCRNs) are very sensitive to noise, whereas locally connected recurrent 
networks (LCRNs) generate moderately robust neural sequences. Networks with sparse 
connectivity, which are trained with sequences of random patterns, exhibit the most robust 
dynamics. Next we implement a cortico-hippocampal circuit consisting of the EC-CA3-CA1-EC 
loop. During memory encoding, intrinsic CA3 sequences are hetero-associated with EC 
sequences, which are driven by sensory inputs. Downstream, CA3 sequences are hetero-
associated with sequence in CA1 and finally, the CA1 patterns are hetero-associated with the 
sensory inputs in EC, thus closing the loop. During memory retrieval, intrinsic CA3 sequences 
have to be reactivated based on partial, noisy cues, which is provided to EC. Finally, the 
retrieved sequences in CA3 reactivate the stored sequences in EC via the CA1 layer. 
We find that memory performance is determined by the network’s ability to perform pattern 
completion of individual patterns as well as robust retrieval of sequential information from CA3. 
These two functions have competing requirements, i.e., the conditions that lead to good 
performance in one function might have detrimental effects on the other. For instance, modeling 
CA3 as a LCRN, the stored sequence is retrieved robustly, but the temporal correlations between 
patterns in the sequence impair pattern completion when decoding the CA3 pattern. On the other 
hand, a RCRN facilitates decoding, but sequence retrieval fails if any noise is present. 
Combining the advantages of each of these two models, networks pre-trained on sequences of 
random patterns achieve a good overall memory performance because they can encode 
sequences in CA3 robustly and be decoded in the feedforward connections to CA1 and EC. To 
conclude, we find that the cortico-hippocampal circuit shows high memory performance in 
storing and retrieving sequences of pattern, as hypothesized by CRISP, and that the network 
architecture of CA3 is critical for memory performance. 
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Abstract: To understand cortical function at a mechanistic level, we need sufficiently simple 
animal models that retain basic structural elements of more complex systems such as the 
mammalian neocortex. Our laboratory is engaged in making such animal models accessible for 
modern molecular, imaging and electrophysiological techniques. The diversity of reptiles and 
their ancestral relation to mammals and birds allows us to explore questions related to the 
function and evolution of vertebrate neural circuits [1,2]. To facilitate physiological studies of 
cortical activity in reptiles, here we aim to provide a comprehensive anatomical map of reptilian 
cortical areas and document our findings using web-accessible high-resolution histological 
sections. We study two distantly related reptile species (Pogona vitticeps and Trachemys scripta) 
to identify shared and derived features of reptilian cortical circuits. We use a panel of methods 
for circuit mapping: viral and small-molecule tracing, chemo-architecture, gene-expression, and 
total area cell counts. Using immunohistochemistry and in-situ hybridization for a number of 
regulatory (Prox1, Lmo3, Rorb, Nurr1, Satb2) and functional (Drd1, Ndst4, Pcp4, Wfs1, CB) 
principal cell markers we identify a large number of region specific expression patterns in 
reptiles. We relate these patterns to specific intra- and extra-cortical projection patterns. These 
comparisons can suggest function, e.g., by comparison with the mammalian hippocampal 
formation. 
Some markers have been claimed to identify specific cortical or pallial regions; we often find 
them more widely expressed than previously reported. Many homologies between vertebrate 
cortical areas have been proposed, but few agree on specifics [3]. Most comparisons have been 
based on distantly related birds and mammals while reports on reptiles are relatively rare. Our 
data inform this discussion by identifying regulatory gene expression specific to cortical areas 
and relating it to functional protein expression and cortical connectivity. We conclude that 
precise one-to-one similarities between reptile, bird, and mammalian cortical regions may exist, 
but that they are an exception rather than the rule. However, by identifying common elements in 
the cortex of distantly related reptiles (or similar emergent properties [1]) we may learn about 



general cortical circuit motifs that were expanded and modified in evolution. 
[1] Shein-Idelson et al., 2016 [2] Naumann et al., 2015 [3] Striedter, 2016 
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Abstract: Although hippocampal CA1 pyramidal neurons (PNs) have long been thought to 
comprise a uniform population, recent evidence supports the existence of two distinct sublayers 
along the radial axis, with deep layer neurons more likely to form place cells, encoding spatial 
locale, compared to superficial neurons. Here we explore the potential circuitry that mediates the 
differential information processing in deep compared to superficial cells, using in vitro 
electrophysiology, two-photon imaging of spines, and optogenetics. Our results demonstrate that 
the direct inputs to CA1 from medial entorhinal cortex (MEC), which provide spatial 
information, elicit larger excitatory synaptic responses in deep compared to superficial CA1 
neurons. Surprisingly, inputs from lateral entorhinal cortex (LEC), which provide nonspatial 
information, excite superficial CA1 neurons more strongly than deep neurons. Our experiments 
thus reveal a novel view of EC-dorsal CA1 connectivity, in that MEC and LEC engage CA1 PNs 
subtypes in different manners, and provide an important framework to understand in vivo 
network dynamics in different behavioral contexts. 
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Abstract: Fragile X syndrome (FXS) is the most common inherited cause of autism and mental 
retardation. In FXS expansion of an FMR1 gene CGG trinucleotide repeat disrupts expression of 
fragile X mental retardation protein and prior work has shown that Fmr1 knockout (KO) mice, 
used to model this disorder, have disdurbances in learning in many paradigms. In studies of acute 
hippocampal slices we find that the Fmr1 KOs have severe deficits in long-term potentiation 
(LTP) in the lateral perforant path (LPP) projections which arise in the lateral entorhinal cortex 
(LEC) and innervate the outer molecular layer of the dentate gyrus (DG). The LEC is the most 
densely interconnected of cortical regions and provides one of the two major cortical inputs to 
hippocampus. Animal and humans studies indicate that the LEC is critical for the formation of 
episodic memory (the ‘what’, ‘where’, and ‘when’ of serial events). Thus, we tested the 
hypothesis that Fmr1 KOs have deficits in LPP-dependent episodic memory. We developed a 
behavioral task in which mice sampled pairs of different odors in 3 successive trials and then on 
a 4th test trial they were presented with an odor from the 1st trial (a familiar odor) paired with a 
novel odor: greater time spent exploring the novel than the familiar cue during the test trial was 
considered evidence of learning. To show that learning in this serial odor recognition task 
(SORT) requires the LPP we used the designer receptor specifically activated by designer drug 
(DREADD) technology to transiently inactivate the LEC during training. Specifically, the AAV 
construct (AAV-CaMKII-HA-hM4D(Gi)-IRES-mCitrine) was injected bilaterally into LEC of 
WT mice and testing began 3 weeks later. DREADD agonist clozapine-N-oxide CNO (5 mg/kg 
or vehicle) was injected (IP, 30 min prior to behavioral testing). Inactivation of the LPP 
comletely blocked SORT learning, indicating that encoding relied upon LEC function. Finally, 
Fmr1 KO mice exhibited markedly impaired SORT learning. These results indicate that Fmr1 



KOs have clear impairments in an LPP-dependent episodic memory task. Future work will 
examine the integrity of ‘where’ and ‘when’ components of episodic memory in the Fmr1 KOs. 
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Abstract: The brainstem nucleus incertus (NI) contains a highly-conserved population of 
GABA/peptide projection neurons in rodent, primate (and human) brain, and studies in rats and 
mice suggest their putative roles in control of stress, arousal and emotion- and motivation-related 
behaviors [see Ma S, Gundlach AL. J Neuroendocrinol 27, 457-67, 2015]. Evidence for these 
functions includes observations that the rat NI receives strong CRF/CRF1 receptor signals [Ma S 
et al. J Physiol 591, 3981-4001, 2013], and an orexinergic innervation from lateral hypothalamus 
and strong OX2-mediated activation [Blasiak A et al. Neuropharmacology 99, 432-47, 2015; 
Sabetghadam A et al. this meeting]. Similarly, chemogenetic activation of rat NI networks with 
an excitatory DREADD produced sustained, heightened arousal, and increased locomotor 
activity and vigilance [Ma S et al. Brain Struct Funct, in press].Therefore, the aim of our ongoing 
studies is to further characterize the functional neuroanatomy of the NI and the nature of its 



neural targets in key circuits such as the septohippocampal system, basal forebrain and 
prefrontal/cingulate cortex, and limbic hypothalamus and thalamus; in relation to the impact of 
alterations in NI and relaxin-3 neuron activity and signaling on specific behaviors. In viral-based 
anterograde neural tract-tracing studies, we identified strong projections ascending to major 
midbrain, tectal, hypothalamic, thalamic, septal and cortical regions, and descending outputs to 
vestibular, oculomotor and autonomic centers. Quantitative analysis of comparative 
immunohistochemical studies of the rat NI, confirmed that the majority of neurons in the NI are 
GABAergic, of which ~50% produce relaxin-3; and identified a separate group of 
cholecystokinin-positive GABAergic neurons that lack relaxin-3. In an important discovery, 
relaxin-3 NI neurons were demonstrated to exclusively express TrkA, the high-affinity receptor 
for nerve growth factor (NGF). We also assessed the relative proportions of NI neurons 
delineated by calcium-binding proteins, calbindin and calretinin. Further immunohistochemical 
studies identified close contacts between relaxin-3-positive fibres and populations of 
somatostatin- and NGF-positive neurons in hippocampus (CA1, CA3, dentate gyrus). These 
findings emphasize the functional diversity of NI neurons and identify a key relationship 
between relaxin-3 and NGF/TrkA signaling systems, with implications for our understanding of 
how these GABA/peptide neuronal networks regulate cognitive processing, in relation to optimal 
levels of arousal, attention and motivation, under normal and pathological conditions. 
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Title: Attenuated hippocampal CA1 pattern reactivation and replay in rats with medial entorhinal 
cortex lesions 
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Abstract: During awake immobility and slow wave sleep, CA1 cell populations are active 
during brief bursts. The spiking of multiple cells within these bursts resembles sequences that 
correspond to place field sequences during running on a track or in a maze. Some of the events 
that correspond to those in behavior are already detectable before the beginning of a behavioral 
session (preplay), but corresponding events are generally most frequent during the period after a 
behavioral session (replay). The highly organized spontaneous hippocampal activity patterns 
during immobility and sleep are generally thought to reflect intrinsic hippocampal synaptic 
connectivity, and whether they are shaped by experience during behavior on the track or reflect 
innate intra-hippocampal wiring is currently debated. We previously reported that MEC-lesioned 
rats exhibit temporally disrupted place field firing, i.e. largely a loss of phase precession and 
pairwise correlation. Since such timing cues are assumed to be a main driving force for synaptic 
plasticity in vivo, we assumed that experience-dependent alterations of the synaptic matrix 
would be impaired in these lesioned rats. To test this hypothesis, we recorded hippocampal 
neuronal activity during sleep before and after running on a track or a figure-8 maze in control 
rats and in rats with extensive bilateral lesions of the medial entorhinal cortex (MEC). As 
previously reported, control rats displayed numerous events that correspond to maze trajectories, 
in particular during the sleep session after behavior, as measured by correlation to a template 
sequence of place fields. In rats with MEC lesions, we found that sequence replay was still 
significantly present but was strongly reduced compared to control rats. Furthermore, average 
activation of neuronal assemblies was measured by weighted projections to the significant 
principal components of the population vectors. Among rats in the control group, average 
assembly activation was higher in sleep following rather than sleep preceding the linear track 
sessions; such an increase was not observed in any of the lesioned rats. Our findings show that 
sequence replay and assembly reactivation strongly but not exclusively depend on intact MEC 
inputs. 
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Abstract: Spatial memory and navigation are thought to depend on the location-selective firing 
of various spatially modulated cell types, including grid cells. Grid cells are most abundant in the 
superficial layers (layer II, III) of the medial entorhinal cortex (mEC). Because of this 
overrepresentation in layers II and III, most theoretical models assume that local microcircuits 
within the superficial layers contribute to the generation of grid patterns. We therefore first 
characterized the extent of anatomical connections within the superficial layers of the mEC. 
Using anterograde and retrograde viral tracing techniques, we demonstrated that there is 
substantial anatomical excitatory connectivity between layer II and III and within layer II of the 
mEC, in particular within modules along the dorso-ventral axis. Next, we determined the effects 
of manipulating layer II pyramidal cells onto other cells within the superficial cell layers. To 
selectively target the mEC layer II pyramidal cells, we used a transgenic mouse line expressing 
cre recombinant protein under the wolfram syndrome 1 (wfs1) promoter and expressed 
channelrhodopsin in these cells. By manipulating wfs1+ cells while performing in vivo single-
unit recordings in freely moving mice, we confirmed that there is both excitatory and inhibitory 
functional connectivity within the superficial layers. We also confirmed that both wfs1+ and 
wfs1- cells heterogeneously include non-spatial cells, spatial cells and grid cells, consistent with 
previous reports that there is no direct correspondence between known anatomical and functional 
cell classes. Based on these results, we sought to address to what extent the local connectivity of 
wfs1+ cells contributes to the emergence of grid cell firing patterns. Optogenetic manipulation of 



wfs1+ cells gave rise to instant synchronous activation followed by a sustained inhibition across 
the majority of cells within the superficial mEC layers. Surprisingly, this broad local inhibition 
within the mEC had no effect on the spatial firing patterns of grid cells. These results suggest 
that while recurrent circuits exist within superficial layers of the mEC, such connectivity might 
not be necessary to support spatial representations. Instead, afferent projections to the superficial 
layers might already contain critical information that is sufficient to give rise to grid cell firing. 
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Abstract: A large number of everyday experiences can be stored in memory without 
interference between these memories. The core circuitry for such a large-capacity episodic 
memory system includes the hippocampus and the medial entorhinal cortex (mEC). One of the 
key functions of this circuitry is the rapid generation of neuronal representations that are highly 
distinct from those for previously acquired memories, a process referred to as pattern separation. 
For contexts with minor differences, pattern separation depends on intra-hippocampal 
processing. Distinct contexts, in contrast, are distinguished by reorganized spatial maps in the 
mEC, which are thought to mediate the orthogonalization of spatial maps in hippocampus. This 
process is referred to as global remapping. Because changes in medial entorhinal firing patterns 
are concurrent with hippocampal global remapping, it was hypothesized that computations in the 



mEC are a prerequisite for the formation of distinct hippocampal maps. In support of this theory, 
it was recently found that the partial, acute inactivation of the mEC induced remapping in the 
hippocampus (Miao et al., 2015; Rueckemann et al., 2016). However, while these data 
demonstrate that changing mEC input is sufficient to trigger hippocampal remapping, it remains 
unknown whether mEC is necessary to perform this function. To address this question, we 
performed bilateral, excitotoxic lesions of the mEC and recorded hippocampal neural activity as 
rats explored a familiar and a novel environment. We found that highly distinct spatial maps 
emerged rapidly after exposure to a novel environment, in both control rats (CON) and rats with 
extensive lesions of the superficial layers of mEC. Consistent with global remapping in both 
groups, the maps were randomly reorganized between rooms (median spatial correlation, CON: -
0.04, mEC lesion: -0.09, chance: -0.03, all P-values ≥ 0.35), and similarity between rooms was 
much lower than baseline, which was established by repeated recording sessions within the same 
room (CON: 0.89, mEC lesion: 0.65, all P-values < 0.001). Importantly, global remapping across 
rooms was found to be intact in each mEC-lesioned rat, even in individuals with no detectable 
sparing of the superficial layers. Our findings suggest that the emergence of distinct hippocampal 
maps does not require inputs from specialized cell types in the mEC. Alternative pathways that 
may support the generation of distinct hippocampal maps include the lateral entorhinal cortex 
and/or the medial prefrontal cortex, both of which have been shown to distinguish between 
different contexts. 
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Abstract: The hippocampus and medial entorhinal cortex (MEC) exhibit prominent oscillations 
in the theta range with a frequency of approximately 6-10 Hz during movement. Theta 
oscillations have been hypothesized to coordinate the precise timing of cell assemblies in the 
hippocampus and MEC and have been suggested to support episodic memory. Inactivating the 
medial septal area (MSA) results in a substantial reduction of theta amplitude in the 
hippocampus and MEC and in substantial impairment of hippocampus-dependent memory. 
These findings indicate that MSA plays a key role in generating theta oscillations as well as the 
precise spike timing that supports memory processing. We therefore asked whether offsetting the 
timing by manipulating the oscillation frequency would result in memory deficits. To gain 
control over theta, we manipulated the medial septal parvalbumin-expressing GABAergic (PV) 
cells. During endogenous theta generation, PV cells discharge in rhythmic bursts that are phase 
locked to theta frequency. To gain control over the discharge frequency of these cells, we used a 
cre-dependent viral vector (AAV.EF1a.DIO.ChR2.eYFP) to selectively express 
channelrhodopsin (ChR2) in PV cells in MSA of PV-cre mice. We then performed LFP 
recordings in the MEC to confirm that rhythmic stimulation of PV cells in MSA directly 
controlled the frequency of theta oscillations in MEC. The stimulation reliably elicited 
oscillations within the endogenous theta frequency range (e.g., 8 and 10 Hz) as well as outside 
the normal range (e.g., 12 and 20 Hz). Moreover, this stimulation protocol did not only allow for 
temporal control of theta but was also immediately reversible. To address the functional role of 
theta oscillations in memory, mice were trained on a spatial alternation task in which animals 
alternated between left and right sides of a figure-8 maze. On a subset of trials the animals ran 
continuously between left and right arms whereas in additional trials a 2-s or 10-s delay was 
imposed on the central arm. Once animals reliably performed each task (>80 % correct), 
optogenetic stimulation occurred on half of trials on alternating blocks. Stimulating at 10, 12, 
and 20 Hz significantly impaired performance on 2-s and 10-s delay trials compared to no 
stimulation in the same subjects. Control green stimulation, which weakly activates ChR2 did 
not impair performance in the task, suggesting the impairment was not a result of perturbation of 
behavior by light. These results demonstrate a functional role for endogenously paced theta 
oscillations in memory and that minor disruptions in the timing of oscillations are sufficient to 
cause a memory impairment as severe as a hippocampal lesion. 
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Abstract: Alzheimer’s disease is a neurodegenerative disorder characterized by progressive 
mnemonic deficits. In humans, synapse and neuron loss is pronounced in the hippocampal 
formation, a region known to have an essential role for spatial learning and navigation. 
Transgenic mice that over-express human amyloid precursor protein specifically in CA3 
pyramidal cells (CA3-3xTg) were used a model to investigate how amyloid-beta induced 
dysfunction of synaptic plasticity at Schaffer-collateral synapses affects hippocampal circuits and 
how this relates to spatial memory deficits. To test for memory deficits, we performed a spatial 
alternation task on a figure-8 maze with either no delay or brief delays (i.e., 2s or 10s) at the 
beginning of the center alley. The delay period is known to make the task dependent on 
hippocampal function while the continuous version is not hippocampus dependent. In 15-18 
months old CA3-3xTg animals, we observed a decrease in the number of correct trials in only 
the hippocampus-dependent versions of the task. In order to understand changes in network 
function that may underlie this behavioral phenotype, we recorded local field potentials before, 
during, and after the spatial alternation task in CA3-3xTg mice and control littermates. In LFP 
recordings from CA1, we assessed the frequency and structure of sharp-wave ripple events 
(SWRs) during rest and behavior. SWRs are high frequency oscillations that are generated by the 
CA3 autoassociative network and are believed to support memory consolidation. We 
hypothesized that changes in SWRs could serve as a potential mechanism underlying cognitive 
impairments observed in CA3-3xTg mice. In control mice, SWR frequency during quiet 
restfulness is low before and increased after behavioral testing. In contrast, CA3-3xTg mice 
already showed elevated SWR frequency preceding the behavioral task and there was no 
additional task-related increase after behavior. We have also investigated spatial and temporal 



firing patterns of hippocampal CA1, CA3 and DG neurons in order to complete our 
understanding of the effect of amyloid-beta induced toxicity on hippocampal processing. Taken 
together, our data indicate that synaptic toxicity restricted to CA3 results in substantial 
hippocampal network dysfunction and in impaired hippocampus-dependent behavior. 
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Abstract: The medial entorhinal cortex (MEC) projects directly to the hippocampus and is 
thought to be the key source of spatial and temporal information to hippocampal place cells. 
However, it remains unclear to what extent the spatial and temporal firing patterns in MEC are 
necessary for memory-guided behavior. We hypothesize that a primary function of MEC is to 
generate the temporal organization of hippocampal firing which could bridge gaps between 
discontinuous events. To test this, rats with either a hippocampal lesion, an MEC lesion, a 
double-lesion (hippocampus and MEC) or a sham lesion were trained to perform a continuous 
spatial alternation task in which the animals alternated between left and right sides of a figure-8-
maze to receive reward. After animals reached criterion, blocks of trials were introduced with 2-
second, 10-second, and 60-second delays. All groups performed similarly during the trials 
without delay, but when a delay was imposed, the lesion groups made significantly more errors. 
After further training, the single lesion groups improved their performance with short delays (2 



and 10-seconds) but showed a long-lasting impairment under the 60-second condition. Double-
lesions prevented the partial recovery in the short delay conditions and promoted a different 
pattern of response, specifically during long delays, in which these animals exhibited a tendency 
to continue choosing one side of the maze even if the task required them to alternate. Recordings 
of hippocampal single units and local field potentials were performed during the spatial 
alternation task to investigate the mechanisms that could support the spared memory function in 
MEC-lesioned rats. Our results demonstrated that hippocampal spatial firing was detectable in 
MEC lesioned animals, but that the spatial firing was less consistent than in controls, similar to 
what we previously reported in tasks without memory demand. Taken together, these results 
suggest that even a highly degenerated hippocampal code can be used to partially support short-
term memory and prevents maladaptive strategies such as perseveration on response options that 
no longer produce a desired outcome. 
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Abstract: The hippocampus is critically involved in processing both spatial and temporal aspects 
of memory. Although spatially selective cells, known as place cells, were first discovered in the 
hippocampus in the 1970s (O’Keefe and Dostrovsky, 1971), recent studies have also reported the 
existence of temporally selective cells in the hippocampus, known as time cells (MacDonald et 
al., 2011). In the adjacent cortical area of the medial entorhinal cortex (MEC), spatial memory 
processing and spatially selective neuronal firing have been reported (Steffenach et al., 2005; 
Hales et al., 2014). However, the involvement of the MEC in temporal aspects of memory 
processing are less understood. A recent study reported that MEC lesions substantially disrupt 
theta phase precession in the hippocampus, suggesting the involvement of the MEC in temporal 



organization of hippocampal firing patterns (Schlesiger et al., 2015). In order to directly examine 
the involvement of the MEC in temporal memory processing, we adapted an odor sequence 
learning task in rats, which has previously been shown to be dependent on the hippocampus 
(Fortin et al., 2002). Rats with either complete bilateral excitotoxic lesions of the MEC or sham 
lesions are presented with sequences of 5 odors. Following a 3 minute delay, a sequential order 
test probes memory for which of the two odors was presented earlier in the sequence. An odor 
identity test probes item memory by comparing an odor from the sequence with an odor that was 
not in the sequence. Memory for sequential order, but not odor identity, has previously been 
shown to depend on an intact hippocampus (Fortin et al., 2002). Results on both memory tasks 
will be discussed in terms of MEC involvement in temporal aspects of memory processing. 
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Abstract: Dopamine (DA) is involved in mediating motivationally relevant behaviors such as 
drug/alcohol addiction, food intake, and social behaviors. Previous work in our lab using 
systemic treatments has shown that D1-type (D1/D5) DA receptors are involved in social 
learning, whereas D2-type (D2/D3/D4) DA receptors are involved in feeding behavior in the 
social transmission of food preferences (STFP) in mice (Choleris et al, 2011). The ventral 
tegmental area (VTA) has DAergic projections to numerous limbic sites, including the septum, 
amygdala, nucleus accumbens, and hippocampus. In particular, the hippocampus has been 
previously established as an important structure in mediating the STFP. Work in our lab has 
shown that blocking D1-type DA receptors in the dorsal hippocampus impairs social learning in 
the STFP in both male and female mice (Matta and Choleris, 2014). In this study, we 



investigated the role of D2-type DA receptors in the dorsal hippocampus in the STFP. We 
microinfused the D2-type DA receptor antagonist Raclopride (at 10, 14, 18 or 20 µg/µL) directly 
into the dorsal hippocampus of male and female CD-1 mice (young adults) 10min before a social 
interaction (where social learning occurs) with a same-sex conspecific. We found that Raclopride 
at 10, 18 and 20 µg/µL blocked social learning in female, but not male mice. Furthermore, the 
social learning impairment could not be explained by any secondary effects on feeding, since 
total food intake was unaffected by drug treatment. Moreover, an olfactory discrimination task 
using the two highest doses of Raclopride that also blocked social learning (at 18 and 20 µg/µL) 
showed that the social learning impairment could not be directly explained by any changes in 
olfaction. Thus, the female effects of dorsal hippocampal D2-type DA receptor blockade may 
have been specific to social learning. Our study is also attending to effects of drug treatment on 
various social and nonsocial behaviors during the social interactions, and possible effects of 
gonadal hormones. Thus, DA in the hippocampus promotes social learning differently in males 
and females: in males it acts through only D1-type DA receptors, whereas in females it acts 
through both D1-type and D2-type DA receptors. 
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Abstract: The brain’s ability to associate experiences with subsequent rewards is fundamental to 
learning and memory, yet the neural substrates of this process are only partially understood. 



Substantial evidence points to the hippocampus (HPC) and nucleus accumbens (NAc) as 
constituents of a critical neural circuit for spatial reward learning. A candidate mechanism for 
strengthening spatial-reward associations is the hippocampal sharp-wave ripple (SWR), a 
network event that reactivates sequences of hippocampal place cells in a manner that often 
recapitulates prior experience. Previous work has shown that in sleep following behavior, some 
NAc cells are reactivated coincidentally with hippocampal SWRs, but it remains unclear how the 
representations of these NAc cells relate to the learned experience. Furthermore, prior studies 
focused on the dorsal hippocampus (dHPC), while the ventral hippocampus (vHPC) exhibits the 
most direct anatomical projection to the NAc and may be critical for adaptive behavior. We 
therefore sought to understand how interactions between the dHPC, vHPC, and NAc support 
flexible, spatially guided reward learning. We recorded simultaneous single unit activity and 
local field potentials from these three regions in awake, behaving rats learning a spatial working 
memory task with changing reward contingencies. We found that NAc neurons represented 
various task elements including reward, were often spatially modulated, and could adapt their 
firing patterns with the changing reward contingencies. Moreover, NAc neurons with distinct 
firing patterns were differentially engaged by dHPC and vHPC SWRs during both awake 
immobility and sleep. Our findings indicate that the HPC engages a heterogenous population of 
NAc neurons at the precise time of SWRs, and that the SWR-related activity in the NAc may 
reflect distinct types of spatial and task associations reflective of dHPC and vHPC input. 
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Abstract: The hippocampus and the prefrontal cortex (PFC) are critical for transforming 
representations of experience into memories but the specific nature of the experiences that form 
memories remains unclear. The hippocampus maintains spatial representations of experience. 
During locomotion, hippocampal place cells with discrete place fields are activated sequentially 
as an animal moves through space. Previous work has shown that these sequential patterns 
reappear during hippocampal sharp wave-ripples (SWRs), which are hypothesized to support 
storage and recall of memory. Recently, our laboratory demonstrated that a distinct set of place 
cells signal spatial location during immobility. Whether these representations of experiences that 
occur during immobility are stored and reactivated during SWRs and how they manifest in the 
PFC is unknown. We simultaneously recorded from multiple single neurons in the prefrontal 
cortex and the hippocampus of awake, behaving rats to examine the interactions between these 
structures. We first found that immobility place cells do participate in SWRs, but strikingly, 
these SWRs tend not to engage place cells that are active during locomotion. Moreover, these 
two distinguishable patterns of reactivation are also seen in the PFC. Individual PFC cells show 
changes in firing rate during SWRs, but they are modulated differently depending on whether the 
hippocampal SWR reactivates representations associated with locomotion or immobility. These 
findings suggest experiences associated with states of locomotion and immobility are encoded as 
discrete and distinct types of memories in the hippocampal-cortical network. 
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Abstract: Much is still unknown about the mechanisms underlying learning and memory, as 
well as the functional significance of associated hippocampal replay sequences. There is strong 
evidence supporting the roles of these replay sequences in a number of cognitive functions, 
including memory consolidation and behavioral planning. However, a statistical understanding 
of replay events is still lacking. 
Here, we extend our previous work on using hidden Markov models (HMMs) for the sequential 
analysis of neural data in a number of ways. First, we introduce a novel two-component 
sequence score which decouples the sequential and contextual information, leading to an elegant 
and effective way to discriminate sequentially consistent patterns of neural activity from putative 
'noise'. Moreover, we show how we can use this score to identify the underlying context and 
behavioral state of an animal more effectively than using the log probability for a sequence in the 
model directly. 
Second, we show that the model leads to behaviorally relevant and interpretable results for a 
wide range of model parameters, so that the problem of model selection is mitigated 
significantly. This is especially important in the context of hippocampal replay, where behavioral 
correlates are not available; in the absence of behavioral correlates, we necessarily have to rely 
more heavily on the model to reveal underlying patterns of sequential information.Third, we 
discuss a number of possible approaches to order and interpret the virtual place fields learned by 
the model, including orderings and state associations suitable for both linear and nonlinear (or 
generalized) environments. 
Finally, we present some preliminary results when using HMMs for online sequential analysis of 
long continuous recordings of neural activity. The analysis of such long duration recordings is 
particularly important for a more comprehensive understanding of replay content. Indeed, replay 
is expected to occur throughout the day, presumably representing recent, past, distant past, and 
never-before-experienced experiences (such as shortcuts to reward locations), yet existing 
analyses of replay have mainly considered recording sessions shortly before and after short term 
(approximately one hour) behavioral experiments. As a consequence, much of what has 
previously been labeled as 'noise' might in fact be consistent with past experience, and analyzing 
long term chronic recordings of the animal's past promises to help us understand the content and 
statistical characteristics of replay events. 
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Abstract: The hippocampus is critical for forming memories of daily life events, but over time 
these memories can become independent of the hippocampus1-3. The dominant model for this 
memory consolidation process posits that following rapid memory encoding in the hippocampus, 
repeated reactivation of hippocampal representations during sleep transfers information from the 
hippocampus to the cortex for long term storage4-7. This unidirectional information transfer is 
thought to be driven by sharp wave ripple (SWR) events7-14, which mark periods of coordinated 
reactivation in hippocampus and cortex15-19 and have been shown to directly support learning20-

22. SWRs are generated in the hippocampus23-25, drive excitatory responses in cortical target 
regions25, and modulation of cortical neural activity has been reported to follow SWRs15-18,26, 
consistent with unidirectional hippocampus to cortical information transfer. However, some 
observations are hard to reconcile with this model, including demonstrations that modulation of 
cortical activity can also precede SWRs27,28, and that sensory stimulation can bias SWR 
content29. Thus, the direction of information flow between the hippocampus and cortex 
underlying memory consolidation remains unclear. Here we show that during sleep, the cortex 
leads a rapid cortical-hippocampal-cortical loop of information flow. We simultaneously 
recorded neural activity in the auditory cortex (AC) and the hippocampal CA1 region of rats as 
they learned a sound-guided task and during interleaving rest sessions. We examined the 
structure of cortical and hippocampal activity during sleep and found that reactivation in AC 
precedes and predicts the subsequent content of hippocampal activity during SWRs, while 
hippocampal patterns during SWRs predict subsequent cortical activity. Furthermore, delivering 



sounds during sleep biased AC activity patterns, and sound-biased AC reactivation predicted 
subsequent CA1 activity, providing a potential mechanism for sensory-stimulation-biasing of 
memory during sleep29-33. These findings indicate that the reactivation of specific cortical 
representations during sleep could be a critical determinant of which memories are consolidated 
into long term stores. 
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Abstract: Hippocampal replay events are thought to play an essential role in learning and 
memory. Individual replays can contain spiking patterns that reflect different categories of 
spatial trajectories, including sequences that are replayed in either a temporally forward or 
reverse order and sequences that can represent either the current environment or a previously 
experienced and spatially distinct environment. We also know that novelty, spatial learning and 
reward can modulate the prevalence of replay, but how these factors influence the direction and 
content of replay remains unclear. 
We therefore developed a new statistical paradigm to categorize the content of hippocampal 
replays using a decision state point process filter. This filter simultaneously estimates the spatial 



representation being replayed as well as the direction of movement and the spatial context. Here 
we apply this paradigm to classify the replay events of rats learning two novel spatial alternation 
tasks. We explore multiple different binary decision states, including the direction of movement 
and the local or remote nature of the representation. Our analyses allow us to characterize the 
frequency of specific types of replay events across specific phases of learning. 
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Abstract: Sharp-wave ripples (SWR) are brief bursts of ~200 Hz oscillations in the local field 
potential in area CA1 of the hippocampus that co-occur with dense bouts of ensemble spiking. 
SWR and the concomitant neural activity are associated with aspects of memory consolidation, 
recall, and memory-guided decision making. Temporally-specific silencing of hippocampal 
activity triggered by online detection of SWRs has been shown to have significant effects on 
memory consolidation and working memory. However, the real-time signal processing systems 
used to perform these experiments have been challenging to implement and inaccessible to many 



researchers. Here, we present a ripple-detection module written for an open-source software 
platform (Trodes - https://bitbucket.org/mkarlsso/trodes). In conjunction with low-cost open-
source hardware (OpenEphys - http://www.open-ephys.org, < $5K) or a pre-packaged 
commercial solution (SpikeGadgets - http://www.spikegadgets.com, < $15K). We achieve low 
latency SWR detection across multiple electrodes during ongoing neural recording experiments. 
Our analysis of SWR detection for real and synthetic data makes clear that the latency and 
accuracy of any SWR detection system are jointly limited at a fundamental level, with minimal 
latency of ~40-60 ms. Using a synthetic “gold-standard” data set, we demonstrate that our online 
open-source system can achieve accurate detection with limited additional latency (~10-15 ms), 
with even lower values achievable using the same module with our commercial hardware. 
Finally, we describe how our module can be extended to further include other information such 
as behavioral traces or multiunit activity in the SWR detection process. At < $5K for 32 channels 
of neural activity, this is a cost effective and simple approach for researchers seeking to add this 
experimental technique to their studies. In general, we anticipate that the use of modular signal 
processing blocks will significantly facilitate the dissemination of causal/closed-loop 
experimental techniques that represent the frontier of systems neuroscience experiments. 
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Abstract: Formation of memory of a behavioral experience is facilitated through reactivation of 
neural ensembles representing that experience. Reactivation of place cells in the hippocampus 
following a behavioral experience have been widely studied. As the animal runs across a field, 
the associated place cells become active in a sequential manner. It has been shown that these 
sequences frequently re-occur in a time-compressed manner (so-called replay) during rest and 
sleep. Detection of these replay events and the extent to which their expression changes during 
sleep can reveal the dynamics of memory processing. Therefore, a reliable method of replay 
detection is of special importance. Different methods have been recruited so far to detect replay 
events, including rank-order correlation, template matching, and Bayesian decoding. Recently, a 
hidden Markov model (HMM) based approach has been proposed as another alternative. Using 
this model, it is assumed that temporal patterns of population activity reflect a number of 
underlying states and transitions between them. In the case of replay, these states most likely 
correspond to virtual places. Using HMMs for replay detection is promising because existing 
methods need explicit external position information along with the neural activity during 
behavior to detect replay events. However, HMMs allow for the detection of replay even when 
no explicit position information is available. In a preliminary analysis, we trained an HMM on 
behavioral data and evaluated its performance in replay detection. We found that the 
performance of the HMM for the detection of visually verified replay events is comparable to 
existing methods, and moreover, in some cases of noisy replay events, the new method 
outperformed others. Here, we will do a comprehensive analysis of the benefits and limitations 
of the HMM based approach in comparison with existing approaches. 
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Abstract: The hippocampus must form distinct neuronal representations of memory items in 
order to differentiate efficiently between similar events. Granule cells of the dentate gyrus, the 
first stage of the hippocampal circuit, have been proposed to perform this task in a process 
termed pattern separation. It is unclear how synaptic input patterns are decorrelated and 
converted into sparse action potential output during this process. To address this question, we 
performed whole-cell patch-clamp recordings from mature hippocampal neurons in head-
restrained mice navigating in a virtual-reality environment. Granule cells depolarized by ~3 mV 
during running periods, with depolarization preceding running by up to 1.5 s. Membrane 
potential and running speed were tightly correlated, suggesting that granule cells may receive 
speed-modulated synaptic inputs. Voltage-clamp recordings revealed that mean excitatory 
current input increased during running, while the frequency of large multicomponent EPSCs 
decreased. To try to trigger plasticity, we used theta-burst current injections (5 100-ms current 
injections at 5 Hz). Following the induction protocol, we observed a persistent hyperpolarization 
of membrane potential by ~3 mV lasting up to 90 s. The extent of hyperpolarization was 
positively correlated with the number of evoked action potentials during theta-burst current 
injections. While most granule cells were silent throughout the recording duration, spatial 
modulation of firing could be induced by near-threshold sustained current injections, similar to 
previous findings in CA1 pyramidal cells (Lee et al., 2012). Unlike in CA1 pyramidal cells, 
spatial modulation was highly sensitive to depolarization, with the number and location of firing 
fields depending on the sustained current injection amplitude. Our results indicate that granule 
cells receive desynchronized, yet spatially specific inputs during navigation, and their output is 
sensitive to small changes in excitatory drive. Moreover, granule cells are suppressed in an 
activity-dependent manner, which may help sparsify the population activity and orthogonalize 
output patterns. 
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Abstract: The hippocampus is a highly conserved architectural component of the mammalian 
brain that has evolved to perform associative learning tasks. It stands to reason that the field of 
machine learning, which historically has utilized multi-layered artificial neural networks and, 
more recently, "Deep Learning" to characterize large datasets, will benefit from exploiting 
specific organizational and functional principles garnered from hippocampal circuitry. Using 
knowledge available in Hippocampome.org, it is now possible to construct spiking neural 
network (SNN) models of the rodent hippocampus. This highly curated open-access resource 
defines hippocampal neuron types primarily based on axonal-dendritic patterning and is 
informed through dense coverage of peer-reviewed literature, which documents experimental 
evidence. Upon the foundation of these neuron types, we layer information about connectivity, 
intrinsic electrophysiology, input/output firing pattern relations, and molecular markers that 
allow us to derive a biologically realistic SNN model of the hippocampal formation. We then 
attempt to leverage known hippocampal circuit functionalities, such as pattern separation and 
auto-association, to improve the generalization ability of SNNs for machine learning. The 
specific application selected to vet this approach and to frame-out the computational 
infrastructure is automated literature mining. Since we have ready access to thousands of 
manually reviewed articles from local lab-based neuroinformatic literature mining efforts, we 
can harness their associated "ground truth" for training and testing. Through improved automated 
analytics leveraging biologically realistic circuitry, we strive to enhance machine learning for the 
advancement of science. 
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Abstract: Neurons are typically classified based on their morphological, molecular, and 
electrophysiological properties, but rarely by combining all three of these dimensions. The open-
access online knowledge base Hippocampome.org primarily defines neuron types from the 
rodent hippocampal formation based on their main neurotransmitter (glutamate or GABA) and 
the locations of their axons and dendrites across canonical sub-regions and layers (e.g. CA1 
statum oriens or entorhinal layer 2). Any and all published information regarding biomarker 
expression (and several electrophysiological features) that can be linked to identified neuron 
types is then added along with the supporting experimental evidence. The resulting biochemical 
profile is relatively sparse: even for the best studied neuron types the expression or absence of 
fewer than 50 molecules has been firmly established to date. The massive mouse brain gene 
expression analysis conducted by the Allen Institute provides a wealth of data that when 
appropriately interpreted can be leveraged to substantially augment the biomarker knowledge in 
Hippocampome.org. In this study, we restrict the investigation to the principal cell layers of 
dentate gyrus (DG), CA3, CA2, and CA1, where the vast majority of the neurons are 
glutamatergic projecting neurons. Thus, Allen Brain Atlas (ABA) in situ hybridization data for 
those layers can justifiably be linked to the respective principal neuron types (i.e. Granule in DG 
and Pyramidal in CA3, CA2, and CA1). We filtered the whole-genome expression dataset to 
maximize consistency with current Hippocampome.org biomarker content. The resulting 
additional set of expressed/not-expressed genes expands the ~1,100 Hippocampome.org 
biomarker pieces of knowledge (PoK) by more than an order of magnitude, yielding a 
considerably more complete genetic characterization of principal neuron types in the mouse 
hippocampus. 
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Abstract: Simulation costs of biophysically detailed Hodgkin-Huxley-type neuronal models 
often impose limits on the scale of biologically realistic network models. However, 
computationally efficient Izhikevich models have been shown to qualitatively capture many 
experimentally observed firing-pattern types. Hippocampome.org is a knowledge base of neuron 
types in the rodent hippocampal formation, upon which we aim to build a full-scale model of the 
hippocampus. One of our immediate modeling goals is to create Izhikevich models that 
quantitatively reproduce various firing-pattern features of hippocampal neuron types. Previously, 
we developed a systematic approach to classify hippocampal neuron firing patterns and 
identified more than fifteen firing-pattern classes among 122 morphologically distinguished 
neuron types. This scheme established criteria for the classification of different firing-pattern 
types, such as delayed spiking, spiking with frequency adaptation, fast spiking, stuttering, and 
bursting. By leveraging the optimization capabilities of evolutionary algorithms (EA), we fit 
Izhikevich model responses to experimentally recorded and algorithmically classified firing 
patterns. This approach, based on EA, uses feature-based fitness functions, which also 
incorporate the firing-pattern class definitions. In addition, our Izhikevich models can have more 
than one compartment depending on dendritic invasion of neuron types across hippocampal 
layers. This allows layer-level specification of synaptic inputs for a neuron type in our network 
models. The simplified dendritic compartments are constrained based on their excitabilities and 
input resistances relative to the somatic compartment and directionally asymmetric spike and 
subthreshold signal propagation. Several of such multi-compartment models are simulated in 
parallel on Graphical Processing Units (GPU) in order to expedite the EA optimization process. 
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Abstract: Hippocampome.org is an open-access knowledge base of rodent hippocampal neurons 
types, each defined by the patterns of axonal and dendritic presence across the parcels of the 
hippocampal formation. In addition to this morphological knowledge, Hippocampome.org also 
includes information on biomarker expression, electrophysiological properties, and connectivity 
for all types. The new v1.1 release constitutes a multi-dimensional expansion of this knowledge 
base. Since the official 2015 launch, continued literature mining has yielded the addition of 20 
new neuron types, bringing the total number to 141. Notable new content includes splitting CA1 
Pyramidal cells into Superficial and Deep types, due to converging evidence of multiple distinct 
molecular biomarkers and electrophysiological properties, and the inclusion of Adult-Born 
Immature Granule cells. We also track several new properties. Neuron types are now 
characterized by their firing patterns, and we have identified over 20 unique firing patterns. 
Moreover, we have developed spiking computational models for many of the neuron types 
contained in the knowledge base. In the biochemical dimension, we have increased molecular-
expression pieces of knowledge by 75%, by leveraging inferential evidence, which is based upon 
experimental observations of systematic if-then logical relationships between the presence or 
absence of biomarkers. Further gene expression information is derived by mining Allen Brain 
Atlas in situ hybridization mouse data. Additionally, we have refined the connectivity 
information between neuron types by expanding the evidence for known synapses (or the lack 
thereof) in order to confirm or, in rare cases, refute our morphologically-derived potential 
connectivity calculations, which are based on histological and electrophysiological evidence. 
Finally, we have made numerous modifications to the web portal to enhance the experience of 
the user, including an interactive connectivity navigator and a neuron term portal offering 
definitions of neuron types and properties. 
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Abstract: The ability to distinguish neurons based on molecular biomarker expression is a 
powerful research tool, and systematically linking these biochemical profiles to an established 
morphological characterization would aid in the investigation of neuronal circuitry. 
Hippocampome.org provides a web-based resource for bridging the morphological and 
biomarker-expression domains for neurons in the rodent hippocampal formation. Neuron types 
are defined in this framework based on their primary neurotransmitter and the presence or 
absence of axons and dendrites across the layers of subregions CA3, CA2, CA1, subiculum, 
entorhinal cortex, and dentate gyrus. The first release of Hippocampome.org contained 122 
neuron types with specified axonal-dendritic patterns and expression information about 90 
biomarkers. The ~850 available molecular pieces of knowledge (PoK) included the expression 
status of at least one biomarker for 81 neuron types. In the last year, we have augmented this 
compilation by leveraging published expression relationships between biomarkers to make 
inferences with calculable confidence. These take the forms of probability positive (neurons that 
express biomarker 1 are likely to express biomarker 2), probability negative (neurons that 
express biomarker 1 are likely not to express biomarker 2), and negative layer probability 
(neuron types with soma exclusively in a layer negative for a biomarker are likely negative). 
Addition of these inferential interpretations increases the PoK to ~1350 and raises the number of 
neuron types with information for at least one biomarker to 116 out of 122. Moreover, of the 



14,884 pairwise comparisons of the biomarker expression profiles for these 122 neuron types, 
~5,800 have different profiles with the inferential data, compared to ~3,600 without them. 
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Abstract: During exploration, the activity of place and grid cells represent self-location. 
Together these cells have been hypothesised to support spatial memory and navigation. The re-
activation of place cell sequences during immobility and sleep has been proposed as a 
mechanism for memory consolidation. Yet the role of grid cells in replay remains unknown. We 
co-recorded grid and place cells while rats ran on a z-shaped track and during subsequent rest. 
During replay, both on the track and during rest, we found grid cells were spatially coherent with 
place cells. Importantly, grid-place cell replay coherence was more robust during rest and for 
replay events depicting place cell sequences in the original (i.e. ‘forward’ replay) order. 
Moreover, during these events the grid cell spatial representation lagged that of the place cells by 
approximately 10ms. Finally, grid-place cell replay coherence evolved with experience, 
becoming stronger as the track became more familiar. Thus, our study shows close coordination 
between hippocampal place cells and MEC grid cells during replay, suggesting replay may be a 
general property of networks encoding self-location. Moreover, these findings support the view 
that replay is the mechanism by which memories are consolidated to the neocortex. 
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Abstract: The common marmoset (Callithrix jacchus) is a small bodied New World monkey 
with the visual specializations common to other primates including a true fovea (Mitchell and 
Leopold, 2015) that has the stature of a rodent making the animal model potentially powerful for 
the study and comparison of memory between rodents and primates. Here we present data on 
marmosets performing a visual preferential looking task (VPLT) that has been used to study 
recognition memory, the ability to perceive a recently encountered item as familiar, in humans 
(Wilson and Goldman-Rakic, 1994) and macaques (Jutras and Buffalo, 2010), and is known to 
rely on the hippocampus (Zola et al., 2000). 
Trials of the VPLT were initiated by fixation of a white and black spot (1°) at the center of the 
display for 0.25 s, followed by an image (10°x10°). The image disappeared when the marmoset’s 
gaze moved off of the image or after a maximum looking time of 5 s. Images were displayed in 
blocks of 3, 4, or 5 novel images followed by repeating their presentations in a randomized order 
such that an image was never immediately repeated. No reward was delivered on VPLT trials, 
however the marmoset was given 12 s to visually forage marmoset faces to earn reward between 
VPLT blocks and to ensure that gaze position remained calibrated. 
Preliminary results from 3 subjects indicate a preference for novel images over familiar ones by 
a larger amount of time spent looking at novel images than repeated images (average of 2.6 s for 
novel and 2 s for familiar, p < .0001), but this is less separable than comparable data from 
macaques (2.3 s for novel and 0.8 s for familiar--from Jutras and Buffalo, 2010). This results in 
marmosets examining novel images for greater lengths of time than familiar images in 67% of 
instances (p < .0001). Nevertheless, this preference is substantially lower than what has been 
reported in macaques (90%+) and may indicate a stronger stimulus driven component to 
marmoset eye movement when examining visual scenes. 
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Abstract: Previous studies suggested that different neural systems mediate visual categorization 
with stimuli that have dense and sparse defining features. The current study examined the role of 
the dorsal hippocampus in visual categorization of stimuli with high or low density category-
relevant features in rats. Using touchscreen apparatus, we trained rats to categorize multiple 
abstract stimuli into two different categories. The abstract stimulus was a pentagonal 
configuration of five visual features. Some of the visual features were relevant for defining the 
category but the others were irrelevant. Two groups of rats were trained with either high or low 
category-relevant feature densities (3 vs. 1). Once they reached to a criterion (≥ 75%, in two 
consecutive days), cannula-implantation surgery was conducted into the dorsal hippocampus. 
After recovery, rats were given either saline or muscimol infusions into the hippocampus of 
different testing sessions. They were tested with the previously trained stimuli (old) as well as 
the different category structures in which either the category-irrelevant features were replaced 
with novel ones (new), the locations of the category-relevant features were relocated (relocated), 
or a single category-relevant feature was presented at the center of the configuration (singleton). 
The results showed that the task is critically dependent on intact hippocampal function. The 
results also showed that the rate of learning was the same for the high and low density groups. In 
testing, the accuracy of the density groups was equally high in both old and new conditions. 
However, the low density group showed more impairment in the relocated and singleton 
conditions than the high density group. The results suggest that the dependence on both spatial 
and non-spatial properties of the category-relevant features is influenced by feature density. The 
hippocampus is necessary for visual categorization regardless of the density of the category-
relevant features. 
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Abstract: Visual scene in an animal’s background plays critical roles for remembering a 
contextual event in episodic memory, and we have previously shown that inactivation of the 
hippocampus impairs such capability in rats. In the current study, we studied whether the 
perirhinal cortex (PER) and the postrhinal cortex (POR), the two upstream regions of the 
hippocampus, were differentially involved in the visual scene memory task. Rats (n=4) were 
trained to choose either left or right arm in association with a scene stimulus in a T-maze. 
Specifically, a trial started when the animal entered the stem of the T-maze and, at the same time, 
a visual scene stimulus (among 4 scenes; zebra pattern, pebbles, bamboo, and mountain pictures) 
was presented via an array of 3 LCD monitors around the T-maze. The rat was required to enter 
one of the arms in association with the scene to obtain food reward. Once the rat learned the task 
to criterion, a custom-made cannula complex equipped with guide cannulae coupled with stylets 
was implanted, targeting PER and POR simultaneously. Post-surgical testing showed that the rat 
injected with vehicle (artificial CSF) into either PER or POR was not impaired in performance. 
Afterward, when muscimol (MUS), a GABA-A receptor agonist, was injected in POR, severe 
behavioral deficits were found (t(3)=3.73, p<0.05), whereas PER inactivations did not result in 
any behavioral deficit. Since the task required the animal to choose between different places 
using the visual scene stimulus, the observed deficits following the POR inactivations could be 
driven either from the impairment in recognizing the visual scene or from forgetting the 
association between the scene and spatial choice response. To further test these possibilities, a 
separate group of animals (n=9) were tested in a modified version of the scene memory task in 



which the rat should respond differentially to a common object (sand-filled jar) in association 
with visual scenes. Specifically, the rat must push the jar to obtain a reward underneath the jar 
for one visual scene, but had to dig in the sand in the jar when the other visual scene appeared. 
Note that, compared to the visual scene memory task, this modified version did not require 
spatial choice behavior, and MUS inactivations in both PER and POR produced significant 
performance deficits (PER: t(8)=3.63, p<0.01; POR: t(6)=4.48, p<0.01). Taken together, our 
preliminary findings suggest that the POR plays key roles in processing visual scene memory 
irrespective of response types, whereas the PER may only be involved in processing visual scene 
memory when ambiguity associated with an object must be disambiguated using the visual scene 
information. 
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Abstract: The dentate gyrus (DG) is often seen as the gate of the hippocampus, filtering 
excitatory inputs from the cortex before they reach CA3. The recurrent connections of the CA3 
network make it potentially prone to hyper-excitation and the breakdown of the upstream dentate 
gate has been shown to lead to seizures and to the development of temporal lobe epilepsy (TLE). 
The filtering properties of the healthy DG are thought to support pattern separation, a neural 
process that transforms similar input patterns of neural activity into less similar outputs, which 
would allow the formation of distinct memories of similar events and would prevent confusion 
between past and present perceptions. Accordingly, patients suffering from TLE not only 
experience spontaneous recurring seizures but are also often burdened by cognitive deficits such 
as memory impairments. Yet, no experimental study has established a relationship between TLE 
and the computational and cognitive roles of the DG. 



We hypothesize that the development of TLE is correlated to a breakdown of the pattern 
separation ability of the DG network, and thus to mnemonic discrimination deficits. To test our 
hypothesis, we induced status epilepticus (SE) in C57Bl6 mice with intraperitoneal injections of 
Kainate, an established model of TLE, and compared them with control mice injected with 
saline. We assess their mnemonic discrimination performances with an adapted version of the 
"object pattern separation" task1, based on the novelty recognition paradigm. We measure seizure 
frequency and severity with video/EEG recordings on each animal. Subsequently, their brains are 
dissected to assess the DG microcircuit and its computations. On one hemisphere, we use a novel 
electrophysiological assay in acute brain slices to determine the ability of the DG network to 
perform pattern separation on cortical activity patterns. On the other hemisphere, we employ 
immunohistochemistry to capture the extent of micro-circuit pathologies in DG acute slices such 
as mossy fiber sprouting, aberrant neurogenesis and interneuron loss. 
Preliminary results indicate that non-injected wild-type (WT) mice are able to discriminate 
between a stationary object versus an object moved from its initial position during a first 
exploration. Additionally, in-slice pattern separation assay in WT mice allowed us to show that 
the output spike-trains of single DG output cells are less similar with each other than their 
driving inputs, demonstrating for the first time that the DG performs pattern separation of spike-
trains measured at the level of single DG granule cells. 
Ref: 1. van Hagen, B.T., et al., Behav Brain Res, 2015. 285 
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Abstract: Hippocampus plays a crucial role in associative learning, especially when the task is 
complex. One such task is the trace variant of classical conditioning of the eyeblink response. 
Research on hippocampal electrophysiological activity related to learning trace eyeblink 
conditioning has mainly concentrated on analyzing local-field potentials, namely the occurrence 
of theta oscillations and sharp-wave ripples. Only few studies have examined the activity of 
single neurons and these experiments have been limited to the time of conditioning. To further 
study hippocampal electrophysiological activity that takes place immediately after the learning 
experience, we implanted adult female New Zealand White rabbits with movable silicon probes 
(4 x 8 channels) in the hippocampus. The rabbits were subjected to trace eyeblink conditioning 
using a 200-ms, 5-kHz, 75-dB tone as the conditioned stimulus and a 100-ms airpuff towards the 
eye as an unconditioned stimulus. The trace period was initially 500 ms. When the animal had 
learned to perform an adaptive conditioned eyeblink with this set-up, the trace period was 
lengthened to 1000 ms. Eighty conditioning trials were presented with an intertrial interval 
between 30 to 60 seconds. After each conditioning session, the rabbits were transferred to a cage 
similar to the home cage for an additional 1-hour wireless recording session. No stimuli were 
presented during the wireless recording and the animal was free to move around in the cage. 
Typically, animals would groom and actively move about the cage for some 20 minutes after 
which they settled down to rest. Data from both the conditioning session and the wireless 
recording session were analyzed for the occurrence of sharp-wave ripples, theta and single-unit 
spiking. The results showed robust occurrence of sharp-wave ripples and concurrent spiking of 
pyramidal cells during both the conditioning session and the following cage recording. 

Disclosures:  M.S. Nokia: None. T. Waselius: None. I. Gureviciene: None. A. Lipponen: 
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Title: Exposure to familiar and novel stimuli yields hippocampal BOLD responses for opposite 
contrasts depending on the duration of the habituation to the stimuli: a fMRI study in awake rats 
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Abstract: The specific nature of information processing in the hippocampus (HIP) and its 
precise mechanisms is still poorly understood. We have been the first to report HIP BOLD signal 
in awake rats in relation to a fMRI cognitive paradigm testing for the memory for odors. Within 
this frame, we showed a greater BOLD effect for 'old' odors compared to 'novel' odors (contrast 
old-new) in the hippocampus of rats habituated with the 'old' stimuli for 5 weeks. This pattern is 
consistent with some reports in humans using a similar paradigm. However, other studies also 
reported HIP BOLD responses for the opposite contrast (new-old). We speculated that these 
opposite results might stem from the use of different cognitive strategies for discriminating 'new' 
from 'old' stimuli during the task: either the retrieval of 'old' items or a novelty-based strategy 
(the detection of 'new' stimuli). In animals, extensive habituation to the odor stimuli might favor 
a novelty-based strategy. To test this hypothesis, we investigated HIP BOLD responses in awake 
rats using the same behavioral paradigm, but this time, we extended the period of habituation to 
the odors to 13 weeks. We used a translational human to animal fMRI compatible cognitive task, 
which requires to retrieve/detect 'old' and 'novel' odors. This involved an extensive training of the 
rats in order to minimize stress levels and maximize attention to the stimuli, as well as a head 
fixation surgery. In addition, new hardware such as a 40 odor- olfactometer, a head fixation 
system and an animal carrier had to be developed. During the experiment, a set of familiar and 
novel odors were presented in a block design to awake rats and hippocampal BOLD responses 
were assessed with fMRI. In rats, which were familiarized with the 'old' odors for 13 weeks, 
exposure to familiar and novel odors yielded HIP BOLD signal for the opposite contrast (new-
old) than the one observed, when animals were habituated for 5 weeks to the odors (old-new). 
Our results suggest that the duration of the familiarization to the stimuli might indeed affect the 
cognitive processes at state during the task and consequently the specific type of information 
processed in the HIP. These findings might help explaining the discrepancy existing in the 
literature in humans and showed this translational approach to be a valuable tool for contributing 
in solving major debates in human memory research. 
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Abstract: It is well known that activity in the rat hippocampus is influenced by the rats’ position 
in space informed by external cues in the environment. However several studies have now shown 
that the hippocampus is able to internally generate patterned activity in the absence of changing 
external cues (Pastalkova 2008, MacDonald 2011 and 2013). To further our understanding of the 
relationship between activity in the hippocampus and memory, we have recorded internally 
generated activity in the hippocampus of rats while they perform a modified version of the W-
Track alternation task (Frank, Brown and Wilson 2000, Kim and Frank 2009) that we are calling 
the three arm delayed sequence task. We found context dependent activity during the delay 
period was sufficient to differentiate the different arm trajectories. Furthermore in contrast to 
previous studies we found that analysis of correct and error trials revealed activity in the delay 
period was entirely retrospective. Thus internally generated hippocampal activity can reflect 
previous actions of animals, a signature of episodic memory. 
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Abstract: Cell type diversity arises during development and represents the available repertoire 
of neuronal behaviors which enables variable functions in different brain regions. So far, cell 
diversity in the hippocampus was mainly addressed in GABAergic cells. In contrast, only few 
studies addressed the glutamatergic CA1 pyramidal cell diversity arising from developmental 
and genetic parameters leading to functional and morphological differences (Graves 2012, 
Cembrowski 2016). We aim at understanding the relationship between the developmental 
temporal origin of glutamatergic neurons and their recruitment into behaviorally-relevant 
network dynamics and assemblies. Using an inducible genetic fate mapping approach, we are 
able to label neurons depending on their embryonic birth date. We use calcium imaging 
(GCaMP6-M) to monitor neuronal activity in head-fixed mouse voluntarily running on a cued or 
an un-cued treadmill using a 2-photon microscope. Monitoring hundreds of neurons in the dorsal 
hippocampus, we found repetitive assembly pattern and analyzed their developmental and spatial 
distribution during typical behaviorally relevant network oscillations e.g. theta-nested gamma 
and sharp wave ripples. Further on, we compare the assembly structure between minimal or 
location-specific external inputs. Additionally, we have probed the co-occurrence of calcium-
related neuronal activity and the electrophysiological signature of the network oscillations using 
a contra-laterally implanted field electrode. In this way, we investigate the functional 
organization of neurons born at different embryonic time-points during physiological network 
oscillations and provide insights into how developmental origin shapes the functional 
organization of hippocampal microcircuits. 
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Title: Hippocampal-prefrontal interaction during original task learning and relearning 
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Abstract: We often recall remote memory by using the current information as a hint. This must 
deal with both the current information and the past information and require activities of some 
brain regions, e.g. hippocampus (HPC) and prefrontal cortex (PFC). There are a lot of studies 
reporting that these two regions are involved in memory consolidation and retrieval. A previous 
study showed that the correlation between HPC and PFC activities are enhanced when the rats 
retain memory and it is significant for the memory consolidation to send information from HPC 
to PFC. There is also a hypothesis that inputs from PFC to HPC are important in memory 
retrieval. Moreover, it is thought that HPC is engaged in comparing newer information with 
older information. However, it remains unclear how HPC and PFC are involved in retrieval of 
remote memory. Therefore we investigated neural activities of these two regions when rats were 
performing tasks in which they were recalling remote memory. We used two different tasks 
(task-A and task-B) which were interfered to each other. In both tasks, light was presented at the 
right or left hole randomly. In task-A, rats had to choose the right or left hole alternately 
regardless of the light. In task-B, they had to choose the hole at which light was presented. First, 
they performed task-A until they had learned it almost completely. Next, they learned task-B, 
and finally they performed task-A again. When they executed task-A for the second time, they 
presumably recalled the information about task-A that they had performed for the first time and 
could learn the second task-A faster. We recorded neuronal activities and LFPs from HPC and 
PFC simultaneously when the rats were performing task-A for the first and second times in order 
to explore neural mechanisms underlying retrieval of remote memory. We report the preliminary 
data which suggests the possibility that HPC-PFC interaction changes between original task 
learning and relearning. 
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Abstract: Dorsal hippocampal neurons have spatial firing fields that contain information about 
the rat's location in space (O'Keefe and Dostrovsky 1971). The resolution of the spatial 
information gradually declines towards the ventral pole of the hippocampus (Kjelstrup et al 
2008). We asked if non-spatial firing correlates are more prominent in ventral hippocampal 
neurons than in dorsal. To answer this question, we have used a place preference task where the 
emotional significance of an environment (recording arena) could be changed while leaving the 
visuo-spatial cues constant. Long-Evans rats were exposed to different predator odors in a 
custom-made environment (a 70x70cm box divided into two compartments). Odor was delivered 
to one of the compartments either by a closed ventilation system or by replacing the floor mat 
with an identical mat coated with the predator urine. Emotional significance was measured both 
behaviorally (e.g. avoidance and freezing) and as changes in serum corticosterone levels. 
Predator odor caused rats to avoid the exposure compartment when retested 3 to 48 hours later, 
while neutral odors did not cause any change in compartment preference. Our results show that 
the initial stress response during exposure and successful context conditioning was dependent on 
delivery method, predator species and delay interval. 
We then used the same setup for recording hippocampal single units before, during and after 
exposure to predator odors. The odor exposure caused remapping in the dorsal hippocampus 
during 30 minutes of exposure to the aversive odors, but not to neutral. Preliminary results from 
ventral neurons showed minor changes in firing properties. These results suggest that emotional 
non-spatial information is encoded by hippocampal single units, consistent with the findings of 
Wang et al (2012 and 2015). 
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Abstract: The entorhinal cortex, with connections to the hippocampus, amygdala, and 
neocortex, is emerging as a critical, yet still underexplored, contributor to fear memory. Previous 
research looking at this structure has not only shown it plays a role in fear memory, but also that 
there may be heterogeneity of function among its two subregions: lateral entorhinal cortex (LEC) 
and medial entorhinal cortex (MEC). However, it is not well established what potentially unique 
roles these subregions of the entorhinal cortex serve as the literature has shown mixed results 
depending on target of manipulation and type of conditioning used. Furthermore, there have been 
relatively few studies manipulating both the LEC and MEC within the same experiment. In this 
experiment, Long-Evans rats were trained using either trace or delay fear conditioning. For trace 
conditioning, rats received 10 tone-shock pairings separated by a 28s trace interval. For delay 
conditioning, rats received 3 tone-shock pairings in which the tone and shock coterminated. The 
following day rats underwent intracranial surgery and received an NMDA-induced lesion to the 
LEC or MEC or received a sham surgery. After 7 days of recovery, rats were then given an 8-
minute context test in the original context. The next day rats were tested for tone freezing in a 
novel context with three tone presentations. Finally, rats were tested for hyperactivity in an open 
field. Following either LEC or MEC lesions, freezing to context was significantly reduced in 
both trace and delay conditioned rats. Similarly, both LEC and MEC lesions appear to have 
produced a deficit in freezing for trace conditioned rats, but only LEC lesions produced a deficit 
in delay conditioned rats. Additionally, only LEC-lesioned rats showed a deficit in freezing 
during the trace interval. These data support the idea that the subregions of the entorhinal cortex 
play different roles in the expression of fear memory. 
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Abstract: The hippocampus is critical for converting novel experiences of places and events into 
long-term memories. To investigate the mechanisms underlying spatial learning, we compared 
intracellular features of dorsal CA1 activity in head-fixed mice exploring novel and familiar 
visual-based virtual reality (VR) environments. Consistent with previous extracellular studies in 
freely-moving rodents, new representations in VR were characterized by location-tuned place 
cell activity that appeared immediately upon exposure to novel environments, and also displayed 
higher firing rates compared to familiar environments. Unexpectedly, the novelty-induced 
increase in activity could not be explained by changes in either baseline (resting) membrane 
potential or somatic excitability. Instead, exploration of novel environments induced rapid 
increases in the amplitude of spatially tuned depolarizations (i.e., inputs to place fields) that 
drove increased spiking, high frequency bursting, and intracellular complex spike occurrence - 
signals which can induce synaptic plasticity. Furthermore, we observed that the subthreshold 
inputs across the entire extent of the environment became more spatially tuned with increasing 
experience (i.e., more similar across repeated traversals), reflecting learning of the new context. 
Thus, these signals may engage plasticity mechanisms that stabilize spatial representations for 
long-term storage. These findings provide a detailed description of spatial learning at the cellular 
level and should lead to new models of hippocampal memory formation. 
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Abstract: The hippocampal CA3 region is critical for learning and memory. Although CA3 is 
classically viewed as a homogeneous functional unit, recent results from genomic, behavioral 
and place cell recording studies have provided strong evidence for a functional segregation along 
the CA3-to-CA2 proximo-distal transverse axis. Here we used electrophysiological recordings 
and optogenetics to systemically examine the heterogeneity of intrinsic membrane excitability, 
mossy fiber (MF) innervation, recurrent connectivity, and direct entorhinal cortical excitation 
across the CA3-to-CA2 transverse axis in acute mouse hippocampal slices. First, we found a 
pronounced gradient of intrinsic membrane excitability along the CA3-to-CA2 transverse axis. 
CA3c (near the dentate gyrus (DG)) exhibits the greatest input resistance (4-5 times greater than 
CA2) and fires more spikes in response to constant somatic current injection, followed by CA3b, 
whereas CA2 has the lowest input resistance and is least excitable. The proximo-distal gradient 
of decreasing excitability is, in part, accounted for by an increasing gradient of Ih. Thus, CA2 
expresses the largest Ih, followed by CA3a, whereas CA3c has the lowest Ih. Next, we crossed 
ROSA26-CAG-STOP-floxed-ChR2-EYFP with POMC-Cre mice to selectively express 
Channelrhodopsin2 (ChR2) in DG granule cells, which allowed us to assess the strength of MF 
innervation. There was a decreasing proximo-distal gradient of MF responses, with the light-
evoked EPSC significantly greater in CA3c compared to CA3a. Although CA2 does exhibit a 
light-evoked EPSC, the response is 8-fold smaller than that observed in neighboring CA3a. 
Furthermore, we found that CA3 and CA2 subregions are differentially excited by the CA3 
recurrent collaterals. As a result of a differential excitation to inhibition ratio, CA3b receives the 
greatest net excitation in response to recurrent collateral stimulation compared to the other 
subregions. Finally, we observed an increasing gradient of direct cortical excitation, with CA2 
receiving the strongest direct input and CA3c the weakest. Taken together, our findings 
demonstrate distinct functional gradients of intrinsic and extrinsic properties along the CA3-to-
CA2 transverse axis. The heterogeneity of intrinsic membrane excitability and functional 



innervation by DG, recurrent collaterals, and entorhinal cortical input along the CA3-to-CA2 
transverse axis implies that these subregions may be differentially involved in pattern separation 
and pattern completion during memory storage and recall. 
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Title: Situation code in the lateral entorhinal cortex 
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Abstract: The entorhinal cortex is one of the brain structures thought to be responsible for the 
highest levels of sensory processing, representing abstract environmental information and 
relationships. Whereas much of neurophysiological research has focused on understanding how 
the medial entorhinal cortex integrates spatial information, little is known about the integration 
of non-spatial features of an animal’s situation and the specific contribution of the lateral 
entorhinal cortex (LEC) in this process. We examined the coding properties of neuron 
populations in the LEC by recording single neuron activity while rats were trained in an 
associative learning paradigm under a variety of conditions. Each training session contained 
three epochs of 70 trials. During the first 20 trials in each epoch, a neutral stimulus (CS) was 
presented alone; during the subsequent 50 trials, the CS was followed by an electric stimulation 
to the eyelid (US), separated by a 500-ms (trace) interval. The inter-trial interval (ITI) varied 
between 20 and 40 s. The three epochs differed in either modality of the CS (light or sound) or 
conditioning chamber (i.e., spatial context), thereby allowing us to examine, within a total of six 
separate combinations, LEC representation of CS type, CS-US association, and the space in 



which it was presented. We found that neurons not only responded to the stimuli and trace 
interval, but were also active during the ITI, and this activity differed between the epochs. 
Approximately 40% of the LEC cells showed differential firing during the ITI across all 
conditions, indicating selectivity for at least one of the three information types. Most of these 
neurons were selective for a single combination of the paradigm variables. Ensemble decoding 
analyses showed that the selectivity for CS modality and conditioning chamber during ITIs was 
stronger than that for the CS-US relationship, and this selectivity was stable for the duration of 
the ITI. In contrast, selectivity for the CS-US relationship was strongest during the CS and trace 
interval and decreased during the ITI. Selectivity for epoch was higher during ITIs that preceded 
trials in which the rats expressed conditioned responses (CR) compared to the trials without CR 
expression. This suggests that these discrete representations of past stimulus exposures in the 
LEC may serve as an occasion setter for an adaptive response to the upcoming CS. Our findings 
indicate that the LEC carries representations that depend upon the animals’ history of experience 
in a given environment, thereby building contextual representations based on non-spatial 
features. 
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Title: Cellular network underlying enkephalin release in area CA2 of the hippocampus 
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Abstract: The long-overlooked area CA2 is emerging as an important region for hippocampal 
memory formation. Area CA2 has been shown to be critical for social memory formation (Hitti 
and Siegelbaum 2014; Stevenson and Caldwell 2014), aggressive behavior (Pagani et al., 2014) 



and appears to play an important role in detecting discrepancies between memory-driven and 
current sensory information converging on the hippocampus (Wintzer et al., 2014). 
Furthermore it has been previously reported that in area CA2, a powerful inhibitory transmission 
prevent CA3 inputs from driving CA2 neurons. Moreover, this highly plastic inhibition 
undergoes a long-term depression (iLTD) at parvalbumin-expressing (PV+) interneuron synapses 
and is strictly dependent on delta-opioïd receptor (DOR) activation (Nasrallah et al., 2015; 
Piskorowski et al., 2013). However, the cellular network required to induce the release of 
enkephalin, the endogenous DOR ligand, during increased neural activity is unknown. Our first 
goal is to determine if the source of enkephalin is intra- or extrahippocampal. 
Using electrophysiology, optogenetics and confocal imaging, we are examining the cells 
populations that release enkephalin and determining how these cells are activated. We performed 
patch-clamp recordings of CA2 pyramidal neurons in acute hippocampal slices and used 
optogenetics to selectively evoke inhibitory post-synaptic currents (IPSCs) from PV+ 
interneurons. We found that the selective activation of PV+ interneurons expressing 
Channelrhodopsin was not sufficient to induce iLTD, suggesting that a separate population of 
cells is releasing enkephalin. Furthermore, using a similar strategy to selectively excite only CA3 
inputs to area CA2, we found that a 10 Hz photostimulation of these axons was sufficient to 
evoke iLTD of inhibitory transmission. Thus, enkephalin is being released by a hippocampal 
source that receives excitatory input from CA3. We plan to further examine this micro-circuit 
and its significance for memory formation. 
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Abstract: Remembering and forgetting are coupled phenomena both necessary to guarantee 
appropriate encoding and retention of experiences. We identified transcription factors (TFs) 
activated by stimulation that induces late LTP at Schaffer collateral (SC)-CA1 synapses in rat 
hippocampal slices by using a protein-DNA binding array and found among others Wilm’s 
Tumor 1 (WT1), a transcriptional repressor also involved in mRNA translation. After reducing 
hippocampal WT1 activity in rats by injection of WT1 antisense, and in transgenic mice by 
expressing non-functional WT1, weak HFS at the SC-CA1 synapses was able to induce 
persistent LTP, suggesting that WT1 acts normally as a plasticity suppressor. We identified 
WT1-regulated genes through mRNA-seq and RT-PCR and found members of the chemokine 
and interleukin superfamilies, as well as IGF2, a known target of WT1. Antagonists of the CCL2 
and IGF2 receptors prevented WT1 knockdown from enhancing LTP, suggesting that through 
the synthesis of multiple diffusible molecules WT1 controls synaptic plasticity at the circuit 
level. Since induction of LTP by stimulation of SC-CA1 synapses is enhanced by activity in the 
temporoammonic (TA) input to CA1, and hippocampal LTM requires TA input, we asked if 
knockdown of WT1 might facilitate LTP by freeing CA1 neurons from this dual pathway 
requirement. When WT1 was knocked down in CA1, activation of the TA pathway was no 
longer necessary for LTP induction, nor did it enhance LTP produced by SC stimulation alone, 
suggesting that WT1 disrupts the normal corticohippocampal circuit-level regulation of LTP. In 
behavioral experiments, loss of WT1 function significantly enhanced long-term memory (LTM) 
in two different hippocampus-dependent tasks [CFC and novel object placement (NOP)] but 
when trained in a two-task sequential learning protocol (NOP training, followed 48 h later by 
CFC training), transgenic mice showed enhanced LTM for NOP but impaired LTM for the 
subsequent CFC; however, if CFC training was delayed 10 days after NOP training, LTM for 
CFC was normal, supporting the hypothesis that WT1 actively suppresses plasticity for a limited 
period after training, thus preserving the ability of the hippocampus to encode LTM for discrete 
tasks. Our data indicate that the ability of the hippocampus to repeatedly encode new memories 
requires a period of plasticity suppression that is transcriptionally regulated, and show that WT1 
plays an important role in this systems-level function. Such a complex interplay of pro- and anti-
plasticity mechanisms could contribute to learning disorders, including autism and post-
traumatic stress disorder. 
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Abstract: Dentate gyrus granule cells provide powerful feedforward excitatory drive onto a local 
circuit of CA3 pyramidal cells and inhibitory interneurons, and is believed to selectively activate 
subsets of pyramidal cells in the CA3 recurrent network for encoding and recall of memories. 
Cholinergic receptors provide a key means to modulate this circuit, increasing cellular 
excitability and altering synaptic release, but the combined action of these changes on 
information processing between the dentate gyrus and CA3 remains unknown. We recorded 
evoked monosynaptic EPSCs and disynaptic IPSCs in CA3 pyramidal cells in response to a 
range of frequencies and stimulation patterns and in the presence and absence of cholinergic 
agonists. The short-term plasticity dynamics of these responses were used to constrain a 
computational model of mossy fibre driven transmission. This model was then used to analyse 
how a single cell model of CA3 pyramidal cells driven by constant dendritic current is perturbed 
by excitatory and inhibitory synaptic input. We show how the timing, frequency, and excitatory-
inhibitory balance of mossy fibre input influences the activation of CA3 pyramidal by granule 
cell bursts, and how the presence of acetylcholine is represented in this space. We then use a 
spiking network model of CA3 to study encoding and recall of neuronal ensembles driven by 
mossy fibre input. We find that modification of mossy fibre short term plasticity by acetylcholine 
alters the balance between encoding and recall. This analysis provides insights into how the 
dynamics of mossy fibre driven activity affect the function of the CA3 network and how this is 
modulated by cholinergic input. 

Disclosures:  L.Y. Prince: None. J.R. Mellor: None. 



Poster 

640. Learning, Remembering, and Forgetting 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 640.18/JJJ44 

Topic: H.01. Animal Cognition and Behavior 

Support: NIH R15 AREA Award 1R15AG045820-01A1 

Title: Validation of an adapted barnes maze for juvenile rats 

Authors: *A. M. BEHSUDI1, D. G. MCHAIL1, N. VALIBEIGI1, T. C. DUMAS2;  
2Mol. Neurosci. Department, Krasnow Inst. for Advanced Study, 1George Mason Univ., Fairfax, 
VA 

Abstract: The purpose of the current project is to develop a behavior task for juvenile rats that is 
compatible with in vivo electrophysiology to assess the neural bases of goal-directed spatial 
navigation. Most goal-directed spatial learning and memory tasks involve extended training or 
are performed in water mazes. Multi-day training tasks are inappropriate for developmental 
studies if the aim is to identify milestone ages for specific cognitive abilities. Water mazes have 
proven informative but, as always, are subject to contamination by stress and are not compatible 
with in vivo electrophysiology. In order to overcome these obstacles, we adapted the Barnes 
maze task for juvenile rats. Relative to the adult Barnes maze, the platform diameter and the 
number of escape holes were reduced. Long-Evans rats were exposed to the maze beginning at 
postnatal day (P) 17 or P22. Testing occurred across four days. On Day 1, animals were exposed 
to the platform in dim light without an escape box for fifteen minutes to get the animals to 
explore the entire platform. This phase is necessary to map hippocampal place cells prior to the 
learning and memory phases. On Days 2 and 3, animals were trained in bright light conditions to 
find a stationary escape box. On Day 4, a single probe trial was performed in bright lighting 
without an escape box present. We found that on Day 1, animals at both testing ages explored the 
entire platform. On Days 2 and 3 of testing animals of both age groups showed similar 
reductions in escape latencies across training blocks, with the older group being slightly quicker. 
On Day 4, subjects from both age groups exhibited similar dwell times near the escape location 
and distance to platform measures (1 Hz sampling rate). We have shown that the Barnes Maze 
can be adapted for use with juvenile rats. This project will allow for better understanding of the 
development of the hippocampus in a mammalian model by creating a goal-dependent task (by 
having a specific location for the rats to learn and remember) that is compatible with in vivo 
electrophysiology. Findings from the proposed studies will have implications for understanding, 
and perhaps even treating, brain injuries and several neurocognitive disorders including epilepsy, 
Alzheimer’s disease, and autism spectrum disorders. 
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Abstract: Here in, we investigated the underlying neuroprotective mechanism of melatonin 
against D-galactose-induced memory and synaptic dysfunction, increased reactive oxygen 
species (ROS), neuroinflammation and neurodegeneration. D-galactose was administered (100 
mg/kg intraperitoneally (i.p)) for 60 days. After 30 days of D-galactose administration, vehicle or 
melatonin (10 mg/kg, i.p) was administered for 30 days. Morris water maze and Y-maze results 
indicated that chronic melatonin treatment attenuated D-galactose-induced memory deficits. In 
addition, melatonin reversed D-galactose-induced synaptic disorder via increasing the level of 
pre-and post synaptic protein markers. We also determined that melatonin enhances memory 
function in the D-galactose-treated mice possibly via reduction of elevated ROS and receptor for 
advanced glycation end products (RAGE). Furthermore, Western blot and morphological results 
showed that melatonin remarkably ameliorated D-galactose-induced neuroinflammation through 
inhibition of gliosis and decreasing other inflammatory mediators like p-IKKβ, p-NF-KB65, 
COX2, NOS2, IL-1β and TNFα. Moreover, melatonin reduced the oxidative stress kinase p-JNK 
which reduced various apoptotic markers, i.e. cytochrome C, caspase-9, caspase-3 and PARP-1, 
and prevent neurodegeneration. Hence, melatonin rescued the D-galactose-induced 
memory/synaptic dysfunctions, neuroinflammation and neurodegeneration possibly via 
RAGE/NF-KB/JNK signaling. Together, our data we suggest that melatonin could be a 
promising, safe and endogenous compatible antioxidant candidate for age associated 
neurodegenerative disorders. 
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Abstract: Central to the “cognitive map” hypothesis is that the collective output of hippocampal 
place cells provides the rat with “self-localization” information. That is, the composite firing of 
all place cells accurately points to a location in the environment. Using behavioral techniques we 
investigated rats’ ability to self-localize in a large apparatus where floor marks were removed by 
floor cleaning and regular floor rotations. 
In an earlier study we described a “spatial accuracy” task, where rats rewarded with a dropped 
food pellet for pausing in the region of an unmarked goal1. Here we describe an update, using 
new tracking-and-reward procedures and a much larger (6ft diameter) cylindrical chamber. 
Rats were pre-trained in 5-min trials to pause above a goal marker for food rewards. After a 2-
hour break, the animals were tested with no marker to see if their pauses (choices) clustered near 
the goal location. Unmarked trials are run under reward and no-reward conditions. The goal 
location was changed daily. Initial results indicate that most rats learn this procedure and show a 
tight locus of pauses when the marker is present and a variably-tight scatter when the marker is 
not present. Two error measures were obtained: the distance the goal to the center of pauses 
(centroid), and the standard deviation of pauses from the pause center. In addition, for each trial 
we analyzed the paths a rat takes to approach a pause. The overall finding is that, by both 
measures, there is appreciable self-localization error. In addition, self-localization is more 
accurate near landmarks and boundaries (apparatus walls) than near the center of the chamber. 
Finally, on unmarked trials self localization appears to improve as the trial progresses, even 
without rewards. 
––– 
1 Kubie,et al 2007 Behavioral Neuroscience, Vol 121(4), 751-763 
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Abstract: Emerging evidence suggests that the hippocampus is functionally dissociable along 
both its septotemporal and transverse axes. Activity-related cytoskeletal protein (Arc) has 
previously been shown to be tightly linked to the induction of neuronal plasticity, is expressed 
within hippocampal subfields, and has been implicated as a biomarker of learning. We have 
recently shown that trace fear conditioning enhances Arc protein levels, and that both trace 
conditioning and the associated learning-related enhancement of Arc can be blocked by infusing 



either Arc antisense oligodeoxynucleotides (ODNs) or the NMDA receptor antagonist APV into 
the dorsal or ventral hippocampus prior to training. Thus while NMDAr-dependent Arc 
expression in both dorsal and ventral hippocampus appear to be critically involved in the 
acquisition of trace fear conditioning, the extent to which Arc is differentially expressed within 
the discrete subfields of the hippocampus following learning has yet to be fully characterized. 
Using traditional immunohistochemical methods, we have recently found that both exposure to a 
novel context and trace fear conditioning enhanced Arc expression relative to untrained control 
subjects; we also found that 10 days of pre-exposure to the conditioning context resulted in a 
marked latent inhibition of context learning, which was accompanied by a prevention of context 
exposure-induced Arc expression. In the present study, subjects were trained in trace fear 
conditioning in either a familiar (pre-exposed) context or a novel context. Arc protein expression 
following training was significantly higher in CA3 relative to CA1 in the dorsal hippocampus, 
whereas expression was notably greater in CA1 relative to CA3 in ventral hippocampus, but this 
enhanced expression was independent of context novelty. Interestingly, Arc protein expression 
following context testing in the original training context was enhanced in subjects that had been 
pre-exposed to that context, most notably in ventral CA1, even though these subjects 
demonstrated significantly less of the conditioned response. The implications for the ways in 
which learning is best characterized in a latent inhibition task and the extent to which Arc 
expression serves as a biomarker for learning and synaptic plasticity within hippocampal 
subregions will be discussed. 
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Abstract: Proper cognitive function requires specific molecular and cellular mechanisms that 
allow for proper gene expression and circuitry physiology. Control of protein synthesis by 
mRNA binding proteins represents a major mechanism for regulating protein abundance and 



site-specific localization of proteins that underlie synaptic plasticity and cognitive function. We 
recently discovered that a member of the Fragile X family of proteins, Fragile-X related protein 
(FXR1P), associates with protein synthesis machinery in neuronal dendrites and plays an 
important role in limiting late-phase long-term potentiation (L-LTP) and long-term memory 
recall. Specifically, conditional deletion of FXR1P from the postnatal forebrain enhanced 
hippocampal L-LTP and improved spatial memory recall (Cook, Nuro et al., Cell Reports 2014). 
Furthermore, loss of FXR1P increased translation of the mRNA encoding the AMPA receptor 
subunit GluA2. Interestingly, our findings revealed a divergence in the function of the Fragile X 
family of proteins whereby FXR1P represses the translation of GluA2 via its 5’UTR, FXR2P 
promotes the translation of GluA2 mRNA via its 5’ and 3’UTR, while FMRP has no effect. We 
are currently following up on these results to further dissect the molecular mechanisms involved. 
Furthermore, using in vivo tools such as in utero electroporation in mice, we are studying the 
vivo localization of FXR1P in CA1 pyramidal cells of the hippocampus and its relationship to 
GluA2 protein at excitatory synapses. Future studies will also determine if and how FXR1P may 
be related to CNS disorders associated with cognitive and intellectual disability. 
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Title: Acquisition dependent influence of mental schema on problem solving in mice 
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Abstract: Memories of related events and facts are stored in form of neocortical associative 
networks (mental Schema) and they help in rapid consolidation of new memories that are similar 



in character. Although neocortex is shown to be involved, it is not clear if this is true for learning 
larger sets of information with content richness similar to the initial schema. In order to address 
this we trained animals to learn same sets of flavour place associations(paired associates) in three 
different ways viz., i) Solitary Learning: Two sets of association are presented independently one 
after the other ii) Relational Learning: Second set is presented in relation to first set and iii) 
Incremental Learning: The paired associates are presented in small steps. We find that only the 
animals that underwent relational learning were able to acquire both set of associations. Both the 
solitary group as well as the incremental group were unable to learn all the associations in its 
entirety. Comparing the three groups we show that older memories help in acquisition of new 
memories only if presented in a relational manner. We hypothesise and show that these 
interactions amongst memories can bias the animal’s ability to solve problems derived from prior 
knowledge. 
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Abstract: The entorhinal cortex (EC) is a major input and output structure of the hippocampal 
formation, entertaining the role of the nodal point of cortico-hippocampal circuits. The findings 
of the grid cells in all layers of the EC and recent studies on the functions of EC inputs to the 
hippocampal CA1 indicate that each layer of the EC play a unique role in spatial representation 
and episodic memory processing. However, it is still unknown that how the grid formation is 
generated and the position of an animal is computed within the EC circuits. Furthermore, due to 
technical limitations, we have a limited understanding of whether or how the different sources of 



inputs to EC layers are distributed with different strengths on cells in each layer, which may be 
essential for a mechanistic understanding of functional circuit operations in the EC. To map an 
intrinsic organization between EC layers and identify specific sets of inputs to these layers, we 
employed genetically modified and monosynaptically restricted rabies tracing methods in 
combination with multiple transgenic mouse lines in which Cre recombinase expression is 
confined to a specific layer of the EC. We found that superficial layers (II-island and III) in 
dorsal EC receive a similar pattern of inputs from the anterior dorsal thalamus and subcortical 
neuromodulatory systems including cholinergic projections from the medial septum and 
serotoninergic inputs from the median raphe nucleus. Furthermore, within the entorhinal-
hippocampal circuits, we found that EC layer III receives extensive inputs from entire CA1, 
whereas layer II receives inputs from proximal CA1 and CA2. These findings are contradicting 
the notion that CA1 pyramidal cells mainly connect to deeper layer (V) of the EC, which 
subsequently connects to upper layers (II and III) of the EC. These differences probably reflect 
different functions of these cortical layers in mediating spatial and temporal information 
processes. Our results will provide a foundation of further functional dissection of the entorhinal-
hippocampal circuits. 
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Abstract: Claims regarding the functions of regions within the hippocampal formation are 
touted without clear definitions or experimental justification. For example, it is often taken for 
granted that the Dentate Gyrus (DG) performs pattern separation; the CA3 is auto-associative 
memory; and the CA1 forms a comparator. However, there are few mathematically rigorous 
models supporting the methods by which these functions are accomplished, and these theoretical 
frameworks often fail to fully explain experimental observations of the hippocampus, such as the 



presence of adult-born granule cells in the DG or the dynamics of place cell ensembles in the 
CA3 and CA1. One of the affirmative examples is the formal modular code used by Fiete and 
colleagues to describe grid cell activity in mEC, one of the principle input regions to the 
hippocampus. The development of the equivalent for hippocampal regions like the DG and CA3 
may provide a stronger theoretical footing upon which we can frame experimental results, and 
here, we introduce mathematically rigorous frameworks for these two areas. Our DG model 
provides provable pattern separation via a closed form, static sparse coding. We begin with an 
abstract formulation and generalize to a more advanced model. This allows us to incorporate 
constrained input patterns and mixed coding reflecting adult neurogenesis. We also discuss a 
method to formally embed more conventional DG models within our framework. For CA3, a 
region often approximated as a straightforward Hopfield-like attractor network, we instead 
consider a dynamical approach leveraging non-stationary limit cycles. Specifically, we formalize 
CA3 as a family of dynamical systems where information is coded in stable, non-fixed-point 
orbits. One key advantage of this approach is that it provides a mechanism by which contextual 
inputs can gracefully change the way in which memories are formed and retrieved. Only one 
system is expressed in any given context, but the concept of neuromodulation provides a method 
for global transitions between these systems via topological conjugacy. While these 
mathematical frameworks for considering the hippocampus do not challenge the conventional 
wisdom regarding high level hippocampal function, they seek to formalize the processes through 
heretofore never considered mechanisms. 
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Abstract: Several lines of research have established that the hippocampus is involved in learning 
and memory processes, and these processes are developed through structural and physiological 
changes of the neural systems. Morphological changes in the brain in response to cognitive 



training and environmental stimulation have been mainly obtained from male rats. According to 
this, the aim of this study was to determine if there are sexual dimorphism in neuronal plasticity 
of dorsal hippocampus after cognitive activity. Long Evans female and male rats (n=8 per sex) 
were used to perform four cognitive tests, which were locomotor activity in open field, Morris 
water maze, Barnes circular maze and object recognition task. In order to observe the effects of 
the cognitive tests, we compared the morphology of the apical and basolateral dendritic 
arborization, as well as density of dendritic spines of CA1 and CA3 regions of the dorsal 
hippocampus of rats that performed the tests vs. control rats. The dendritic morphology was 
measured using the Golgi-Cox procedure followed by a Sholl analysis. Both, female rats and 
male rats performed similarly in all tests, but female rats were hiperactive in locomotor activity. 
The morphology analysis, showed increases in the apical arborization of CA1 neurons, and 
increases in the density of dendritic spines of the apical and basolateral arborization of CA1 
neurons and CA3 by cognitive activity effect. These results can be related with the patterns of 
connection that receives each neuronal type and the role played by each structure in the 
processing of the information. The performance of cognitive tests favors the increment in the 
dendritic arborization of CA1 region as well as the increase in the density of dendritic spines of 
CA1 and CA3 hippocampal regions without showing signs of sexual dimorphism. 
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Abstract: It is well established that exposure to alcohol during development leads to alterations 
in neurogenesis and deficits in hippocampal-dependent learning and memory. Recent evidence 
suggests that even more moderate alcohol consumption during pregnancy can have negative 
impacts on the cognitive function of offspring in the absence of hallmark morphological defects. 



However, methods for assessing impairments differ greatly across species, making it difficult to 
translate preclinical findings into potential therapeutic avenues. We have recently demonstrated 
the utility of a touch-screen operant measure for assessing hippocampal function in mice. Here, 
we integrated a well-established ‘drinking in the dark’ exposure model that produces reliable, but 
more moderate, levels of maternal intoxication (daily dam BAC ~85 mg/dL) with a touch-screen 
based trial unique, delayed nonmatching-to-location (TUNL) task to examine the effects of PAE 
on hippocampal-sensitive behavior directly analogous to those used in clinical assessment. 
Briefly, PAE and SAC offspring mice were trained to touch a single visual stimulus (“sample 
phase”) in one of 10 possible spatial locations (2x5 grid) in a touch-screen operant system. After 
a delay, animals were simultaneously presented with the original stimulus and a rewarded 
stimulus in a novel location (“choice phase”). Separate cohorts of PAE and saccharin (SAC) 
control mice were trained on different distinct progressions of difficulty. We found that PAE 
mice were able to attain performance similar to SAC control mice at progressively more difficult 
separations. In addition, training initially on decreased separations and then progressing to 
farther separations revealed differences in performance by PAE mice. Current studies are 
investigating alterations in neurogenesis in PAE that may drive deficits seen on the TUNL task 
and examining online neuronal correlates of behavior during distinct phases of pattern separation 
learning. 
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Abstract: Growth hormone (GH) is a neuromodulator involved in cognitive deficits of ageing 
and endocrine disturbances (Nyberg and Hallberg 2013). Several studies have shown that 
systemic elevation of ghrelin or GH is beneficial for learning and memory (e.g. Diano et al., 



2006), however the main target areas of the brain and mechanisms of action are yet to be 
determined. We have altered GH levels selectively in the hippocampus of male Long Evans rats 
and investigated the effects on memory performance. The dorsal hippocampus was transfected 
with recombinant adeno-associated virus (AAV) expressing either GH, GH-antagonist (GHA) or 
green fluorescent protein (GFP) only. These animals with chronic intrahippocampal GH overload 
or deficit were subsequently tested in hippocampus-dependent memory tasks, such as the water 
maze and object displacement tasks. Our findings show that the GH levels affected memory in a 
dose-dependent manner. Preliminary results indicate that a proportion of the animals expressing 
high GH levels exhibited impaired spatial memory in the water maze task. Histological analysis 
revealed cell death in the transfected areas of some animals, probably caused by hyperexcitation 
in the affected neurons. In contrast, animals with no tissue damage, but still increased GH levels, 
displayed significantly better memory in an object displacement task. Furthermore, the memory 
performance of rats with high levels of GHA did not differ significantly from the control rats. To 
conclude, these preliminary results indicate that GH levels in the hippocampus are important for 
plasticity and modulate spatial memory performance in rats. Very high levels of GH may lead to 
hyperexcitation and eventually cell death, consistent with the view that GH facilitates long-term 
potentiation by increasing synaptic density. A slightly elevated GH level in dorsal hippocampus 
may improve cognitive performance and memory. 
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Title: The contribution of hippocampal oxytocin receptors to social memory processing 
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Abstract: The trisynaptic hippocampal pathway dentate gyrus (DG) DG-CA3-CA1 plays a 
critical role in processing contextual information and object recognition. Recent studies suggest a 
role for the CA2/3 subregions in processing social memories, raising the question of whether and 
how the same hippocampal sub-regions process social and object information. Here, we used 
optogenetic terminal specific silencing and identified roles for distinct CA2/3 outputs in 
discrimination of objects and social stimuli. This double dissociation suggests that CA2/3 
segregates social and object information to appropriate downstream targets through distinct 
neural pathways. Based on the enrichment of receptors for the social hormone oxytocin 
(Oxytocin receptors, Oxtr) in the CA2/3 subregions and dorsolateral septum but not in CA1, we 
hypothesized that oxytocin signaling in CA2/3 plays a critical role in processing social 
memories. In order to determine the necessity of oxytocin receptor signaling in CA2/3 in social 
memory, we injected AAV Cre recombinase into the CA2/3 subregion of Oxtr conditional 
knockout mice. Knocking out oxytocin receptors in CA2/3 produced a strong deficit in social 
memory processing, with no effect on object recognition. We are currently investigating the 
neural mechanisms by which Oxtr signaling in CA3 impacts social memory processing. 
Together, these studies begin to illuminate how an ancient neuromodulatory hormone, oxytocin, 
utilizes a basic memory processing circuit scaffold in the hippocampus to guide social behavior. 
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Abstract: Associative learning and memory are essential for the cognitions. The structural and 
functional plasticity of the synapses and neurons are presumably associated to learning. It 
remains unclear about the natures and recruitment of associative memory cells that accept, 
storage and retrieve multiple signals. We studied this issue in mouse model of associative 
memory by multidisciplinary approaches in vivo. Pairing stimulations to whiskers and olfaction 
led to reciprocal cross-modal reflexes, i.e., odorant-induced whisker motion and whisker-induced 
olfaction response. The cross-modal reflexes were also induced by the co-activation of barrel, 
piriform and S1-tail cortices. In the mice that express the cross-modal reflexes, their barrel, 
piriform and S1-tail cortices mutually innervated by the new synapses formed from their 
projected axons to target cells. A substantial portion of the neurons and astrocytes in each of 
these cortical areas became to encode the newly acquired signals alongside the innate signal. 
Some of these associative memory cells expressed the different activity patterns in response to 
the acquired signals and innate signal, and others encoded similar pattern in response to these 
signals. These associative memory cells in each of these cortical regions received the synaptic 
inputs from the newly established afferents alongside from the innate afferents. The antagomirs 
of miRNA-324p/miRNA-133a attenuated the formation of associative memory, the formation of 
new synaptic innervation and the recruitment of associative memory cells. Thus, the co-
activation of the sensory cortices initiates their mutual synaptic innervations, which drive their 
target neurons to be recruited as associative memory cells that encode the new learnt signals 
(cross-modal memory) alongside the innate signal (native-modal memory). In terms of the 
storage and retrieval of the associated signals, the natures of associative memory cells include 
the followings. They are recruited to encode multiple signals being associated. They receive 
multiple synaptic inputs from the cortices of signals’ origins. Their axons project toward the 
brain areas being associatively activated, as well as other brain areas for memory presentation. 
Their recruitments are downregulated by altering the gene and protein expressions. The 
upregulation or downregulation of these neurons, their synaptic inputs and axon projections 
alters memory capacity. Their axons project to the contralateral cortices and make the synapse 
innervations that send the acquired signals for unilateral learning toward bilateral memory. 
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Title: Unconsciously implanted memory reflected in behavioral test 
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Abstract: Recent studies have shown that the entorhinal cortex switched neocortical plasticity 
and encoding of associative memory in the auditory cortex likely through cholecystokinin (CCK) 
projection neurons. In the present study we hypothesize that associative memory could be 
implanted in the anesthetized animal’s brain. A bilaterally electrode-implanted rat was trained to 
retrieve water-reward from either the left or the right hole depending on which hemisphere of the 
auditory cortex stimulation was triggered after it initiated the trial. After the stimulation site of 
one hemisphere was infused with CCK, a previously irrelevant light stimulus was then paired 
with the electrical stimulation of the infused hemisphere for multiple sessions in the anesthetized 
rat. The auditory cortex neurons responded to the light stimulus in both anesthetized and 
behavioral conditions. All 6 rats approached to the “designed” hole after they triggered light 
stimulus instead of electrical stimulation of the auditory cortex one week after the first 
conditioning. We further hypothesized that the high-frequency (HF) stimulation is required to 
induce release of CCK that enables the encoding of visuo-auditory associative memory. With 
implanted stimulation electrode and optical fiber in the auditory cortex and injected AAV-DIO-
eYFP-ChR2 in the entorhinal cortex in the CCK-CRE mouse, we conditioned the electrical 
stimulation of the auditory cortex with footshock. The mouse showed no freezing response when 
the light stimulus was presented. We then anesthetized the mouse, used HF laser stimulation in 
the auditory cortex of the cortical projection fiber of the entorhinal CCK neurons and then paired 
the light stimulus and the electrical stimulation of the auditory cortex with low frequency. The 
mouse changed to freeze when the light was presented after the above pairing, indicating that the 
mouse associated the light stimulus with the ES, and recalled the aversive memory. The 



behavioral experiments revealed that the artificially memory was transferred to the behavioral 
action, providing a scientific foundation for “memory implantation”. 
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Abstract: In natural environment associative memory often integrate several stimuli from 
different sensory modalities. Previously we have developed behavioral paradigm for fear 
conditioning using multisensory compound stimulus that mimics complexity of natural learning. 
In the present study, we examined encoding of fear memory about compound stimulus by 
neurons of the mouse parietal cortex. We trained transgenic c-Fos-EGFP mice in a fear-
conditioning task to a compound stimulus (tone + light). A week later, we performed three 
retrieval sessions using separate sound or light as well as the compound stimulus. To monitor 
neuronal activation, we performed two-photon in vivo imaging of EGFP expression in the 
parietal associative cortex. Based on the intensity of fluorescence, all neurons were divided into 
the two groups: highly- and weakly-active. Number of highly-active neurons were increased in 
trained mice compared to the control mice in all retrieval sessions, while the number of weakly-
active neurons decreased in all the sessions. Next, we analyzed neurons that showed high fos-
EGFP expression only in one of the retrieval session. We found three activation specificities of 



such neurons: light-related, sound-related and compound CS-related neurons. The number of 
light-dependent highly-active neurons increased in the trained mice compared to the control 
mice. The number of sound-dependent and compound CS-dependent neurons was equal in the 
trained and control mice. Also with the calcium imaging we shown that neurons active during 
learning later respond to tone and light during retrieval sessions. Then we used c-fos 
immunohistochemistry to analyze activation pattern in different brain areas after optogenetic 
stimulation of parietal cortex. Taken together our data suggests that coding of complex 
associative memory in the parietal cortex involves at least three neuronal assemblies with 
different response specificity to the components of the compound CS. 
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Abstract: Associative learning is a fundamental mechanism for experience-dependent cortical 
modification. Though synaptic aspects of this process has been thoroughly studied, less is known 
about how it is implemented at the level of cortical circuits. Predictive coding theories suggest 
that classical conditioning leads to formation of cortical representations that differentially affect 
supragranular (L2/3) and infragranular (L5/6) cortical layers. While deep layers of the sensory 
cortex mediate top-down predictions from anticipatory model generated by frontal areas, 
superficial layers convey bottom-up prediction error signals that update prior representation 
according to sensory input. To study these processes we used auditory fear conditioning and c-
Fos neuroimaging of layer-specific activation of different associative (infralimbic, prelimbic, 
cingular, retrosplenial, frontal associative and parietal associative) and sensory (primary 
auditory, ventral and dorsal areas of the secondary auditory) cortices after memory acquisition 



and retrieval in mice. We found that presentation of auditory CS and footshock during training 
leads to activation of cingulate cortex and the ventral part of secondary auditory cortex. Retrieval 
of associative memory about CS a day later produces preferential activation of cingulate, 
prelimbic, infralimbic and parietal associative cortices. This activation was specific in L2/3, L5 
and L6 of cingulate cortex and L5 and L6 of prelimbic cortex. Layer-specific analysis of the 
primary auditory cortex showed that memory acquisition involved proportionally more L2/3 
neurons, while CS presentation during retrieval involved proportionally more L5 neurons. Thus, 
our data suggest that cued conditioning can lead to shift from activation of supragranular layers 
during acquisition phase to infragranular layers during retrieval phase in the primary auditory 
cortex and overall preferential activation of associative areas during memory retrieval versus 
sensory cortex activation during memory acquisition. 
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Abstract: Pavlov’s original work on classical conditioning used reinforcement of immediately 
present environmental event. An important fundamental question is whether an engram of a 
distant past event can be also conditioned. Though there are evidence that this can happen if an 
engram is ecphorised in the presence of reinforcing stimulus, surprisingly little work has been 
done on the specific properties of such association and its neural mechanisms. Here we used a 
model of such engram conditioning, the context preexposure facilitation effect paradigm 
(Fanselow, 1990; Rudy and O'Reilly 2001) to explore associability of activated engram with a 
footshock reinforcement in mice, specificity of such associative memory, its durability and 
neural activity at its retrieval. Mice were first allowed to explore a new context A for 5 min and 
then at different delays received a 2 sec footshock immediately after being replaced in this 
context. We showed that the contextual engram in mice can be fear conditioned in the interval 



from 30 min to at least 30 days between its acquisition and retrieval. Resulting association 
persisted for at least 30 days after such engram conditioning. The fear for the context A was 
specific, it did not develop if immediate shock was delivered in a context B and there was no 
freezing in a novel context C. We next studied how engram conditioning changes patterns of 
brain activity during its subsequent retrieval. For this we compared c-Fos expression induced by 
exploration of context A in mice from conditioned and unconditioned groups. Both groups 
explored the context 6 days before being tested, but the conditioned group also received 
immediate footshock in this context 3 days before testing. Expression of c-Fos was significantly 
elevated in the conditioned engram group in the areas of associative neocortex (frontal 
associative cortex, prelimbic and infralimbic cortex, cingular, retrosplenial and parietal cortex), 
in central and lateral amydgala and in CA1 region of hippocampus. Interestingly, dentate gyrus 
and CA3 region had similar c-Fos activation in the conditioned and unconditioned engram 
groups. We also performed c-Fos TRAP combined with c-Fos imaging to reveal cellular overlap 
in the episodes of context engram acquisition and its conditioning in the same animals. Our data 
suggest that engram acquisition and its conditioning though often occurring together, are distinct 
processes that can be isolated and studied separately. 
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Abstract: Though cellular mechanisms of associative memory are commonly studied in 
Pavlovian fear conditioning (FC) to a single discrete stimulus, natural learning often involves 
complex stimuli composed of several sensory modalities. To study neural mechanisms of such 
learning we used FC to a compound cue (CC) consisted of auditory (tone, T) and visual (blinking 
light, L) stimuli. First, we showed that memory about CC and its separate components mature 
over different time after training: memories for CC and tone were manifested in freezing 



behavior at all times tested starting from the first day after the training, whereas light component 
produced significant freezing response only starting from 3 days after the training. Next, we 
showed the same dissociation of memories in extinction experiments. Extinction of the one 
component of CC memory 1 day after the training did not affect memory about another 
component or CC. Extinction of the one component of CC memory 7 days after training resulted 
in extinction of memory about another component or CC. Finally, we performed c-Fos imaging 
of cellular activity in number of brain regions after formation and retrieval of memory for CC 
and its separate components. We showed that learning the CC resulted in significant activation of 
prelimbic cortex, lateral and central amygdala. Retrieval of memory of the CC and its separate 
components 7 days after the training resulted in significant activation of prelimbiс and parietal 
association cortices, whereas basolateral amygdala was activated only after CC memory 
retrieval. Moreover we compared patterns of c-Fos expression after 1 and 7 days retrieval. 
Finally, we performed in vivo two-photon imaging of retrieval-induced c-Fos expression in the 
parietal cortex of fos-EGFP transgenic mice and found that there are at least three neuronal 
populations with different response specificity to the compound signal and its components. 
Taken together, our data suggests that complex stimuli can establish three different neuronal 
representations that can be used separately in the behavior. 
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Abstract: Memories are hypothesized to be encoded by distributed cell assemblies, however 
little is known about consistency of activation of such neuronal populations. An essential 
question is how similar are these activations during memory encoding and subsequent episodes 
of retrieval. To study this question we investigated neuronal activity of the mouse associative 



cortex in auditory fear conditioning and memory recall in response to conditioned sound. We 
used optic fiber recording and two-photon visualization of activated neurons in the cortex of 
awake transgenic mice in which the expression of enhanced green fluorescent protein (EGFP) 
was under the control of c-fos immediate early gene promoter. With optic fiber technique we 
characterized time course of induced fos-EGFP expression. Then we compared populations of 
active neurons in the same area of parietal associative cortex before learning, following learning 
and following memory retrieval. The largest proportion of identified neurons was active during 
all three conditions (79%). Most neurons, which were not active before learning, but were 
activated during learning, were also activated during memory retrieval (10% of all identified 
neurons). The small parts of identified neurons were activated only during learning or memory 
recall (3% or 2% respectively). Thus, our results indicate that the main part of neuronal 
population in the mouse parietal associative cortex that was transcriptionally activated during 
fear memory encoding, was then reactivated during cue-induced memory retrieval. 
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Abstract: One of the key features of human memory is the ability to recall the entire complex 
episode in terms of what, where and when it happened. For a long time, it was assumed that 
episodic form of memory exists only in humans. Animals cannot give a verbal report about a 
personal past experience, yet episodic-like memory can be demonstrated as an integrated 
behavioral response for “what”, “where” and “when” questions. Dere et al. in 2005 proposed 
model of episodic-like memory for rodents based on the recognition of new neutral objects. This 
model has been used only to test the short-term memory. However, episodic memory in humans 
can be stored for years. Therefore, an important question is whether rodents are able to form 
long-term episodic-like memories in such a model. To address this problem, we used the 
modified version of task proposed by Dere et al. in wild rodent species: wood mice (Sylvaemus 
uralensis), bank voles (Clethrionomys glareolus) and field mice (Apodemus agrarius). Each 



rodent received 5 experimental sessions (10 min each). During two pretraining sessions (PTS) 
animals explored new empty arena (PTS 1) or the same arena with 2 new objects (PTS 2, 6 h 
later). On training session (TS) 1 (16-18 h after the PTS 2), 4 novel objects were presented 
arranged in a triangle spatial configuration. On TS 2 (8 h later), another 4 novel objects were 
presented in a different spatial arrangement (in 4 arena corners). During the long-term memory 
test session (16 h after the TS 2) 4 objects were presented: old stationary (object from the TS 1 
on the same position), old displaced (object from the TS 1 on the new position) and two recent 
objects from the TS 2 on the same positions. The duration of the active interaction with objects 
by animals was measured during all sessions. The “what”, “where” and “when” ratios were 
calculated as proportion of interaction with different types of objects. We demonstrated that 
duration of active interaction with objects in all rodent species increased from the first to the last 
experimental session, while the total exploratory behavior in the arena decreased. The presence 
of long-term episodic-like memory as a behavioral response to each of “what”, "where" and 
"when" questions was revealed only in field mice. Wood mice and bank voles were able to recall 
the memory only about the “where” component. We also showed that the individual variability 
of the exploratory behavior in bank voles and wood mice was significantly higher compared to 
the field mice. Thus, in this study we demonstrated the long-term episodic-like memory about 
the neutral event in wild rodents. The ability to form such memories may be important for the 
adaptive behavior of animals under the natural conditions. 
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Title: Roles for state-specific corticothalamic and thalamocortical communication in visual 
system plasticity 
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Abstract: Orientation Specific Response Potentiation (OSRP) is a form of plasticity in primary 
visual cortex (V1), which is initiated by waking visual experience and dependent on subsequent 
sleep. OSRP consolidation is accompanied by an increase in V1 neuron firing following visual 
stimulus presentation, and is correlated with changes in spike-field coherence during Non-Rapid 
Eye Movement (NREM) sleep. Thus, we hypothesized that state-specific features of 
thalamocortical communication, such as NREM-specific oscillatory activity, are crucial for 
OSRP consolidation. To address this hypothesis, we performed two experiments using a 
combination of stereotrode recordings and state-specific optogenetic manipulations in mice. 
These experiments target distinct parts of the visual circuit, and address the necessity of both 
synchronization of thalamocortical activity, and thalamic (LGN) input to V1 for OSRP 
consolidation. For both sets of experiments, we measured OSRP across a 12-h interval following 
experience, the amplitude and coherence of thalamocortical oscillatory activity, and functional 
interactions between neurons in thalamus and cortex. We find that optogenetic inhibition of 
corticothalamic feedback during NREM sleep, but not Rapid Eye Movement (REM) sleep or 
waking, blocks OSRP. Our data suggests that synchronous activity between cortex and thalamus 
during NREM is necessary for OSRP consolidation. Preliminary data from LGN thalamocortical 
inhibition experiments indicate thalamocortical activity during REM may also play a role in 
OSRP. These studies will enhance understanding of both structure- and state-specific properties 
underlying a novel form of cortical plasticity. 
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Abstract: Visual experience in the mouse can induce long-term changes in the responsiveness of 
primary visual cortex (V1) to a specific visual stimulus through a process called stimulus-
selective response potentiation (SRP). This plasticity is thought to reflect the neural substrate of 
a simple visual memory stored within V1 that plays a fundamental role in the mouse’s ability to 
behaviorally habituate to a familiar visual stimulus. Recent work in mouse V1 has revealed that 
interactions between the oscillatory state of cortex and an animal’s behavior can have a profound 
impact on the processing of visual information. Here we examine the relationship between 
oscillatory state and neural activity in visual cortex in the context of SRP through spiking and 
local field potential (LFP) activity within mouse V1. We find that LFP recorded from thalamo-
recipient layer IV of V1 alternates between two major states, one dominated by high-amplitude, 
low-frequency rhythms between 6 and 10Hz known as High-Voltage Slow oscillations (HVS) 
and one dominated by high-frequency (60-100Hz) gamma rhythms (HG), which reflect very 
different underlying spiking activity: HVS are associated largely with bursting activity in V1 and 
HG states are associated with tonic firing. These two states reflect very different processing 
modes within V1. The oscillatory state of V1 dramatically shifts towards an HVS-dominated 
state as a stimulus becomes progressively familiar. However, the presentation of novelty, even 
simply through a shift in stimulus orientation, can very swiftly shift the cortex back into a 
gamma-dominated state. Importantly, we show that SRP is only observable in the HG state and 
not the HVS state. These shifts in oscillatory state also correlate strongly with mouse behavior 
elicited by the onset of the visual stimulus. Our results indicate that oscillations in V1 reflect 
dynamics in stimulus coding within V1 that are highly modifiable by experience. Furthermore, 
these changes may be adaptive, allowing the animal to identify and encode information about 
novel and salient stimuli while conversely shifting into an offline state when information is 
highly familiar. 
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Abstract: Perceptual learning is a well observed phenomenon but is poorly understood in terms 
of neurophysiology. We seek to create a model of perceptual learning in V4 based on neuronal 
influence. Previous research seeking to discover a neuronal explanation for visual task learning, 
a subset of perceptual learning, involved rhesus macaques repeatedly attempting a visual task. 
Monkeys were shown an image on-screen, then soon after shown a potentially rotated version of 
the same image and given the opportunity to identify the presence of a rotation. Analysis of local 
field potentials and spike timings revealed heightened local synchronization between V4 neurons 
during learning. We use directed information (DI), an information theoretic tool, on the same 
data set to quantify how the influence structure between V4 neurons changes over the time 
course of perceptual learning. DI is ideal for this application due its ability to compute the causal 
effect of one time series on another with minimal assumptions and its capacity to condition on 
other time series. Estimation of DI is based on a previously published technique that utilizes 
context-tree weighting in order to estimate probabilities for entropy estimation and therefore DI 
estimation. 
By estimating the DI rate between neuron spike trains, we reveal different periods of DI rate 
change for select neuron pairs. Early and late trials of a given experiment show DI rate variation 
while middle trials exhibit stable DI rates. Overall, these neuron pairs exhibit significant 
feedback relationships. Results are compared with the accuracy of the monkey’s decisions in 
order to determine correlation between DI rate trends and perceptual learning. We then develop a 
temporal network model of the time course of perceptual learning in V4. We use directed edges 
with weights proportional to the aforementioned changes in neuronal influence quantified by DI 
rate. We will test our model in rhesus macaques by stimulating V4 neurons to create the newly 
observed influence structure while they perform a visual task. Our stimulation technique will 
result in a faster perceptual learning rate. Furthermore, stimulation will restore learning 
capability in cases where individuals suffer from learning disabilities. 
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neurotransmission in areas MT and MST of the macaque monkey 
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Abstract: Functional characterizations of lower-order visual area MT (middle temporal) and 
higher-order multimodal association area MST (medial superior temporal) have been based on 
electrophysiological recordings, including mapping of receptive field size and motion-direction 
tuning. However, less is known about the comparative anatomy of both these areas. A recent 
study suggests differences in the functional roles of areas MT and MST in the macaque monkey 
for the coding of working memory (Mendoza-Halliday et al., Nat. Neuro., 2014), possibly due to 
differences in the proportion of excitatory and inhibitory neurotransmission. Previous 
quantitative histological examinations of excitation and inhibition have used few sampling 
locations at very high magnification to extrapolate characteristics of entire areas. Furthermore, it 
is often not known in which cortical layers such images are sampled. In order to gain a better 
understanding of excitation and inhibition differences in areas MT and MST in rhesus macaque 
monkeys, we pursued a more global approach that combined immunohistochemical staining and 
widefield imaging. To visualize local inhibitory expression, we targeted the main inhibitory 
neurotransmitter GABA with the immunohistochemical stain VGAT. To visualize excitation 
expression, for which glutamate is the primary neurotransmitter, we used VGlut1 and VGlut2 to 
stain for intracortical and thalamic inputs, respectively. Widefield fluorescence images of the 
entire areas of interest were acquired, cortical layers were manually drawn in, and evenly spaced 
sampling lines were used to acquire pixel intensity values across the cortical depth for all three 
fluorescence channels. Normalized profiles were obtained for each area and then statistically 
analyzed. We found differences in relative excitation and inhibition between MT and MST with 
the VGAT and VGlut1 stains, with the most apparent differences being found in layers II and III. 
These results provide anatomical evidence supporting the functional differences observed 
between these two areas. 
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Title: Working memory related neuronal activity is widely distributed throughout cortex during 
an object-based delayed match-to-sample task in the macaque monkey 

Authors: *C. M. GRAY, N. DOTSON, S. HOFFMAN;  
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Abstract: Task and stimulus dependent neuronal activity that continues during the memory 
period of a delayed match-to-sample task is considered to be the quintessential neural correlate 
of working memory. This persistent, mnemonic activity has been most extensively studied in 
prefrontal and posterior parietal cortical areas, but less so in other regions of the cortex. 
Consequently, much remains to be learned regarding the distribution of persistent activity. 
Recently, we developed a large-scale semi-chronic recording system that enables the long-term 
measurement of neuronal activity from up to 256 independently movable microelectrodes 
spanning an entire cerebral hemisphere in non-human primates. We implanted this instrument in 
two macaque monkeys and recorded neuronal activity for 6 and 10 months, respectively, while 
the animals performed an object-based, delayed match-to-sample (dMTS) task and a set of 
control tasks. 
At the end of the experiments, the electrode tracks were identified histologically and the cortical 
area of each recording site was reconstructed using the Caret software package. Based on these 
analyses, we obtained recordings of neuronal activity from 63 separate cortical areas and 4 
subcortical structures include the Caudate nucleus, Putamen, Claustrum and Thalamus. The 
cortical areas varied in location from V1 to area 11 along the AP axis, TEOm to area 23 along 
the ML axis, and F1 to TEpd along the VM axis. 
We extracted single- and multi-unit activity from each recording site and determined the 
incidence of task-dependent and stimulus-specific activity during all phases of the task using a 
sliding window analysis of firing rate (Kruskal-Wallis test (P<.05) with correction for the false 
discovery rate). 
These analyses revealed a widespread, but sparse distribution of task dependent and stimulus 
specific changes in neuronal activity throughout the cortex. Sample specific activity was most 



widespread, including areas throughout primary and extrastriate visual cortex, posterior parietal 
areas, motor and premotor areas, prefrontal cortices and Basal Ganglia. Task and sample specific 
delay period activity occurred less often, but with a similar distribution, and was composed of 
both increases and decreases in firing rate. Sample specific delay period activity occurred 
throughout multiple areas of visual cortex, including striate cortex, and a number of premotor 
and prefrontal areas not previously described for this task. 
These findings demonstrate that visual working memory-related activity is widespread 
throughout many regions of the cortex suggesting that short-term mnemonic representations are 
distributed in nature. 
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Abstract: Extensive evidence from neuroimaging studies in humans consistently point toward a 
key role for the insular cortex (IC) in the detection of novel and salient information. Yet, little is 
known whether the IC is also involved in emotionally influenced learning and memory. The 
present study investigated whether noradrenergic activation, which is normally induced during 
an emotionally arousing situation, in the IC is required for the consolidation of object recognition 
memory. Male Sprague-Dawley rats were trained on an object recognition task for either 3 or 10 
min during which they could explore two identical objects. Immediately after the training they 
received bilateral intra-IC infusions of norepinephrine (1.0 µg) or the β-adrenoceptor antagonist 
propranolol (0.3 µg). Saline-infused control rats exhibited poor 24-h retention when given 3 min 
of training and good retention when given 10 min of training. Norepinephrine administered after 
3 min of object training enhanced retention, whereas propranolol administered after 10 min of 



training produced memory impairment. Moreover, we found that in untreated groups of trained 
rats 10 min of object recognition training increased neuronal activity in the IC 1 h later, assessed 
by the number of cells expressing immunoreactivity for phosphorylated cyclic-AMP response 
element-binding protein (pCREB).These findings indicate that the IC is involved in regulating 
emotional arousal effects on the consolidation of object recognition memory. 
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stimuli with their behavioral relevance 
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Abstract: Mice use their whiskers to explore their surroundings and to identify the objects 
around them. As mice move through the environment, they must be able to attend toward and 
selectively respond to the small fraction of objects that are relevant to their goals. To investigate 
how the somatosensory system associates objects with their behavioral relevance (i.e. whether 
objects predict reward outcomes), we developed a head-fixed, whisker-based behavioral 
paradigm in which mice respond to a relevant target object and ignore a distractor. 
Head-fixed behavioral tasks are useful for studying whisker-mediated behaviors because they 
allow for precise presentation of stimuli and permit a diverse array of techniques for recording 
and manipulating neural activity. Most common head-fixed behavioral paradigms require mice to 
discriminate between two objects by responding to one and suppressing a response to another. In 
such tasks, both objects are equally informative about the correct response. In contrast, we have 
developed a spatial localization task in which only one object (the “target”) is informative about 
the correct response, while a simultaneously presented “distractor” object is irrelevant. These 



two objects are identical in physical characteristics (shape, size, texture, etc.) and differ only in 
their relevance to the animal. Mice distinguish between the two identical stimuli based on their 
location in the whisker field and are able to learn the association between the presence of the 
target and the possibility of reward. Furthermore, mice do not base their behavior on the 
presence of the distractor, but rather react only to the presence of the target. This task will 
facilitate investigation of how somatosensory thalamus, cortex, and other brain structures encode 
relevant tactile objects and behavioral choice. Such experiments will shed light on how the brain 
associates objects with their behavioral relevance, allowing animals to respond selectively to 
important stimuli in their environment. 
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Title: Green light treatment improves learning and memory in mice 

Authors: M. TAN1, K. CHEN1, L. HUANG1, L. ZHANG1, A. LI1, K.-F. SO1, H. GU2, *C. 
REN1;  
1GMH Inst. of CNS Regeneration, Guangdong, China; 2SUN YAT-SEN UNIVERSITY, 
Guangzhou, China 

Abstract: Purpose: Phototherapy has been shown to be effective for a variety of mental 
diseases. For example, blue light treatment can effectively improve learning and memory 
functions in Alzheimer’s patients. However, the known retinal damage effect of blue light 



stimulation limits its application. In this study, we thus investigated the effect of green light 
(527nm) illumination on learning and memory functions in mice. Method:Thy-1 H line mice 
were randomly divided into three groups, which received room light, blue light and green light 
illumination using LED sources (2.2 µmol/ m2·s in photon density) for two consecutive weeks 
(12 h light / 12 h dark normal cycle). The ability of learning and memory was assessed using 
whisker-dependent novel texture discrimination task. Moreover, the dendritic spine plasticity of 
layer V pyramidal neurons in barrel cortex was examined in vivo using two-photon microscopy 
to analyze formation, elimination and turnover rate of spines. Result: Whisker-dependent novel 
texture discrimination task showed that green-light treatment significantly shortened the time for 
learning novel texture compared to that in room-light treatment animals. Moreover, green-light 
illumination also extended the retention time of novel texture memory compared to room-light 
treatment group. Two-photon microscopy revealed similar spine formation rates among all 
groups (p>0.05). There was significantly higher elimination rate in green light or blue light 
treatment mice compared to room light animals (p<0.05). Spine turnover rate was similar 
between green and blue light groups, both of which were higher than room light group (p<0.05). 
No significant difference of spine dynamic parameters has been found between green and blue 
light group (p>0.05). Conclusion: Green light illumination could improve memory and learning 
abilities of novel texture in mice, possibly via increasing spine turnover rate. 
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Abstract: Perineuronal nets (PNNs) are a specialized form of extracellular matrix in the CNS 
that mainly enwraps parvalbumin (PV) expressing inhibitory interneurons. They assemble in 
parallel with the maturation of the inhibitory network and with the closure of critical period 
plasticity. Several lines of evidence support a role for PNNs in stabilizing synapses, limiting 
adult brain plasticity and in some neurological disorders. While the mature PNN is a complex 
structure of several components, recent work suggests that the proteoglycan aggrecan, a product 
of the ACAN gene, is vital for the PNNs. However, because aggrecan is essential to cartilage 
throughout the body, global ACAN knock-out is lethal. Thus, to investigate the role of aggrecan 
for PNN assembly and stability, and its contribution to brain plasticity, we have established a 
CRE-inducible conditional ACAN knock-out mouse. The transgenic construct is a design of the 
European Conditional Mouse Mutagenesis Program and has had two loxP sites inserted into the 
genome, flanking exon 4 of the ACAN gene. Two approaches were used to remove aggrecan 
from the conditional ACAN knock-out mouse, either by (1) injecting a viral vector expressing 
CRE recombinase under control of the synapsin promoter to obtain area specific knock-outs in 
adult mice, or by (2) crossing with the PV-Cre line, which expresses CRE recombinase 
downstream of the PV transcript. Aggrecan and PNNs was determined by immunohistochemical 
staining against aggrecan, PV and the PNN specific lectin Wisteria floribunda agglutinin. 
Conditional knock-out of ACAN efficiently eliminated both aggrecan and PNNs with both 
approaches, while the PV staining intensity remained unaltered. Adult knock-out ACAN/PV-Cre 
mice were lacking PNNs. This shows for the first time that aggrecan is produced by the PV 
neurons themselves, in line with a role of PV neurons in regulating brain plasticity. To 
investigate the role of aggrecan for plasticity we restricted the knock-out of the ACAN gene to 
the visual cortex of adult mice by using local injections of viral vectors with Cre-recombinase. 
Activity-dependent plasticity was induced by monocular deprivation and assessed by intrinsic 
optical signal imaging. Preliminary results indicate that knocking out ACAN in adult visual 
cortex reinstate a high level of plasticity similar to that of juveniles. Taken together, the 
conditional ACAN knock-out mouse can be used to target the ACAN gene, leading to loss of 
aggrecan and abolished PNNs as well as increased plasticity. Our results indicate that aggrecan is 
vital for the assembly and stability of PNNs, making the ACAN mouse a robust tool to reveal the 
role of PNNs in plasticity and disease. 
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Abstract: Compared to our knowledge of the molecular mechanisms underlying learning and 
memory encoding and consolidation, far less is known about remote memory storage. Recently, 
it was proposed that the specialized extracellular matrix structures called perineuronal nets 
(PNNs) may be a physical framework for long term memory storage (Tsien, 2013). Their mesh 
like structure, tightly enwrapping and stabilizing synaptic connections and their composition of 
molecules with very slow turnover rates, point in this direction but the idea remains to be tested. 
Here, we test this hypothesis by investigating remote visual fear memories. Recent evidence 
indicate that over time, visual fear memories become dependent on the lateral part of the 
secondary visual cortex (V2L), suggesting that secondary sensory cortices may be pivotal in long 
term memory storage. In order to investigate the contribution of PNNs for memory stability, we 
induced a remote visual fear memory in adult Sprague Dawley rats using Pavlovian fear 
conditioning and experimentally degraded the PNNs by local injections of the enzyme 
Chondroitinase ABC (chABC) into V2L. Injections of chABC were performed at different time-
points in the fear conditioning learning paradigm; either prior to training or prior to retrieval of 
the remote memory. We found that degrading the PNNs in V2L prior to the remote memory 
retrieval test selectively disrupted the visual fear memory while degrading the PNNs prior to 
training had no effect on memory retrieval. Moreover, degrading the PNNs in the primary visual 
cortex had no effect on the remote memory. In order to elucidate the neural network responses 
underlying the impaired recall we use chronically implanted electrodes and perform 
simultaneous local field potential recordings from V2L and the basolateral amygdala. Together, 
these findings indicate that the PNNs in V2L are critical for visual fear memory processing at 
remote time-points, but not for memory acquisition or early consolidation. 
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Abstract: Cortical plasticity is dynamic, changing the representation of memory based on a 
lifetime history of experiences. Behaviorally-relevant sensory cues are transient, but can be 
transformed into long-term memory (LTM). Formation of LTM requires neuroplasticity that 
changes neural function, structure and connectivity. At a molecular level, long-term changes 
require gene expression. Previous research has shown that epigenetic mechanisms can selectively 
regulate gene expression. For example, a class I histone deacetylase (HDAC) called HDAC3 
seems to be a “molecular brake” on plasticity required for LTM (McQuown et al. 2011). 
Blocking HDAC3 with the drug RGFP966 releases the brakes on gene expression enabling 
highly cue-specific LTM and cortical reorganization in the primary auditory cortex (A1) for the 
sound frequency of a salient cue. More cells in A1 tonotopy can become “re-tuned” to the 
frequency of a cue signaling a reward (Bieszczad & Weinberger 2010). Yet, tonotopy can also 
reorganize in the opposite direction to reduce the number of cells “tuned” to the frequency of a 
cue after it is extinguished. There is a significant positive relationship between the magnitude of 
frequency representational area in A1 and that frequency’s strength in associative memory, 
whether in cue-reward acquisition or in cue extinction. Previous work has shown that HDAC3 
inhibition via RGFP966 can enable cue-specific cortical plasticity with cue-reward acquisition 
learning (Bieszczad et al. 2015). The purpose of this study is to test whether HDAC3 has similar 
control over the cue-specific cortical plasticity for extinction, which is predicted to strengthen 
extinction memory. To test this hypothesis, male Sprague Dawley rats are trained to bar-press for 
a water reward in response to a 5.0 kHz (70 dB) pure tone in a first phase of training, and are 
later trained in a second phase to extinguish the bar-press response learned by the cue-reward 
association. During extinction training, one group of animals is injected with RGFP966 
(10mg/kg; i.p.) and the other group with vehicle. A spontaneous recovery test is used to 
determine the strength of cue-specific extinction. A1 electrophysiology after extinction training 
and memory testing determine frequency-specific tonotopic re-organization. Data presented will 
show whether HDAC3 regulates both extinction and acquisition memory. These results are 
relevant in work towards a comprehensive model of the function and epigenetic regulation of 



sensory cortices and their role in cued memory. It also has applications in development of 
treatments for cue-related addictive behaviors, and cued emotional stressors in PTSD. 
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Abstract: Epigenetic mechanisms that modulate gene expression – such as histone modification 
– are key for regulating the neuroplasticity underlying long-term memory (LTM) formation. 
Blocking histone deacetylases (HDACs) has been shown to facilitate various forms of LTM by 
releasing the brakes on neuroplasticity (e.g. McQuown et al., 2011; Stefanko et al., 2009). 
Recent work in the auditory system using a simple single-tone associative learning paradigm 
suggests that pharmacological inhibition of HDAC3 via RGFP966 can enhance the specificity of 
memory for relevant sound features, and also reorganize primary auditory cortex (A1) to enhance 
the representation of those features (Bieszczad et al., 2015). 
We designed a two-tone frequency-discrimination (2TD) task to determine if HDAC3 regulates 
auditory discrimination learning. This instrumental learning task can also determine the temporal 
dynamics of HDAC3 action on 2TD acquisition, performance and underlying plasticity in A1. 
Rats (male; Sprague-Dawley) learn to discriminate between two spectrally-distant frequencies: 
bar-press (BP) responses to only the CS+ (5 kHz) are rewarded; BPs to the second sound, CS- 
(11.5 kHz), result in a time-out (extended time until next trial). Sessions are followed by 
injections of RGFP966 (10mg/kg; i.p.) or vehicle (Veh). Frequency-specificity of the auditory 
memory formed is assessed after two weeks of daily training sessions using a stimulus 
generalization (SG) test, where a range of test frequencies (including the CS+ and CS-) are 
presented under extinction conditions. Electrophysiological recordings show the tonotopic 



effects in A1 that could underlie differences in behavior. 
Differences in behavioral (2TD acquisition & performance; SG) and neural (A1 tonotopic 
reorganization) frequency-specificity between groups will support the hypothesis that HDAC3 is 
a molecular epigenetic regulator of sensory information consolidation during incremental 
learning experiences. Data presented will show whether RGFP966-treated rats have rapid 2TD 
acquisition and reach asymptotic levels of performance sooner than Veh-treated rats. SG may 
likewise reveal sharper (more frequency-specific) memory, with more selective BPs to the CS+. 
Unusually rapid and frequency-specific reorganizations in A1 for the salient sounds are expected 
to underlie frequency-specific behavioral effects of HDAC3. Such results further specify a role 
for epigenetic mechanisms in learning, memory, and information storage. Furthermore, they 
initiate a novel investigation into the temporal dynamics of epigenetic regulators that convert the 
sensory details of transient experiences into LTM. 
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Title: Histone modification enables song-specific auditory memories in an avian model. 
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Abstract: Vocal communication relies on the brain’s ability to process, learn and remember 
important sounds. Long-term memories (LTM) of salient sounds require the expression of genes 
that subserve stable changes in neural function, structure, and connectivity in the auditory areas 
of the brain. Molecular epigenetic mechanisms regulate gene expression required for this 
memory formation. For example, the enzyme histone deacetylase 3 (HDAC3) gates the 
transformation of an auditory experience into memory. Bieszczad et al. (2015) demonstrated that 
rats treated with a selective HDAC3-inhibitor (RGFP966) acquired a specific and unusually 



detailed auditory associative memory for pure tones, which occurred with highly specific 
neuroplasticity in primary auditory cortex (A1). 
We test the hypothesis that HDAC3-inhibition enables long-term neuronal memories for 
ethologically-relevant communication signals with complex acoustic features (Phan & Bieszczad 
2016), using an avian model. The songbird caudomedial nidopallium (NCM) is analogous to 
superficial layers of mammalian A1 or to a secondary auditory cortex and contributes to auditory 
discrimination and song memory. Neurons in NCM undergo neuroplasticity in the form of 
stimulus-specific adaptation (SSA). SSA occurs when presented with repeated song stimuli, 
evoked responses to familiar (F) stimuli adapt more slowly than to novel (N) stimuli. 
Comparison of adaptation rate (the slope of the decrease in response amplitude as a function of 
repetition number) between F and N songs provides a measure of the strength of song memories. 
Normally, 200 repetitions of a conspecific song will lead to LTM measured ~20h later. We 
exposed adult male zebra finches (n=7) to ≤ 40 repetitions of 8 novel zebra finch songs, below 
the usual threshold for memory formation. Systemic injection of RGFP966 (n=3) or vehicle 
control (n=4) followed exposure. Neural responses in NCM were recorded 20h later to the 8 
previously exposed F songs and to 8 never-before-heard N songs. In vehicle treated birds, SSA 
rates were not significantly different between the N and F songs, indicating no memory of the F 
stimuli (K-S test; p=0.575, D=0.084, Z=0.740). In birds injected with RGFP966, adaptation rates 
were shallower (less negative) for F stimuli than for N stimuli (K-S test; p=0.016, D=0.206, 
Z=1.50). This difference indicates that RGFP966 treatment enabled memories for specific song 
stimuli. Therefore, HDAC3-inhibition can effectively transform a sub-threshold auditory 
experience (minimal repetitions of song exposure) into a LTM of that experience, apparently by 
lowering the threshold number of exposure events required for memory to form. 
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Title: Functional footprints of impaired consciousness in mice with reduced molecular diversity 
of clustered protocadherin-α 

Authors: *K. SHIBUKI1,2, T. YAMAGISHI3, D. KAMATANI1,2, K. YOSHITAKE1,2, H. 
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Abstract: The integrated information theory of consciousness suggests that various types of 
dynamic short-term memory highly integrated together in the brain produce consciousness. 
However, the presence or absence of specific neural mechanisms of consciousness is unknown. 
If complex neural circuits conceive consciousness in principle, consciousness is tightly bound to 
other neural functions, as observed during anesthesia or sleep. If consciousness requires specific 
neural mechanisms, it may be separated from other neural functions, i.e. some genetically 
manipulated mice with apparently normal neural functions may have impaired consciousness. 
We report evidences supporting the latter possibility. Clustered protocadherins (cPcdhs, α-γ) are 
neuro-specific cell adhesion molecules characterized by clustered gene structures. In each 
neuron, some of the gene clusters are randomly selected and determine the specificity of cell 
adhesion properties. These molecules have been supposed to play a role in formation of 
sophisticated neural circuits. In cPcdhα1,12 mice, only cPcdhα1 and cPcdhα12 (but not 
cPcdhα2- cPcdhα11) are expressed, while the total amount of cPcdhα is constant. These mice 
exhibit no apparent abnormality at glance. However, we found that visual short-term memory 
was clearly impaired in behavioral experiments using spatial cues or shape cues. Visual short-
term memory of spatial information was evaluated using a T-maze test. Although cPcdhα1,12 
mice exhibited a comparable performance with that of control mice in a visually-guided task, 
their performance was significantly impaired in a memory-guided task. Visual short-term 
memory of shape information was evaluated using a delayed match-to-sample test, and 
cPcdhα1,12 mice exhibited a nice performance in a control task with no delay while the 
performance was significantly impaired in a task with a delay for 20 s. Furthermore, cortical 
plasticity and behaviors depending on multimodal sensory integration between visual and 
whisker information or between visual and auditory information were clearly impaired. Since 
cPcdhα is distributed all over the brain, various types of short-term memory and sensory 
integration are likely impaired in cPcdhα1,12 mice. These results strongly suggest that specific 
neural mechanisms depending on molecular diversity of cPcdhα are required for producing 
consciousness. The present study discloses functional footprints of impaired consciousness in 
mice, and we hope that these footprints could be a useful key for elucidating the neural 
mechanisms of consciousness at cellular and molecular levels. 
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Title: High-throughput phenotypic profiling of genes implicated in Autism Spectrum Disorders 
identifies genes important for habituation 
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Abstract: A major challenge to finding the causes of Autism Spectrum Disorders (ASD) is that 
thousands of gene mutations have been linked to the disease. To find causal links between 
mutations and symptoms we need a system in which we can rapidly manipulate genetic variation 
and measure the resulting phenotype. One endophenotype found in ASD is decreased 
habituation. Habituation is a form of learning observed as a decrease in responding to repeated 
stimulation. Habituation has been conserved through evolution, making it amenable to study 
using genetic model organisms such as Caenorhabditis elegans. Here, we use a machine vision 
system, the multi-worm tracker, to assay mechanosensory habituation in 52 strains of C. elegans 
each carrying a mutation in an ortholog of an ASD-linked gene to determine which genes disrupt 
habituation when mutated. Our screen identified several habituation mutants from the ASD-
linked genes; these genes fall into three main functional groups: cell-adhesion molecules, ion 
channels, and transcription factors. Of note, CTNNB1(bar-1), FAT3(cdh-4), and CREBBP(cbp-
1) mutants all showed decreased habituation across multiple behavioural measures. Rescuing C. 
elegans disrupted habituation phenotypes with orthologous human genes will confirm functional 
homology between C. elegans and human genes. If the human gene rescues the worm phenotype 
we can then rescue with human variants found in ASD and categorize them in to variants that 
rescue and those that do not. This will allow us to group variants into functional categories that 
may shed light on their role in ASD. 
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Title: Alcohol’s effect on habituation involve Ga/cAMP/PLA and the Gao/DGA/DAG pathway 
in Caenorhabditis elegans 
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Abstract: Alcohol intoxication impairs learning, but the underlying mechanism is not well 
understood. Habituation is a type of learning measured as a gradual decrease in response to 
repeated stimuli that is not due to fatigue or adaptation. Using the genetic model organism 
Caenorhabditis elegans, we investigated the roles of several candidate genes in the effect of 
alcohol on habituation. Animals were exposed to 400mM ethanol for 30mins (~0.08% BAC) and 
then their behavior and responses to 30 mechanical stimuli (taps) delivered at 10s Inter-stimulus 
interval were tracked using the Multi-Worm Tracker. Wildtype animals respond to the tap 
stimuli by moving backwards (reversals), and the probability and magnitude of this reversal 
response gradually decrease as the number of tap increases. On alcohol, wildtype worms 
habituate to the taps faster and more deeply than unexposed animals. Interestingly, wildtype 
worms on alcohol also shifted their responses to taps from reversals to faster forward movement 
over the course of habituation. Our initial genetic analysis showed that some genes implicated in 
other behavioral effects of alcohol in C. elegans were also involved in alcohol-dependent 
habituation phenotypes (BK channel, Neuropeptide Y receptor), however some other implicated 
genes were not (D1 receptor. We tested the role of the Gαs/cAMP/PKA pathway and 
Gαo/DGK/DAG pathway in alcohols effects on habituation. In the Gαs/cAMP/PKA pathway, 
Gαs (gsa-1), adenylyl cyclase (acy-1) and the negative regulator cAMP phosphodiesterase (pde-
4), were both found to be involved in the deeper habituation induced by alcohol, however the 
regulatory subunit of PKA (kin-2) may not to be. In the Gαo/DGK/DAG pathway, Gαo (goa-1) 
was found to be involved in the deeper habituation induced by alcohol, but another member of 
the pathway, unc-13, was not. This study identified novel mechanisms underlying learning 
impairment under alcohol intoxication. 
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Title: A neuropeptide mediated integration of habituation and sensitization to repeated 
optogenetic stimulation promotes escape in C. elegans 
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Abstract: Habituation is a highly conserved, but poorly understood phenomenon. To identify 
molecular components mediating habituation, we took advantage of a high-throughput C. 
elegans learning assay using optogenetics for controlled neuronal activation and real-time 
computer vision software for automated behavioral tracking. We implicated neuropeptides in 
habituation of ASH-mediated reversals and performed a targeted RNAi screen to identify 
candidate receptors. Through subsequent mutant analysis and cell-type specific rescue, we show 
that pigment dispersing factor (PDF) ligands function redundantly to promote habituation via 
PDFR-1-mediated cAMP signaling in both neurons and muscles. Behavioral analyses of a 
number of components of the locomotion during learning acquisition indicated that different 
components of the behavior showed different patterns of plasticity. Mutant analyses and rescues 
revealed that aspects of response habituation occur primarily in neurons and locomotion 
sensitization primarily in muscle as part of a shifting behavioral strategy orchestrated by PDF 
signaling to promote dispersal. This suggests that habituation reflects a coordinated change in 
several behaviors to produce a coordinated response. This is in contrast to the traditional 
definition of habituation as learning to ignore stimuli. In addition, it leads to questioning single 
response-centric analyses of learning. 
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Abstract: Cephalopods (Octopus, Squid, Cuttlefish, and Nautilus) have evolved a degree of 
behavioral flexibility that rivals that of many mammals. The Vertical Lobe (VL), a structure 
unique to cephalopods containing intricate memory circuitry, parallels mammalian analogues 
like the hippocampus in cell number and function, but has evolved independently within the 
distant molluscan lineage. We used integrative Next-gen sequencing technology and 
bioinformatic analyses, followed by anatomical validation using in-situ hybridization, to identify 
the first molecular maps of signaling molecules implemented in cephalopod memory circuitry. 
We constructed, sequenced and analyzed Octopus neural transcriptomes of various tissues 
(including VL, CNS, SFL-Superior Frontal lobe, and Arm Cords), and individual cells from sub-
populations within the VL and other neuronal tissues, including the Amacrine (Am) Interneurons 
and Large Efferent (LE) Neurons that make up the VL. We compared these transcriptomes to the 
publically available Octopus genome and our gastropod mollusc neural transcriptomes including 
Aplysia californica. We identified 16,194 transcripts in the VL (RPKM >/=1) and found 4,139 
(25.5%) appear to be cephalopod-specific. Remarkably, indicators for many memory related 
signal molecules and transmitters like NO (NOS), GABA (GAD), and acetylcholine (ChAT) 
were not identified in VL transcriptomes, suggesting a distinct cephalopod-specific complement 
of molecules independently recruited in the organization of learning and memory-forming 
circuits. We used the well characterized neuropeptide (NP) precursor complement of Aplysia to 
find 22 homologs in Octopus VL and 23 in the SFL. We have systematically cloned and mapped 
expression of NPs, and have localized 9 NP to the components of the VL circuit. NPX3 is 
abundantly expressed in the cell bodies of the MSF, where the afferent tract the VL originates 



and NPX1 localizes to the cell bodies of each VL gyrus. Next we used unbiased computational 
predictions and manual annotation to identify putative signaling molecules form the VL 
transcriptomes. From this we have identified 4 cephalopod-specific abundant transcripts, one of 
which, NPX2 localizes to all cell bodies in the VL and Subfrontal lobes. Among the 6 NPs that 
localize to the VL LE neuron, 2 unique cephalopod NPs, NPX4 and 5, are abundant in Octopus, 
but absent in the ancestrally branching Nautilus CNS (which lacks a VL). This expansion of 
novel signaling molecules in the VL circuit is likely a key feature of the unique memory systems 
of cephalopods, further implying extensive parallel evolution of cephalopod brains and memory 
circuits in particular. 
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Abstract: Coenobita clypeatus is a species of terrestrial Caribbean hermit crab previously shown 
in our lab to emit defensive behavior to a threatening visual stimulus. We investigated fear 
conditioning in C. clypeatus using an audiovisual cue as the conditioned stimulus (CS) and being 
agitated in a small cup as the unconditioned stimulus (US). In the experimental Group Paired, the 
CS was paired with the US. In the control Group Unpaired, the CS and US were presented on 
separate trials in an explicitly unpaired manner. Conditioning consisted of one session of 10 
trials. For Group Paired, each trial consisted of placing the subject in a clear plastic cup attached 
to a rod. After the crab emerged from its shell, the CS was presented for 5 s. 2-s after the onset of 
the CS, the cup was agitated by gently manually rotating the rod for 3 s. At the end of the trial, 
the CS and US co-terminated. In Group Unpaired, each trial consisted either of a 5-s presentation 
of the CS or a 3-s presentation of the US, with five of each type of trial, their order 
pseudorandomized in the session. For both groups, a 60-s intertrial interval (ITI) separated each 
trial. Presentation of the agitation US caused crabs to hide in their shell (the unconditioned 
response). For all subjects in Group Paired, but none in Group Unpaired, hiding or freezing 
responses to the CS prior to the onset of the US developed over the course of 10 trials. We report 



on the features of the CS that control the conditioned response, and the duration of learning. This 
procedure produces strong and reliable fear conditioning in C. clypeatus, and will allow for 
investigations into the psychological and neural basis of Pavlovian conditioning in the terrestrial 
hermit crab. 
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Abstract: Considerable progress has been made in understanding the neurophysiological and 
molecular mechanisms of long-term memory formation and stabilization. Amnestic processes 
such as memory loss, forgetting, and amnesia, are far less extensively studied, despite their 
theoretical, social, and medical importance. 
We studied time course of amnesia produced by impairment of memory reconsolidation by 
NMDA glutamate receptor antagonist (MK-801) or 5-HT/dopamine receptor antagonist 
(methiothepin) immediately before reminder in snails Helix lucorum. Amnesia was induced by 
MK-801 or methiothepin with following reminder procedure two days after food aversion 
conditioning. We attempted to train these snails again three or ten days after amnesia induction 
and found faster learning than at the initial training at 3rd day after amnesia induction. However, 
10 days after the methiothepin/reminder, we observed that time course of food aversion 
conditioning was similar to that at initial training. While, the repeated training 10 days after MK-
801/reminder did not produce long-term memory in snail at all. 
Thus, we demonstrated that impairment of memory reconsolidation by 5-HT/dopamine receptor 



antagonist/reminder or NMDA glutamate receptors antagonist/reminder induces different types 
of amnesia. Both types of amnesia have similar time course of repeated learning at early period 
of time (it’s successful and proceed faster), but they are different at late period of time (learning 
is successful only after methiothepin/reminder but not after MK-801/reminder). Our results 
suggest that the treatment of amnesia should take into account its stage of development. 
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Abstract: Sea anemones have the most primitive nervous system in the animal kingdom. 
Lacking a brain or CNS, they utilize a nerve net architecture consisting of diffusely distributed 
neurons, with no ganglia or other centralization. Despite such limited brain power, they have a 
surprisingly rich behavioral repertoire. For example, the anemone Stomphia displays directed 
attacks, rapid withdrawals, circular sweeps of the tentacles, rhythmic swimming, and post-
swimming righting behaviors. Furthermore, it can distinguish between different predator species, 
and employs different response strategies to each. Stomphia preferentially attacks the nudibranch 
Aeolidia papillosa, stinging with its tentacles and then withdrawing, often several times in 
sequence, to drive the predator away. If unsuccessful, it switches strategies and launches a 
rhythmic, vigorous escape swim. Stomphia always immediately swims to the seastar 
Dermasterias imbricata. Strategy switching and multiple sophisticated behaviors. How are these 
possible with only a “primitive” nerve net organization? 
In this study we used confocal imaging of alpha tubulin (neurons) and phalloidin (myoepithelial 
contractile bundles referred to here as muscle) to examine the nerve net organization of the 
animal's mesenteries - plate-like structures radiating from the central pharynx to the body wall 



that contain the muscles mediating several of these behaviors. One side of each mesentery has a 
longitudinal retractor muscle that rapidly withdraws the tentacles and shortens the body during 
defensive withdrawals. The other side has a diagonal parieto-basliar muscle that produces the 
alternating whole-body bends of the escape swim. 
Imaging revealed the presence of several distinct nerve nets associated with the mesenteries. 
Above each muscle was a diffuse nerve net, with axons running in all directions. Processes from 
this net then descended to contact a highly organized net of bipolar neurons arrayed in linear 
fashion along the length of each muscle bundle. A similar dual-net structure was recapitulated 
for the parieto-basilar muscle on the opposite side of the mesentery. The predominantly 
connective tissue mesoglea lying between these two nerve net / muscle systems contained a third 
net of diffuse multipolar neurons, many with long, axon-like processes that appears well situated 
to mediate communication between the muscle-specific nerve nets on each side of the mesentery. 
Our results support the idea that in the absence of the nervous system centralization evolved by 
most other organisms, sea anemones do many things we do through the use of multiple 
specialized but decentralized nerve nets. 
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Abstract: The feeding system of the pond snail, Lymnaea stagnalis, is a well-established model 
for understanding the neural mechanisms of memory consolidation. Following a single pairing of 
gamma-nonalactone (GNL), the conditioned stimulus (CS) and sucrose, the unconditioned 
stimulus (US), a long-term appetitive memory is formed, lasting for weeks. It has previously 
been shown that a non-synaptic change, a persistent depolarisation of the soma of a modulatory 
interneuron, the cerebral giant cell (CGC), is involved in the maintenance of long-term memory 
in Lymnaea. 



Much less is known about the cellular changes underlying the actual process of memory 
consolidation. It has been reported in vertebrates and invertebrates that there are brief periods 
during memory consolidation when the recall of memory is impaired. In Lymnaea such periods 
of vulnerability of the memory trace have been identified both in vivo and in vitro. To better 
understand the underlying cellular mechanisms of this process, we recorded the response of two 
tonically firing modulatory interneurons to the CS, at lapse and non-lapse points. 
It is already known that the CGC responds with an increased firing rate when sucrose is applied 
to the lips. We have now discovered that the CGC can also respond to the CS at a non-lapse 
point (1 hour), but not at a lapse point (2 hours). This suggests a possible role for the CGC in the 
conditioned feeding response. 
Because the pleuro-buccal interneuron (PlB) exerts strong inhibition on many cell types in the 
feeding system, including the CGC, it was hypothesised that changes in PlB activity may also be 
involved in forming the conditioned feeding response. However, no change in the firing activity 
of PlB was observed during application of the CS in trained individuals. 
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Abstract: Retrieval of memory followed by reconsolidation maintains the memory, while 
retrieval without following reconsolidation results in extinction of memory. In our study in 
terrestrial snail Helix we made an attempt to describe the conditions in which the retrieval of 
cued and context memories leads either to extinction or reconsolidation. In the network 
underlying the withdrawal behavior of this mollusk, sensory neurons, premotor interneurons, 
motor neurons, and modulatory for this network serotonergic neurons are identified, and 
recordings from representatives of these groups were made before and after aversive learning in 



vitro. In the network underlying feeding behavior, the premotor modulatory serotonergic 
interneurons and motor neurons involved in motor program of feeding are identified, and activity 
of interneurons was monitored during and after aversive learning. The hypothesis tested in this 
study concerns the activity of the "reinforcing" serotonergic neurons that is suggested to be the 
gate condition for the choice between extinction/reconsolidation triggered by memory retrieval: 
if these serotonergic neurons do not respond during the retrieval, then we will observe the 
extinction; while if these neurons respond to the CS during memory retrieval, we will observe 
the reconsolidation phenomenon. Analysis of changes in neural activity after aversive learning in 
vitro showed that modulatory serotonergic neurons of feeding behavior do not demonstrate 
significant changes, while responses to food in withdrawal behavior premotor interneurons 
(containing FMRFa) changed qualitatively, from under threshold EPSPs to strong depolarization 
and spike discharges. Responses to food in identified serotonergic neurons involved in 
withdrawal (whose activity was shown previously to be necessary and sufficient for 
reinforcement of long-term synaptic plasticity) also changed from absence of responses before 
training session to a high-frequency spike discharges to the food stimuli, thus implying that 
during reactivation of aversive memory the serotonergic cells are activated and are involved in 
the reconsolidation process. In behavioral experiments it was shown that impairment of 
functioning of the serotonergic system with the neurotoxin 5,7-DiHT resulted in complete 
extinction of context memory after several reactivations, while cued memory to a specific type 
of food was significantly reduced but still was present. Thus, participation of the “reinforcing” 
serotonergic neurons in memory retrieval can be the gate condition for the choice between 
extinction/reconsolidation for context memory but not for cued memory 
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Abstract: With the availability of the nearly complete Aplysia transcriptome (Orvis et al, 2015), 
the number of genes that that are of interest to investigate to understand their contribution to any 
particular cellular or behavioral process has increased dramatically. The traditional approach for 
more than two decades of knocking down gene expression in single pre- or postsynaptic neurons 
by injection of antisense, siRNA or morpholinos now seems extremely limiting. For example, 
several lines of cellular electrophysiological evidence suggest that the small G protein Arf plays 
a central role in switching the Aplysia sensory neuron-to-motor neuron synaptic connection to a 
silent state during homosynaptic depression. Five Aplysia Arf GEFs have been identified, any of 
which may participate in this synaptic switch. All five are expressed in the presynaptic sensory 
neurons. Pharmacological and molecular studies, including dominant negative manipulations, 
have provided contradictory evidence as to the identity of the GEF responsible for activating Arf 
at presynaptic release sites. Thus, more efficient knockdown strategies are needed for efficient 
assessment of the contributions of each of these 5 Arf GEFs, which may act in combination. 
Based on the experience of Rajasethupathy et al (2009) with penetratin-coupled 2’-O-methyl 
antisense oligos and our experience with morpholinos (Lin et al, 2010), we are comparing 
externally applied penetratin-coupled 2’OMe antisense oligos, penetratin-coupled BNA antisense 
oligos and Vivo-Morpholinos targeted to each of the five Arf GEFs. In preliminary experiments, 
extracellularly applied Vivo-Morpholino targeted to ApBRAG was highly effective in knocking 
down BRAG protein expression after 2-3 days of whole ganglia in culture. 
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Title: Presynaptic and postsynaptic effects of Aplysia cysteine-rich neurotrophic factor during 
long-term synaptic facilitation 
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Abstract: The molecular mechanisms governing long-term memory (LTM) formation are highly 
conserved across species. One such conserved mechanism is neurotrophic factor signaling 
which, in addition to being critical for developmental plasticity, is known to contribute to adult 
synaptic plasticity underlying LTM. While it is known that neurotrophic factors are released 
locally at synapses in response to neuronal activity involved in LTM formation, their precise pre- 
and postsynaptic effects remain to be elucidated. The marine mollusk Aplysia has proven to be a 
powerful model system for studying cellular and molecular mechanisms of LTM formation. In 
Aplysia, long-term facilitation (LTF) of monosynaptic connections between identified sensory 
and motor neurons (SNs and MNs) contributes significantly to LTM for sensitization. Moreover, 
the SN-MN microcircuit can be reconstituted in culture, offering single cell spatial resolution for 
the examination of endogenous neurotrophic factor signaling in vitro. Our laboratory has 
identified a novel neurotrophic factor, Aplysia cysteine-rich neurotrophic factor (ApCRNF), 
which shares structural and functional characteristics with mammalian neurotrophic factors (Pu 
et al. 2014). We previously showed: (i) when paired with subthreshold analog training for 
sensitization (1 tail nerve shock), exogenous application of recombinant ApCRNF induces 
ERK/MAPK activation in SNs, a molecular signature required for both LTF and LTM formation, 
and ii) ApCRNF is released in the medium surrounding the CNS in an activity-dependent 
manner. Here we studied endogenous ApCRNF signaling in the SN-MN co-culture system. 
Using immunocytochemical and in situ hybridization analyses, we found that both ApCRNF 
protein and mRNA are localized to the cytoplasm of both SNs and MNs. Furthermore, we found 
that blocking endogenously released ApCRNF with an anti-ApCRNF antibody, blocks the 
induction of LTF induced with an activity-dependent training protocol (1 pulse of 5HT in the 
presence of high KCl). Our findings show that ApCRNF is synthesized in both pre- and 
postsynaptic neurons and is required for the induction of activity-dependent LTF. Our current 
studies are focused on determining the critical source of ApCRNF release within the SN-MN 
microcircuit during the induction of LTF. 
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Abstract: Insulin and related growth factors (IGFs) are important integrators of growth-, energy- 
and development-related signaling in most metazoans. IGFs generally act through receptor 
tyrosine kinases (RTKs). Thus, proliferative and pro-survival effects of mammalian IGF2 are 
mediated predominantly by the IGF1 receptor (IGF1R), an RTK to which both IGF1 and IGF2 
have high affinity. IGF2 mediates memory consolidation, enhances memory and prevents 
forgetting in the rat (Chen et al., 2011). Surprisingly, these effects are not dependent on IGF1R 
but instead require IGF2R, an additional, non-RTK receptor with preferential affinity to IGF2. 
The affinity of mammalian IGF2R to IGF2 is widely assumed to be a result of a recent 
evolutionary gain of function observed exclusively in mammals. In most metazoans, the 
orthologs of IGF2Rs function in lysosomal sorting. To test if IGF2-mediated enhancement of 
memory is indeed dependent on its interaction with IGF2R, we studied the effect of human IGF2 
on long-term facilitation (LTF) of sensorimotor (SN-MN) synapses in Aplysia, whose IGF and 
IGF2R orthologs lack all residues critical for their interaction in mammals. Strikingly, a 1h 
pretreatment of the pleural-pedal ganglia (which contain the SNs and MNs) with human IGF2 
subsequently enhanced activity-dependent LTF, indicating that IGF2 can act independently of 
IGF2R. 
To study this effect further, we monitored the state of multiple intracellular signaling pathways 
upon IGF2 treatment. Surprisingly, administration of IGF2 caused an acute repression of 
phosphorylation by multiple key Ser/Thr kinases (PKA, PKC and Akt) in SN-MN synapses, but 
especially in the somata of SNs, which are located in the pleural ganglion (separated from the 
synaptic compartment by the pleural-pedal connective). This repression was abolished (i) by 
IGF1R inhibitors, and (ii) when the connective was severed before treatment with IGF2, 
suggesting that retrograde signaling from the synapse to the soma is required to repress Ser/Thr 
kinases in response to IGF2. Consistent with this view, when the connective was severed prior to 
IGF2 delivery, IGF2 now produced activation of Ser/Thr kinases in the SN somata. Finally, 
when ganglia were pretreated with IGF2 for a short period (15 min), subsequent induction of 
LTF was decreased, consistent with the acute repression of Ser/Thr kinases. Thus, our results 
reveal the presence of at least two opposing, temporally and spatially specific effects of IGF2 on 
LTF, and further, suggest the surprising conclusion that the enhancement of LTF by IGFs 
precedes evolutionary acquisition of IGF2:IGF2R binding. 
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Abstract: When Aplysia is exposed to aversive stimuli, it exhibits concurrent enhancement of 
defensive withdrawal reflexes (i.e., sensitization) and suppression of feeding. The duration of 
these behavioral modifications depends on the amount of training, with a single sensitization trial 
inducing changes lasting for at least 2 h, but not for 24 h, and four repeated trials inducing long-
term changes persisting up to 24 h (Acheampong et al. 2012). 
Our lab has recently identified decision-making neuron B51 as a site of plasticity underlying the 
training-induced suppression of feeding. In particular, sensitization training causes an increase of 
B51 burst threshold, which is indicative of a decrease of the neuron’s intrinsic excitability 
(Shields-Johnson et al. 2013; Weisz et al. 2013). The goal of this project was to investigate 
which second-messenger system(s) was responsible for the decrease of B51 intrinsic excitability. 
Previous findings indicate that elevation of the cytosolic levels of cAMP produced an increase of 
B51 intrinsic excitability. Therefore, we tested the hypothesis that another cyclic nucleotide, 
cGMP, could contribute to the decrease of B51excitability induced by sensitization training. 
Either cGMP or vehicle was iontophoretically injected into B51 using pulses of hyperpolarizing 
current of -20 nA. To mimic the single-trial sensitization paradigm, one 30-s pulse was used. The 
membrane properties of B51 (i.e., burst threshold, resting potential and input resistance) were 
measured prior to and at different time points after injection (15 min, 30 min, 45 min, 1 h, 2 h). 
Following cGMP injection, B51 burst threshold was significantly increased for up to 45 min, 
compared to the vehicle-injected cells. B51 burst threshold did not differ statistically between the 
two groups at the 1 and 2 h time points. No cGMP-induced changes in resting potential or input 
resistance were observed at any time point. 
To mimic the long-term sensitization paradigm, we used a treatment consisting of four 30-s 
pulses of injected cGMP/vehicle, spaced 30 min apart. B51 membrane properties were measured 
prior to and 24 h after treatment. Twenty-four hours after treatment, B51 burst threshold was 
significantly increased in the cGMP group, compared to the vehicle group. No cGMP-induced 
changes in resting potential or input resistance were observed 24 h after treatment. 



These findings indicate that cGMP injection induced a decrease of B51 excitability analogous to 
that produced by both single-and multiple-trial sensitization training protocols. 
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Abstract: The ways in which organization of individual neurons into circuits enables learning, 
memory and other brain functions is poorly understood. With the advancement in large-scale 
simultaneous neuronal recording techniques, it is becoming possible to delineate the circuits 
underlying these recordings, which will also enable us to examine reorganization of these circuits 
during learning processes. In our experiments, multichannel analog data was obtained from the 
buccal ganglion of Aplysia using voltage sensitive dye (VSD) recording and converted into 
binary spike trains. Directed information (DI) was used to measure unidirectional influence 
between neuron pairs, with context tree maximizing (CTM) algorithm serving as the estimator 
for their stochastic properties. CTM is a data-driven, consistent estimator that automatically finds 
the best model based on a cost criterion. The analyses also included other biophysical properties 
such as whether the connections are excitatory or inhibitory and whether their actions were fast 
or slow. A connectivity diagram with neurons as nodes and connections as edges was then 
generated and parameters such as the in-/out-degree and the net-flow of a node were calculated. 
The method was validated using several realistic Hodgkin-Huxley network models where it not 
only correctly identified the direct connections but also was robust against synapses with 
nonlinear dynamic properties such as depression and facilitation. The algorithm was applied to 
VSD recordings. It detected several putative connections, sources, and sinks. This method of 
augmenting large-scale recording techniques with signal processing tools to construct functional 
connectomes offers an automated tool to map neural circuits and the ability to capture changes in 



synaptic strength as well as the saliency of neurons across different epochs, which will help 
identify network modifications due to learning and decision-making. 
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Title: Mechanism of doxorubicin-mediated persistent ERK activation and enhanced excitability 
in Aplysia sensory neurons 
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Abstract: Chemotherapy-induced learning and memory deficits are gaining attention given the 
increasing number of cancer survivors. Elucidation of the molecular and biophysical 
perturbations to neurons induced by chemotherapeutic agents may provide insights into 
mechanisms underlying cognitive deficits. A single, brief exposure of Aplysia sensory neurons 
(SNs) to the anthracycline doxorubicin (DOX) leads to an increase in levels of phosphorylated 
extracellular signal-regulated kinase (pERK) and p38 mitogen-activated protein kinase (p-p38 
MAPK) immediately after treatment. DOX also leads to an increase in SN excitability 24 h after 
treatment (Liu et al., J. Neurosci. 34:13289, 2014). The increase in pERK persists for 24 h after 
treatment while the increase in p-p38 MAPK reverses within 2 h of treatment cessation 
(Lakshminarasimhan et al., 2015). Here, we investigated the persistence of, and mechanism 
underlying the DOX-induced excitability change and phosphorylation of ERK. DOX treatment 
resulted in a persistent increase in SN excitability for as long as 48 h after treatment (p = 0.0001), 
accompanied by a decrease in firing threshold (p = 0.0001), and an increase in input resistance (p 
= 0.001). U0126, a MEK inhibitor and SB 203580, a p38 MAPK inhibitor, were used to examine 
the role of ERK and p38 MAPK activation in the persistent increase in excitability. Application 
of U0126 concurrently with DOX prevented the increase in excitability 24 h after treatment (p = 
0.009). In contrast, application of SB 203580 during DOX treatment did not affect excitability (p 
= 0.7). Therefore, the long-lasting increase in excitability appears dependent on ERK but not p38 



MAPK activation during DOX treatment. Application of U0126 concurrently with DOX did not 
prevent the persistent activation of ERK (p = 0.6). Application of U0126 at a later time point (23 
h after the end of DOX treatment) also did not reverse the activation of ERK at 24 h (p = 0.5). 
Application of SB 203580 during DOX treatment did not affect the persistent activation of ERK 
at 24 h (p = 0.7). Collectively, these results suggest that mechanisms other than MEK activation 
may be required for persistent ERK activation. Further, long-lasting ERK activation and 
excitability may be mediated by different mechanisms. Persistent enhancement of ERK 
activation and excitability are similar to changes that occur during learning, suggesting the 
memory deficits associated with chemobrain may be due to occlusion or saturation of the 
underlying pathways. 
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Abstract: VSD imaging can be used to simultaneously record spike activity in 10s-100s of 
neurons, which provides important advances in our understanding of circuit dynamics. To better 
understand the physiological role of the neuronal activity it is important to identify the recorded 
neurons which requires information of not only the size, position, and phasic activity but also the 
axonal projections of each neuron. Previous research has combined extracellular nerve recording 
and VSD to characterize neuronal projections of neurons in the feeding network of Aplysia 
(Morton et al. 1991), but did not attempt to identify the recorded neurons. Here we combined 
VSD recordings and extracellular nerve recordings to identify neurons in order to ascertain their 
role in feeding motor patterns. A first step in the process was a meta-analysis of previous 
extensive research characterizing the neurons of the buccal ganglia. Of the 51 neurons that have 
been studied to date about 14% were local interneurons, 45% send a single ipsilateral projection, 



and 18% send projections through multiple nerves. The phasic activity of all neurons was also 
categorized. 63% were active during either protraction or retraction or both, while only 10% 
were active during post-retraction. We next characterized the projections and phasic activity of 
neurons and compared our results with our catalogue in order to identify neurons. Suction 
electrodes were applied to 7 nerves that connect the buccal ganglia to the periphery (ipsi and 
contra Bn1,2,3 and ipsi-Rn). Ganglia were stained with RH-155 and the activity of the nerves 
and VSD were recorded simultaneously for two (2 min) recordings separated by 15 min. A 
projection was considered to occur if a spike in the nerve followed a spike in the cell with a 
consistent delay. Using this information from the meta-analysis we identified up to 9 neurons 
during a single recording. With future experiments we hope to refine our methods to increase our 
ability to identify neurons and to identify new neurons which have yet to be characterized. We 
hope to use this technique in the future to track changes in each neuron before and after learning 
and compare the changes of each neuron between animals. 
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Abstract: Long-term memories can be maintained indefinitely, but most encoded memories are 
eventually forgotten. How, then, are long-term memories maintained? And is forgetting due 
simply to the passive decay of maintenance mechanisms or to an active removal process? We are 
addressing these questions through the study of long-term sensitization (LTS) of the tail-elicited 
siphon-withdrawal reflex of Aplysia californica. Specifically, we are combining microarray, 
qPCR, and promoter analysis to characterize the transcriptional networks activated at 1 hour, 1 
day, and 1 week after the induction of LTS, time-points which reflect encoding, maintenance, 
and forgetting, respectively. Our approach leverages several strategies to ensure high sensitivity 



and replicability: adequate sample sizes, confirmation in independent samples, within-subjects 
comparisons, and a focus on a single, homogenous set of neurons specifically involved in the 
expression of LTS memory. Our results show that initial encoding produces strong and rapid 
regulation of about 80 transcripts. This initial transcriptional response to LTS training ramifies 
during maintenance, with over 600 transcripts strongly regulated 1 day after induction. As 
forgetting sets in, essentially all of these maintenance-related transcriptional changes fade away, 
but overlaid on this decay process there seems to be an activation of a very small set of putative 
forgetting-related transcripts. We are now seeking to identify promoter motifs that help 
coordinate the transcriptional responses related to encoding, maintenance, and forgetting. 
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Abstract: Taste is an important sense for determining whether the intaken food to be ingested or 
rejected for survival. A marine gastropod Aplysia has large neurons and shows clear taste 
preferences, which is modified by the experience and learning. We attempted to analyze the 
neural network which generates ingestive or rejective response by using fluorescent voltage 
sensitive dye (VSD) imaging. Buccal mass and buccal ganglion was isolated with retaining 
connection between them via buccal nerves. The neurons in the ganglion were stained with VSD 
(Di-4-ANEPPS) in the presence of tetraethylammonium (TEA) chloride to prolong the action 
potential. Then the responses of the fluorescent image were monitored after administration of 
preferred (L-asparagine, Undaria, Porphyra) or unpreferred taste (distilled water, L-aspartic 
acids) to radula inside the buccal mass. VSD imaging revealed that theVSD imaging revealed 
that the S cluster neurons responded to unpreferred taste more rapidly (latency of ca. 2 s) than 
preferred one (latency of ca. 4 s). In the present experiments Aplysia learned to reject L-



asparagine by an electrical shock during tasting it. Then the latency of the S-cluster response to 
the L-asparagine in the trained Aplysia was shortened to 2 s like that to the unpreferred tastes. 
Conversely Aplysia learned to inject L-asparatic acid by the subsequent rewarding with Porphyra 
extract. Then the latency of the S-cluster response to the L-asparatic acid in the trained Aplysia 
was prolonged to 4 s like that to the preferred tastes. These results indicate that the peripheral 
neural circuit probably decides the behavior responding to the taste before the S-cluster neurons 
receive the signals of the taste. 
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Title: Epitranscriptomic landscape of single neurons: Insights in the memory mechanisms 
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Abstract: Post-transcriptional changes in RNA have the potential to influence the epigenetic 
landscape. There are over a hundred RNA modifications. These chemical changes to nucleotides 
do not alter the sequence of RNA but can alter gene expression and has recently been described 
as part of a so-called epitranscriptome. Methylation of adenosine to N6-methyladenine (m6A) is 
the most prevalent internal modification on mRNA and long non-coding RNA with up to 20% of 
the human mRNA methylated. However, little is known about biological roles of RNA 
modifications. Here, we used Aplysia californica, a prominent model organisms to study learning 
and memory, and directly chemically characterized the scope of the epitranscriptome focusing at 
the level of individual functionally identified neurons. We determine that 4% of the total RNA 
was methylated in Aplysia. RNA-seq and computation analysis of the Aplysia genome shows 
that all the enzyme families involved in RNA methylation/demethylation are present in varying 
amounts from developmental states to single neurons following neuroplasticity tests. For the first 



time RNA modifications were identified and quantified in single neurons using ultrasensitive 
mass spectrometry (MS) in combination ultra-high performance liquid chromatography. 
Different cholinergic neurons in Aplysia showed different and distinct RNA modifications. In 
addition to the RNA modification, we also discover cell- and tissue specific RNA editing in 
Aplysia. This adds another layer to the epigenetic regulation forming a complex 
epitranscriptomic landscape. RNA editing is a process of targeted alterations of nucleotides in all 
types of RNA molecules (e.g., rRNA, tRNA, mRNA, and miRNA). As a result, the 
transcriptional output differs from its genomic DNA template. RNA editing can be defined both 
by biochemical mechanisms and by enzymes that perform these reactions. We found full a 
repertoire of predicted RNA-editing enzymes in the genome of Aplysia including several 
expansions of enzyme families compared to what has been described in mammals. In summary 
our data indicate that both single-cell transcriptome and epitranscriptomes are unique features of 
identified neurons providing novel insights into genomic bases of neuronal individuality and 
plasticity. 
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Abstract: The transition from short-term facilitation (STF) to intermediate-term facilitation 
(ITF) produced by 5-HT at sensorimotor neuron synapses of Aplysia is characterized by two 
major changes: the recruitment of postsynaptic as well as presynaptic mechanisms of facilitation 



and the activation of protein synthesis in both the presynaptic and postsynaptic neurons (Jin et 
al., 2011). We found that spontaneous glutamate release from the presynaptic neuron acts as an 
anterograde signal to recruit postsynaptic mechanisms during the induction of ITF (Jin et al., 
2012a, b). Aplysia neurotrophin (ApNT) released from the presynaptic neuron also contributes to 
the recruitment of postsynaptic mechanisms by (1) acting as an autocrine signal that forms a 
positive feedback loop with its receptor (ApTrk receptor) and PKA in the presynaptic neuron, 
thus enhancing spontaneous release of glutamate and ApNT (permissive role), and (2) acting as 
an anterograde signal to activate ApTrk receptors on the postsynaptic neuron during the 
induction of the ITF (Jin et al., Soc. Neurosci. Abstr. 2014, 2015). We have now asked, how is 
protein synthesis activated during the transition to ITF? We find that the positive feedback loop 
also regulates protein synthesis in the presynaptic neuron through activation of presynaptic 
ApTrk receptors. In vertebrates, activation of the TrkB receptor by its ligand BDNF induces 
protein synthesis via two downstream signaling pathways, PI3K/Akt and Ras/ERK (Robinet and 
Pellerin, 2010). We found that activation of presynaptic ApTrk receptors in Aplysia also 
increased the amount of p-AKT and p-ERK1/2 in the presynaptic neuron (p< 0.001 for both) and 
more specifically, the activation increased the amount of phospho-eukaryotic translation 
initiation factor 4E (p-eIF4E), the rate-limiting component of the eukaryotic translation apparatus 
(p< 0.001). Consistent with these results bath application of the protein synthesis inhibitor 
anisomycin reduced the increase in mini frequency produced either by mature ApNT or by 
activation of the presynaptic ApTrk receptor (p< 0.05 for both). These results suggest that the 
positive feedback loop in the presynaptic neuron plays two major roles during the induction of 
the ITF: (1) it contributes to the recruitment of postsynaptic mechanisms and (2) it regulates 
protein synthesis in the presynaptic neuron. The positive feedback loop may also play an 
important role in the transition to long-term facilitation (LTF) by increasing the levels of 
presynaptic PKA and MAPK sufficient for translocation of these two kinases into the nucleus, 
where they activate transcription during the induction of LTF (Martin et al., 1997). 
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Abstract: The mechanisms that constrain memory formation are of special interest because they 
provide insights into the brain’s memory management systems and potential avenues for 
correcting cognitive disorders. RNAi knockdown in the Drosophila mushroom body neurons 
(MBn) of a newly discovered memory suppressor gene, Solute Carrier DmSLC22A, a member 
of the organic cation transporter family, enhances olfactory memory expression, while 
overexpression inhibits it. Immunohistochemistry coupled with super-resolution microscopy 
revealed that the protein localizes to the dendrites of the MBn, surrounding the presynaptic 
terminals of cholinergic afferent fibers from projection neurons (Pn). Transport assays using 
expression of DmSLC22A in HEK 293 cells and Drosophila primary neurons show that this 
plasma membrane protein transports cholinergic compounds with the highest affinity among a 
battery of in vitro substrates that were tested. Feeding flies choline enhanced memory; an effect 
blocked by overexpression of the transporter in the MBn. Functional imaging indicates that 
DmSLC22A knockdown enhances the calcium responses at the MBn calyx due to odor-triggered 
excitation of cholinergic Pn, while overexpression restrains them. Furthermore, genetic 
manipulation of cholinergic neurotransmission at Pn:MBn synapses revealed that overexpression 
of DmSLC22A in MBn suppresses the enhanced memory expression due to AChE knockdown 
in the Pn. The combined data show that DmSLC22A is a memory suppressor protein that limits 
memory formation by helping to terminate cholinergic neurotransmission at the Pn/MBn 
synapse. 
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Abstract: Forgetting, one part of the brain's memory management system, provides balance to 
the encoding and the consolidation of new information by removing unused or unwanted 
memories or by suppressing their expression. Recent studies identified the small G-protein, 
Rac1, as a key player in the Drosophila mushroom bodies neurons (MBn) for, active forgetting. 
Subsequently it was discovered that a few dopaminergic neurons (DAn) that innervate the MBn 
mediate forgetting. Here we show that Scribble, a scaffolding protein known primarily for its 
role as a cell polarity determinant, piece together the intracellular molecular machinery that 
constitutes the signal for normal forgetting. Knocking down scribble expression in either MBn or 
DAn impairs normal memory loss. Scribble interacts physically and genetically with Rac1, Pak3 
and Cofilin within MBn, nucleating a forgetting signalosome that is downstream of 
dopaminergic inputs that regulate forgetting. These results bind unrelated molecular players in 
active forgetting into a single signaling pathway: Dopamine>Dopamine Receptor> Scribble> 
Rac> Cofilin. 

Disclosures:  I. Cervantes-Sandoval: None. M. Chakraborty: None. C.M. MacMullen: 
None. R.L. Davis: None. 

Poster 

642. Learning and Memory: Invertebrates 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 642.23/KKK39 

Topic: H.01. Animal Cognition and Behavior 

Title: The role of presynaptic D2 receptor in dopamine neuronal excitability and synaptic release 
underlying Drosophila larval olfactory associative learning 

Authors: C. QI1, *D. LEE2;  
1Biol. Sci., 2Ohio Univ., Athens, OH 

Abstract: Dopamine (DA) plays an important role in modulating neuronal signaling and 
cognition. Therefore, understanding the molecular properties of DA signaling is an essential step 
in decoding the sub-cellular physiology underlying associative learning. The physiological 



functions of DA are mediated through G-protein coupled receptors. Generally, DA receptors can 
be divided into two subfamilies: excitatory D1- and inhibitory D2-like receptors. In Drosophila 
melanogaster, it has been shown that postsynaptic D1 receptors are involved in associative 
olfactory learning both in adults and larvae. However, it is expected that inhibitory D2 
autoreceptors modulating synaptic DA release also play a crucial role in olfactory learning. 
Currently, little is known about the role of presynaptic D2 receptors (DD2R) in Drosophila 
associative learning. In this study, we wanted to examine how presynaptic DD2R regulates 
functional properties of DA neurons and thus olfactory learning in Drosophila.First, we 
examined the role of presynaptic DD2Rs in Drosophila larval associative learning. In the 
olfactory conditioning, an odor pentyl acetate was used as a conditional stimulus (CS), and 1M 
sucrose (appetitive) or 0.1 percent quinine (aversive) was used as an unconditional stimulus 
(US). Late third instar larvae (92-96h) were collected and trained for 30 min, then their 
performance towards CS was tested and compared to the control group with no US. Using a 
UAS-DD2R-RNAi line crossed with a DA-specific driver (TH-Gal4), we observed that 
knockdown of presynaptic DD2R impaired both appetitive and aversive learning in F1 larvae. As 
DD2R is an inhibitory G-protein coupled receptor, we hypothesized that, DD2R autoreceptor 
mediates olfactory learning through down-regulation of DA neuronal excitability and presynaptic 
DA release. In a well-established Drosophila primary neuronal culture, action potential (AP) 
frequency in GFP-marked DA neurons can be measured using the whole-cell patch technique. 
Our results show that the DA neuronal AP frequency was inhibited by a D2 agonist quinpirole 
(10 microM), indicating an inhibitory role of DD2R in DA neuronal excitability. Further, we 
were able to measure distinct DA synaptic currents in GFP-marked DA neuronal processes using 
amperometry method with a carbon-fiber electrode. We are currently examining the role of 
DD2R autoreceptors in DA neuronal excitability and synaptic DA release using genetic and 
pharmacological approaches. We also plan to study the role of presynaptic D2 receptors in DA 
neuronal excitability and synaptic DA release in the intact larval brain. 
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Abstract: Dopamine (DA) is known to be involved in assigning value to events, in both in 
vertebrates and in invertebrates. For instance, in Drosophila, DA neurons are known to play an 
essential role in associative conditioning. The valence of learning depends on the DA cluster 
involved: whereas the protocerebral anterior medial cluster (PAM) mediates appetitive 
conditioning, the protocerebral posterior lateral cluster 1 (PPL1) mediates aversive conditioning. 
Studies in the fruit fly have focused in these two clusters because the neurons in these clusters 
project to the mushroom body, an essential brain structure for olfactory classical conditioning. It 
is currently not known to which extent DA neurons are involved in modulating ongoing action 
selection and choice behavior. For assessing the role of different sub-populations of DA neurons 
in mediating valence, we took advantage of flies expressing the optogenetic channel Chrimson 
under different DA promoters. These transgenic flies were tested in different decision-making 
paradigms where reinforcement is contingent on their ongoing choices. Our results highlight the 
potential, but also the technical hurdles which need to be surmounted to unleash the potential of 
this optogenetic technique in behaving animals. In addition we construct a model with estimated 
valences for each of the DA clusters to explain the fly behavior under these conditions. Taken 
together, the results suggest that there may not be a clear relationship between which neurons 
mediate, say, appetitive classical conditioning and which neurons can functionally replace 
reward or punishment in operant situations. 
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Abstract: During insect development, the endocrine peptide ecdysis triggering hormone (ETH) 
regulates ecdysis (cuticle shedding) by orchestrating sequential activity in downstream 
peptidergic ensembles. Although ETH signaling molecules persist during adulthood in 
Drosophila, their functional roles have yet to be revealed. Here we show that ETH is required for 
Drosophila long-term memory (LTM) performance through direct and indirect actions on the 
mushroom body. ETH promotes juvenile hormone (JH) synthesis during adulthood. Suppression 
of ETH and JH signaling in adult males impairs LTM. In particular, RNA knockdown of either 
ETH or JH receptors in mushroom body neurons compromises LTM, revealing a hormonal 
convergence in the same functional subdivision to regulate memory formation. Increased release 
of ETH not only improves LTM performance by the traditional conditioning, but also reduces 
the training period necessary for memory formation. ETH enhancement also leads to longer-
lasting memory. Our findings suggest a model for convergence of ETH and JH signaling in 
Drosophila LTM formation that parallels previously reported instances in mammalian models. 
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Abstract: Galactosemia is a rare genetic disorder that affects 1 in 50,000 newborns and can lead 
to infant death if dietary galactose is not removed immediately. Three types of galactosemia have 
been described, one for each of the three enzymes within the galactose metabolism pathway (the 
Leloir pathway). The most prevalent - type 1 - or loss of function of galactose-1-phosphate 
uridyltransferase (GALT) gene is known as classic galactosemia (CG). Even with removal of 
dietary galactose and alleviation of acute symptoms, chronic disease states are associated with 
neural dysfunction and behavioral changes. Models of GALT loss have been established in yeast, 
mouse, and Drosophila. While each of these models has their limits, experiments demonstrate 
oxidative stress and glycosylation defects as primary factors responsible for neuronal changes. 



With this, we hypothesize that drastic cellular changes with loss of GALT will result in 
behavioral changes. Preliminary results with a dGALT10 mutant fly show an abnormal latency 
to re-explore after training in place learning. Due to the nature of the dGALT10 allele, we are 
generating a new GALT-null mutant in which we specifically excise the catalytic domain. We 
will test for cellular and behavioral changes in this new model, which will provide targets for 
treatments in CG patients. 
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Abstract: Decision-making, behaviorally, is a process of choosing between at least two options. 
Using a novel behavior setup, we study freely-moving flies’ learning the and decision-making 
process and mechanisms underlying such processes in the fruit fly, Drosophila melanogaster. 
Can flies make decisions against their innate behaviors? To answer this question, I built a novel 
behavior apparatus in which single flies experienced heat stress when and only when it was 
moving. Flies have an innate heat avoidance behavior. When they experience uncomfortable 
heat, they increase their locomotion activity. In this new paradigm, flies were trained to stop 
walking when encountering heat. After two spaced training sessions, flies showed significant 
inhibition of their locomotion activity compared to controls. 
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Title: Cdc42-dependent forgetting regulates repetition effect in prolonging memory retention 
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Abstract: Repeated learning is a daily-used and powerful way to improve memory. A 
fundamental question is how multiple learning trials add up to improve memory. While the 
major studies of such a repetition effect so far all emphasize the strengthening of memory 
formation, the current study reveals a novel molecular mechanism through suppression of 
forgetting. We find that single-session training leads to formation of anesthesia-resistant memory 
(ARM) and then activation of the small G protein Cdc42 to cause decay or forgetting of ARM 
within 24 hrs. Repetition suppresses the activation of Cdc42-dependent forgetting, instead of 
enhancing ARM formation, leading to prolonged ARM. Consistently, inhibition of Cdc42 
activity through genetic manipulation mimicked the repetition effect while repetition-induced 
ARM improvement is abolished by elevated Cdc42 activity. Thus, only the first session in 
repetitive training contributes to ARM formation, while the subsequent sessions are not devoted 
to acquiring information, but to inhibiting forgetting. 
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Abstract: Dopamine has been established as a simple reinforcement signal in aversive and 
appetitive memory in fruit flies. Yet in mammalian systems, dopamine acts in accord with the 
difference of an experience from expectation (ie. prediction error). Specific dopamine neurons 
(DANs) can be activated by an aversive stimulus such as electric shock or reward stimulus such 
as sugar. We have found a population of DANs that not only represent Unconditioned Stimuli 
(US) but also respond to Conditioned Stimuli (CS) as a result of conditioning. We refer to them 
as plastic DANs (pDANs). In live imaging experiments, animals were presented with US and CS 
stimuli while neuronal Ca2+ activity was monitored. We found that some DANs that innervate 
the mushroom body (MB) lobes that respond to both US (shock) and CS (odor), including 
gamma3, gamma4,beta'1 and beta'2 DANs. Those DANs gradually generate differential 
responses to the CS+/CS-. For example, the gamma4 DAN diminishes its response to CS+ and 
increases/maintains its response to CS- during and after training with coincident US presentation. 
To further understand the functions of these special pDANs, we sought to uncover a collection of 
neurons that might work together with them in a network. We identified more mushroom body 
output neurons (MBONs) required for aversive memory and novel classes of plastic odor-
responsive neurons using the assay mentioned above. We found that MBONs, as expected, as 
well as a novel class of interneuron (Recurrent Loop Neurons,RLNs) feedback onto pDANs. 
Activation or inhibition of certain MBONs or RLNs can activate or inhibit pDANs. In addition, 
we found that some RLNs oscillate or burst in a certain way similar to pDANs. 
Considering that MBONs can be activated by odor-responsive intrinsic MB cells and that 
pDANs release dopamine onto these neurons, we propose a recurrent neural network model 
involving both intrinsic and extrinsic MB neurons. Our behavioral data indicates that this neural 
network is required to drive memory stabilization in Drosophila. In addition, training flies by 
standard electric shock paradigm not only induces aversion to CS+ but also attraction to CS-. We 
show that CS- activates appetitive DANs during aversive training, which induces attraction to 
CS-. Attraction to CS- further biases fly’s choices away from aversive CS+. 
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Abstract: The well-described nervous system and connectome of C. elegans allows for the study 
of plasticity mechanisms within identified neural networks and has led to the discovery of 
several mechanisms of learning and memory. The goal of the current work is to establish a 
Classical Conditioning protocol employing discrete stimuli to allow for precise and controlled 
stimulus delivery, and thus greater manipulation of training parameters to reveal both dynamics 
and mechanisms of connectome plasticity. Previously, our lab has paired a blue light (~480 nm; 
unconditioned stimulus) with a mild mechanosensory vibration (Vib; neutral stimulus) resulting 
in increased responsiveness to the Vib stimulus alone, considered to have resulted from the 
convergence of neuron activation signals likely at the command interneurons. When the number 
of pairings was increased to five, each pairing presented one minute apart, a more robust increase 
in responsiveness to the Vib stimulus alone was measured. To further probe the optimal training 
parameters for conditioning, the intertrial interval was increased to 5 minutes and extinction for 
this learning was explored. As well, the potential for spaced training to increase retention 
duration was also tested by delivering multiple pairings during distinct training periods. Finally, 
earlier studies in our lab have demonstrated the unc-43(gk452) mutant strain (ortholog to 
CaMKIIᵧ) shows a deficit in associative chemotaxis, therefore the role of this molecule in blue 
light/Vib network plasticity was also investigated. By introducing and characterizing a training 
protocol in C. elegans, whereby extent of associative conditioning can be prescribed, current and 
future studies aim to identify and examine mutants of additional signalling genes involved in 
network dynamics and learning. 
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Abstract: Ensembles of hippocampal CA1 place cells fire sequentially along the trajectory of 
the animal. The sequence of place cells expressed during run is replayed during post-run sleep, a 
phenomenon thought to represent the memory of the run experience. However, the sequence of 
place cell firing during run is also correlated with temporal sequences occurring during the pre-
run sleep periods, a phenomenon called preplay. Preplay is believed to represent the pre-
configuration of the hippocampal network into cellular assemblies and to facilitate the rapid 
encoding of novel spatial information in naïve animals. Activation of place cells during run in 
novel spatial environments results in stronger Bayesian decoding of animal’s trajectory during 
post-run (replay) compared with pre-run sleep (preplay) in previously trained rats. In contrast, in 
naïve mice, the incidence of temporal sequences of neuronal firing that are correlated with place 
cell sequences during run, calculated using template-matching procedure, is similar in the post-
run (replay) and pre-run sleep (preplay). To further understand the effect of run experience on 
the hippocampal network dynamics during sleep and explain the conflicting difference between 
decoding and template matching results, we performed recording of ensembles of CA1 neurons 
from two independent groups of adult naïve rats (group M, n=3; group Y, n=3). For each pre-run 
and post-run session, using template matching method, each temporal sequence event during 
sleep was correlated with the place cell sequences during run (two templates/animal; data 
correlations) and the results were compared with correlations between the temporal sequence 
event and 500-times shuffled place cell sequences (1,000 shuffles/event, using 2 templates; 
shuffle correlations). The results for the two independent groups of rats were remarkably similar. 
Both pre-run and post-run events were stronger correlated with the run templates (data 
correlations) compared with the shuffle templates (shuffle correlations) and, for both groups, pre-
run and post-run correlations were not different. The incidences of significant preplay and replay 
events (template matching) were also not different. In contrast, for both groups, the average 
firing rates of pyramidal neurons were higher in the post-run compared with the pre-run sleep, 
which can explain the stronger Bayesian decoding of animal’s run trajectory during post-run 
(replay) compared with pre-run sleep (preplay). We propose that specific novel spatial 



experiences induce firing rate changes in the hippocampal network during sleep, which are 
integrated into stable, homeostatic ensemble temporal dynamics. 
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Title: Dynamic resonance controls oscillation frequency in optogenetically induced sharp-wave 
ripples. 
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Abstract: Neural processing occurs in parallel across circuits of varying complexity and size. 
Multiple streams of information are coordinated in time; yet, the brain lacks a fixed global clock. 
Variable myelination allows for fine tuning of transmission speeds and processing time, however 
myelination is relatively fixed, at least on time scales relevant to brain function. At these time 
scales, oscillatory dynamics in neural populations are thought to temporally coordinate activity. 
We describe a simple mechanism, governed by the interplay of excitatory and inhibitory 
processes, by which oscillatory activity varies over a range of frequencies. Using optogenetic 
light ramp stimuli to induce, rather than evoke, ripple frequency oscillations in area CA1 of 
freely moving mice, we characterized the dependence of oscillation frequency on the magnitude 
of the depolarizing input to pyramidal cell populations and using pharmacological manipulation, 
on the time constant of pacing GABAergic inhibition. A spiking network model is presented that 
captures the experimentally observed dynamics. As predicted by the model, CA1 exhibits locally 



governed resonance in the ripple frequency range that changes with the magnitude of the 
depolarizing input to the excitatory population. We propose that such an arrangement could 
allow the frequency of the oscillation, and therefore the temporal window of integration, to vary 
depending on the number or magnitude of active synaptic inputs, while holding input selectivity 
constant. Activity involving larger populations of cells, by virtue of the dynamics of E-I 
networks, would have increased processing speeds and shorter integration times. Such a 
mechanism could instantiate a dynamic time base that varies depending on the size of the active 
population, thus keeping overall integration time constant and allowing for efficient parallel 
processing. 
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Abstract: The ability to temporally organize information is fundamental to many perceptual, 
cognitive, and motor processes. Temporal organization is also a defining feature of episodic 
memory, as the memory for individual events includes information about when they occurred. In 
particular, the ability to remember sequential relationships among events or stimuli is shared by a 
variety of species including humans, non-human primates, and rodents. Our laboratory has 
recently developed and validated a cross-species paradigm to test nonspatial sequential memory; 
recent work using this approach has demonstrated that the hippocampus plays a critical role in 
this ability. Notably, whole hippocampal inactivations produce substantial deficits in the memory 



for a sequence of items (Allen et al., in prep.), and electrophysiological recordings show that 
dorsal CA1 neurons discriminate the temporal context in which items are presented (Allen et al., 
2016). In particular, such neurons fire differentially to odors depending on whether they were 
presented in sequence or out of sequence. Here, we aim to further investigate the specific 
hippocampal circuitry supporting this form of sequence memory and, specifically, the role of 
subregion CA3. Computational models suggest that CA3 may be particularly well-suited to code 
for sequential relationships among items because of its high degree of recurrent connections. To 
test this hypothesis, we compared the effects of whole CA3 inactivation to specific CA3-CA1 
projection inactivation using designer receptors exclusively activated by designer drugs 
(DREADDs). Subjects consisted of ten Long-Evans rats, who underwent bilateral infusions of 
either AAV9 (experimental virus) or rAAV8 (control virus) into dorsal CA3, as well as bilateral 
implantation of guide cannulae into dorsal CA1. After reaching criterion in the olfactory 
sequence memory task, neuronal inactivation is induced by clozapine-N-oxide (CNO) injections, 
with phosphate-buffered saline (PBS) as a control. Systemic CNO injections inactivate the entire 
CA3 subregion, whereas local infusions specifically block CA3-CA1 communication. This 
approach allows for testing the general contribution of CA3 as well as the specific role of the 
CA3-CA1 pathway in the ability to remember a sequence of items. 
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Abstract: The hippocampus plays a critical role in the memory for sequences of events, a 
defining feature of episodic memory. To shed light on the fundamental mechanisms supporting 



this capacity, we recently recorded neural activity in CA1 as rats performed a nonspatial odor 
sequence memory task (Allen et al., 2016, JNeurosci). Briefly, the task involves the presentation 
of repeated sequences of odors at a single port and requires rats to identify each item as “in 
sequence” or “out of sequence”. Our main finding was that, while the animals’ location and 
behavior remained constant, a proportion of CA1 neurons fired differentially to odors depending 
on whether they were presented in or out of sequence (sequence cells). Here, we further 
examined if such sequence coding varied along the distal-to-proximal axis of the dorsal CA1 
region, as suggested by recent anatomical and electrophysiological evidence that odor 
information may be more strongly represented in the distal segment (compared to the proximal 
segment, which may predominantly represent spatial information; Igarashi et al., 2014). 
Recorded neurons were grouped according to their targeted section of CA1, from distal (section 
1: ~1 mm ML) to proximal (section 4; ~5mm ML). Preliminary results indicate that while 
sequence cell coding was observed across the distal-to-proximal extent of CA1 we recorded, it 
was significantly higher near the transition zone between distal and proximal regions (section 2; 
~2.5mm ML). More specifically, in that particular segment of CA1, we observed an increase in 
the proportion of sequence cells, as well as an overall increase in the magnitude of sequence cell 
coding and in sequential information content (measured across all cells in that segment). These 
results suggest nonspatial sequence memory coding is not uniformly distributed along the 
transverse axis of CA1, and that this distribution does not simply follow the expected gradient 
based on the modality of the information. 
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Abstract: Cranial radiation-induced debilitating effects on cognition have long been observed in 
surviving brain cancer patients. However, the fundamental neural mechanisms causing these 
persistent cognitive decrements are still unclear. To address this issue, we used a rat model to 
quantify the progression of memory deficits induced by clinically-relevant doses of X-ray and 
examine the corresponding changes in neural activity. In the first experiment, rats were trained 
on a nonspatial sequence memory task, which was previously shown to have strong behavioral 
parallels in rats and humans (Allen et al., 2014) and to depend on similar hippocampal and 
prefrontal cortical circuits in both species (Allen et al., in prep; Boucquey et al., submitted). 
Briefly, the task involves repeated presentations of a sequence of four odors at a single odor port 
and requires rats to identify each odor as “in sequence” or “out of sequence.” After reaching 
criterion, rats underwent cranial radiation treatment and task performance was assessed over a 
period of 10 weeks. Performance on the task decreased 6 weeks after irradiation, consistent with 
past findings of radiation-induced cognitive decrements in common rodent behavioral paradigms 
associated with hippocampal and prefrontal function. In the second experiment, arrays of 
recording electrodes were implanted post-irradiation into task-critical and control brain regions. 
Local field potentials (LFP) were then recorded as rats ran along a two-dimensional track. 
Compared to controls, irradiated rats began showing changes in LFP power in radiosensitive 
hippocampal CA1 and CA3 subregions as early as 3 weeks post-irradiation (decreased power for 
frequencies < 8 Hz, increased power for 8-10 Hz). These data suggest that this approach can 
detect radiation-induced changes in neural activity prior to cognitive sequelae. Ongoing efforts 
are aimed at elucidating the cause of these changes in LFP activity and establishing a link with 
the subsequent emergence of behavioral impairments. 

Disclosures:  N.N. Chmielewski: None. C. Ng: None. J.S.A. Asem: None. G.A. Elias: 
None. C.L. Limoli: None. N.J. Fortin: None. 

Poster 

643. Neural Circuits for Timing, Temporal Processing, and Sequences 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 643.06/KKK52 

Topic: H.01. Animal Cognition and Behavior 

Support: NSF Grant IOS-1150292 

 NSF Grant BCS-1439267 



 NIDCD T32 DC010775 to G.A. Elias 

Title: Distinct contributions of hippocampal, prefrontal, perirhinal and nucleus reuniens regions 
to the memory for sequences of events 
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Abstract: A critical feature of episodic memory is the ability to remember the order of events as 
they occurred during an experience. Accumulating evidence indicates that this capacity is 
supported by a network of structures centered on the hippocampus (HC) and prefrontal cortex 
(PFC). However, the distinct contributions of the HC and PFC remain unclear and very little is 
known about the specific role of other structures in this network. To address this issue, we 
trained rats to criterion on a nonspatial sequence memory task, which involves repeated 
presentations of a sequence of odors in a single odor port and requires animals to correctly 
identifying whether each odor is presented “in sequence” or “out of sequence.” We then assessed 
task performance following localized temporary inactivations induced by infusions of 
fluorophore-conjugated muscimol, with saline infusions as control. Specifically, we examined 
the effects of inactivating HC or PFC (group 1) as well as regions with known anatomical and 
functional relationships with both structures, the perirhinal cortex and nucleus reuniens (PER, 
NRe; group 2). We found that overall performance was impaired after inactivation of each of 
these regions, indicating that they all make critical contributions to the ability to detect violations 
in the order of items presented in the sequence. Importantly, a detailed analysis of performance 
across odors and sequence positions revealed distinct patterns of impairment across regions. HC 
inactivations produced a modest impairment that was consistent across odors and positions, 
indicative of a general deficit in the ability to retrieve previously learned item-in-position 
associations. NRe inactivations produced an impairment of greater magnitude that was 
characterized by a flat accuracy gradient across all out of sequence items, suggesting an inability 
to take advantage of the representations that normally lead to higher performance on specific 
types of out of sequence items. In contrast, deficits following PFC inactivations appeared 
primarily due to an inability to keep track of the ordinal position in the sequence, and PER 
deficits to an inability to determine whether a repeated item is presented in its correct sequence 
position. Collectively these results demonstrate that each region makes distinct contributions to 
the memory of sequences of events. 
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Abstract: A key characteristic of episodic memory is its sequential organization. The 
hippocampus and prefrontal cortex have been identified as central structures within a network 
supporting the memory for sequences of events. In a recent study, we recorded neural activity in 
CA1 as rats performed a nonspatial odor sequence memory task and found that individual 
neurons coded for specific odors as well as specific conjunctions of odor and sequence position 
information (Allen et al., 2016, JNeurosci). Moreover, a significant proportion of CA1 neurons 
fired differentially whether odors were presented in the correct or incorrect sequence position, 
suggesting that the CA1 region plays a key role in sequence memory by supporting item-in-
position associations. Here, we recorded prefrontal neurons (prelimbic region) in rats performing 
the same task to examine the role of the prefrontal cortex in this form of sequence memory. 
Briefly, rats received repeated presentations of a sequence of odors and had to determine whether 
each odor was presented in the correct sequence position or not. Preliminary results show that a 
majority of prefrontal cells (~65%) exhibited increases in activity in relation to specific task 
events and/or behavioral responses, and that this activity was modulated by ordinal position 
within the sequence. The majority of these cells (~60%) modulated their firing rate linearly; 
either increasing or decreasing their activity across sequence position. The remaining cells 
(~40%) exhibited a non-linear modulation across sequence positions, characterized either by 
preferential firing to the first and last sequence position (u-shaped function across positions) or to 
the intermediate positions (inverted-u function). Importantly, positional modulation in prefrontal 
neurons was present in time windows that preceded odor presentation, indicating that these cells 
represented the sequence position of the upcoming trial. This high prevalence and diversity of 
ordinal position coding in prefrontal neurons starkly contrasts with the high prevalence of odor 
and odor-in-position coding observed in CA1, highlighting that hippocampal and prefrontal 



circuits make distinct contributions to sequence memory. Specifically, these results suggest that 
the prefrontal cortex plays a key role by dynamically tracking the animal’s ordinal position 
within a sequence of events. 
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Abstract: Malformations of cortical development (MCDs) are structural and functional 
disruptions in neural networks. These network abnormalities are associated with learning and 
memory impairments and epilepsy. It is not known whether learning and memory can be 
improved, and if such improvement is possible, what the neural network therapeutic targets are. 
Injection of methylazoxymethanol acetate (MAM) at embryonic day (E) 17 produces a rat model 
that recapitulates many aspects of human MCDs, including cognitive deficits. We recently 
showed that environmental enrichment improves spatial cognition in MAM rats, although the 
mechanism for this is unknown. Using in vivo single unit recording, we show here that 
environmental enrichment completely resolves abnormal fine spike timing characteristics of CA1 
hippocampal pyramidal cells in MAM animals. This is associated with improvement in spatial 
coherence, a surrogate measure of spatial cognition. We characterized fine spike timing using a 
neuronal endophenotype called a post-spike filter (PSF) and show that environmental enrichment 
restores the number of neurons that exhibit temporally modulated firing. Among neurons with 
temporal structure, the PSFs in MAM neurons show that neuronal firing is less precisely 
modulated, particularly in theta (6-12 Hz), indicating poorer temporal coding in MAM animals. 
Remarkably, environmental enrichment completely normalizes these changes. Moreover, PSF 



parameters predict the spatial coherence of pyramidal cells, suggesting that coherence is 
dependent on circuit-level mechanisms that determine fine spike timing and that modulation of 
fine spike timing may be the mechanism by which spatial coherence is restored. MAM enriched 
animals have more PV interneurons than unenriched counterparts providing a potential cellular 
mechanism for improvements in temporal firing. This is the first system-level mechanism of 
cognitive improvement after environmental modification that has been shown in any model of 
human neurological disease. The results have far-reaching implications, as they suggest that even 
developmentally abnormal neural networks can be improved postnatally and that interneuron 
modulation could be a novel therapeutic approach for improving cognitive outcomes in 
neurological disease. 
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Abstract: In animals’ environments many biologically significant events occur with spatial and 
temporal regularity. The ability of an animal to learn the spatiotemporal variability of stimuli is 
known as time-place learning (TPL). The present study investigated the interaction between a 
Food Entrainable Oscillator (FEO) and the Light Entrainable Oscillator (LEO) in a daily TPL 
task. Rats were trained in an operant conditioning chamber that contained two levers that 
distributed a food reward such that one lever provided a food reward in morning sessions, while 
the other lever provided food in afternoon sessions. We expected that having access to an FEO, 
in addition to the LEO, would provide rats with more accurate depictions of time of day, leading 
to better performance. Rats received either one meal per day (1M group), which allowed them to 



have access to the FEO, or many meals per day (MM group), which did not allow them to have 
access to the FEO. As predicted, 1M rats had a significantly higher percentage of correct presses 
than MM rats across nine blocks. Once rats successfully learn the task, they will be made 
arrhythmic by shifting the light dark cycle by 3 hours per day as in Zelinski, Hong, & McDonald, 
2014 to determine the effect of disruption of the LEO on the task. Manipulation of the light dark 
cycle will allow for a better understanding of the interaction between the LEO and FEO, 
therefore providing a more complete understanding of how circadian rhythms are related to 
learning and memory. 
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Abstract: The cerebellum is involved in the temporal control of action. Here we explored the 
activity single neurons in the lateral (dentate) cerebellar nuclei (LCNs) in interval timing on the 
scale of seconds. We hypothesized that cerebellar neurons would similarly encode suprasecond 
epochs of time in both animals. We found that inactivating the cerebellum with GABA agonist, 
muscimol, impaired interval timing, while optogenetic stimulation and infusions of GABA 
antagonist, gabazine, could improve interval timing. This was particularly apparent in animals 



with frontal dysfunction. To study LCNs neurons, we implanted recording electrodes in LCNs in 
rodents trained to estimate 3 and 12 second intervals. We found that LCNs have robust temporal 
processing and cue-evoked burst of low-frequency activity. To further explore this phenomenon, 
we analyze neuronal synchrony and population dynamics of neurons in the LCN during timing. 
We also examined LCN activity around movements and task events, and examined the 
relationship of cerebellar neuronal activity to cerebellar field potentials. We compared cerebellar 
LFP activity in rodents to EEG activity from cerebellar regions in humans. These data could 
have relevance for understanding the role of the cerebellum in temporal processing. 
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Abstract: Autism spectrum disorders involve abnormalities across brain systems, resulting in a 
myriad of symptoms including behavior inflexibility, cognitive dysfunction, learning 
impairment, altered social interactions, and time perception. Recently, it was reported that a 
common variant in the Wnt gene PRICKLE2 was present in individuals with autism. Providing 
additional support for the role of Prickle2 in autism, mice with disrupted Prickle2 exhibit similar 
phenotypes to individuals with autism including altered social interaction, learning impairments, 
and behavioral inflexibility. Additionally, Prickle2 disruption results in hippocampal neuronal 



abnormalities including reduced dendritic branching, synapse number, and post-synaptic density 
size. Autism can involve the cerebellum. As Prickle2 is strongly expressed in Purkinje cells, this 
animal model presents a unique opportunity to investigate cerebellar abnormalities associated 
with autism-like phenotypes. We studied the performance of Prickle2 knockout mice in interval 
timing, a task that requires subjects to estimate an interval of several seconds using a motor 
response that involves the cerebellum. Prickle2 knockout mice trained in a fixed 12 second 
interval task were impaired during the first 3 days of learning. Over successive days of training 
they acquired accurate timing to the level of litter mate controls. Additionally, we explore 
structural abnormalities in animals with Prickle2 disruption using immunohistochemistry and 
stereology. These data suggest a role of the cerebellum in cognition and could inspire novel 
cerebellar-targeted treatments for cognitive impairments in autism spectrum disorders. 
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Abstract: The contributions of cortico-cerebellar and cortico-striatal circuits to timing and time 
perception has often been a point of contention. Dissociations between these two systems have 
been based on sub- vs. supra-second timing, duration-based vs. beat-based timing, and automatic 
vs. controlled timing. While some of these dichotomies arise out of different experimental 
constraints (e.g., psychophysical task or limitation in the range of time intervals studied), it is 
still uncertain whether these systems compete or cooperate with each other during temporal 
processing. We examined the cerebellum’s contribution during timing tasks as fMRI suggest a 
role in temporal processing. This is supported as the neural architecture of the cerebellum makes 
it an ideal structure for temporal processing, with Purkinje cells in the cerebellar hemispheres 
integrating temporal aspects of salient stimuli. Furthermore electrophysiological studies show 
neural activity in cerebellar deep nuclei are modulated by the temporal regularity of stimulus 
presentations. In the current study, we attempted to identify the role of the cerebellum in both 



sub- and supra-second timing using the duration bisection task with anchor durations of 200 vs. 
800 ms and 2 vs. 8 s alternating within subjects and between sessions. To initially investigate the 
different components of the cerebellar-striatal network, we lesioned the dentate nucleus 
bilaterally. This caused impairments in reversal learning suggesting an inability to adjust. In 
order to further investigate components of temporal processing, we used in vivo recording 
techniques to measure temporal properties in striatal neurons during supra-second peak 
procedure tasks. This work in addition to previous literature suggests cortical-thalamo-striatal 
networks lend themselves to continuation of timing as well as initiation and adjustment during 
rhythmic stimuli. This data allows us to establish a parsimonious framework for the roles of the 
cerebellum and striatum in terms initiation, continuation, adjustment, and termination phases of 
temporal processing. 
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Abstract: An integral component to the validity of timing models is their ability to accurately fit 
behavioral data from detection and discrimination tasks. Two of the most prominent timing 
models are the Sample Known Exactly (SKE), based on scalar timing theory, and the pseudo-
logistic model (PLM). Currently, there is no standard by which behavioral data is fit, resulting in 
the implementation of both theoretical and atheoretical models, such as generalized logistic 
functions (L4P). Additionally, evidence accumulation models based on drift diffusion processes 
(DDM) have been utilized for modeling temporal bisection data. As many facets of timing 
behavior are quite nuanced, such as differences in precision across sub- and supra-sec durations, 
the variation in fitting models makes the interpretation of conflicting results difficult. Therefore, 
a comparative evaluation of these models was conducted to assess their ability to capture both 
quantitative and qualitative properties of timing data from the duration bisection procedure. As 
the DDM fits temporal bisection data in a fundamentally different way than the other three 
models, analysis was limited to within model comparisons using varying parameterizations. 



Psychometric functions from rats, trained on a bisection task using sub-sec (200ms vs. 800ms.) 
and supra-sec (2s vs. 8s) conditions, were fit with each of the four models. Quantitative 
assessment of the fits used standard error of the regression (SE) as well as the Akaike 
Information Criterion (AIC) to evaluate model parsimony. The Weber fraction (WF) and point of 
subjective equality (PSE) were calculated for individuals and compared across both sub- and 
supra-sec durations within and between models. AIC analysis found the theoretical models vastly 
out performed the L4P, with the PLM being most parsimonious with the supra-sec data (AICc = 
-41.85), and the SKE and PLM both provided substantial explanatory power (Δi < 1) for sub-sec 
data. Furthermore, differences existed in the PSE with the PLM and L4P being significantly 
different from the AM for sub-sec durations, while the PSE for the SKE was not. Three DDM 
models were analyzed with varying degrees of freedom. The DDM allowing for non-decision 
time, drift rate, and starting point to vary across signal durations was found to provide far great 
explanatory power (Δi > 10) than the simpler models which only allowed for variation in drift 
rate or drift rate and starting point. These results demonstrate the need for a shift away from 
atheoretical models and towards theoretically based models such as the SKE or PLM, which 
provide greater parsimony as well as provide for greater qualitative analysis and interpretation of 
the data. 
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Abstract: The Temporal Bisection Task has been widely used for many decades in both human 
and nonhuman subjects to study the subjective perception of time. Briefly, on each trial subjects 
are presented with a probe duration and asked to report which of two previously learned 
reference durations the probe duration is closest to. The bisection point is given as the probe 
duration that elicits a “long” response 50% of the time. While human subjects tend to bisect near 



the arithmetic mean of the two reference durations, nonhuman subjects tend to bisect near the 
geometric mean. One possible explanation for this difference is that human and nonhuman 
subjects either perceive the passage of time or compute decisions regarding temporal information 
differently. Here we present an alternative explanation. 
Previously we developed a behavioral model that incorporates delay discounting of reward to 
guide behavior on a range of temporal processing tasks. This model not only provides a good fit 
to the rats’ overall choice behavior, bisecting at the geometric mean, but also provides a good fit 
to the moment-by-moment response behavior during the performance of each trial and for a 
number of odd behaviors, including: multiple choice reversals during a single trial, choice 
reporting failures, and reversals in the psychometric function for durations shorter than the short 
reference duration or longer than the long reference duration. The model is also able to 
quantitatively predict the shift in the bisection point if the rewards associated with a “short” or 
“long” response are unequal. 
We therefore hypothesized that if the temporal discounting of rewards is an important influence 
guiding response behavior, eliminating it as a motivating force should reveal the rat’s true 
bisection point. To test this we modified the Temporal Bisection Task to eliminate any 
differences in discounted reward value between the two choice options at all moments in time. 
While rats bisected near the geometric mean on the classic Temporal Bisection Task, they shifted 
their bisection point to the arithmetic mean on the modified version of the task, in agreement 
with human performance. The difference in bisection point between human and nonhuman 
subjects is therefore likely not a result of any differences in how we process temporal 
information, but rather a result of different strategies being used to solve the same task. By 
eliminating discounted reward value as a decision-making strategy, leaving only the temporal 
information of the stimuli, we reveal that rats and humans perform similarly on the Temporal 
Bisection Task. 

Disclosures:  C.D. Kopec: None. C.D. Brody: None. 

Poster 

643. Neural Circuits for Timing, Temporal Processing, and Sequences 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 643.15/KKK61 

Topic: H.01. Animal Cognition and Behavior 

Title: Representations of elapsed time in hippocampal CA1 during a temporal bisection task 

Authors: *A. SHIMBO1,2, E.-I. IZAWA1, S. FUJISAWA2;  
1Keio Univ., Tokyo, Japan; 2Riken BSI, Wako, Japan 



Abstract: Quantification of intervals is one of the most important ability for guiding appropriate 
behavior to survive. In particular, measuring temporal information in seconds to minutes range, 
referred to as interval timing, was involved in various behaviors, such as foraging, decision 
making, associative learning, and sequential motor learning. Although the importance of interval 
timing is recognized, the neural mechanisms of the interval timing are largely unknown. Recent 
studies have shown that hippocampal ‘time cells’ fire at temporarily successive moments in 
working memory task (Pastalkova et al., 2009; MacDonald et al., 2011), though the contributions 
of time cells to interval timing has not been investigated yet. To clarify the role of time cells in 
interval timing, we have newly developed a temporal bisection task. In this task, rats were 
required to discriminate 5 or 10 seconds interval, running on a treadmill, for making a correct 
choice. We recorded neural activities in CA1 during the periods in which rats were required to 
measure elapsed time from a start of running, and found that a subset of CA1 neurons showed 
firing activities depending on time from a trial start. These neurons fired as successive moment 
in the interval like time cells, and showed stable phase precessions on theta oscillations in CA1. 
These results indicate that time-dependent sequential activities of pyramidal cells in the 
hippocampus underlies the mechanisms for bisecting interval timing and may inform the passing 
time to other brain regions to solve the interval timing task. 
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Abstract: Hippocampal pyramidal cells use both rate coding (i.e., place fields) and temporal 
coding (i.e., theta phase precession) for spatial navigation. However, much remains unclear how 
the hippocampus represents information and temporal relations during integrations of non-spatial 
events. Here we have newly developed a non-spatial associative memory task for rats under the 
head restriction, which is named cue-combination task. This task requires rats to associate two 
multimodal sensory cues (sound and odor cues) to determine a correct choice (left or right lever). 
Large-scale extracellular single unit recordings in the CA1 during this task revealed that some 
portion of the pyramidal cells were activated to specific sensory stimuli, combinations or 



decisions, as the form of rate coding. On the other hand, the spiking of these neurons showed 
robust phase precession to theta oscillation, so that the past, current and future events were 
compressed and represented within a single cycle of theta oscillation. These results suggest that 
rate and temporal coding in hippocampal neurons independently contribute to integrations of 
multiple information for associative memory. 
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Title: A gap in time: Extending our knowledge of temporal processing deficit in the hiv-1 
transgenic rat 
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Abstract: Approximately 50% of HIV-1 seropositive individuals develop HIV-1 associated 
neurocognitive disorders (HAND), which commonly include alterations in executive functions, 
such as inhibition, set shifting, and complex problem solving. Executive function deficits in 
HIV-1 are fairly well characterized, however, relatively few studies have explored the underlying 
dimensions of neurocognitive impairment in HIV-1. Deficits in temporal processing, caused by 
HIV-1, may manifest prior to early symptoms of impairment in higher level cognitive processes. 
Cross-modal prepulse inhibition (PPI), a translational measure of temporal processing, was 
studied in ovariectomized female HIV-1 transgenic (Tg) rats, which expresses 7 of the 9 HIV-1 
genes constitutively throughout development. HIV-1 Tg animals exhibited an insensitivity to the 
manipulation of interstimulus interval (ISI) in both auditory PPI and visual PPI, replicating 
previously reported temporal processing deficits in HIV-1 Tg rats. To extend our knowledge of 
temporal processing deficits in the HIV-1 Tg rat, gap prepulse inhibition (gap-PPI) and gap 
threshold detection were also conducted. A relative insensitivity to the manipulation of ISI was 
observed in gap-PPI. HIV-1 Tg animals exhibited a profound differential sensitivity to the 



manipulation of gap duration. Presence of the HIV-1 transgene was diagnosed with 88.9% 
accuracy using gap threshold detection. Understanding the generality of temporal processing 
deficits in the HIV-1 Tg rat is vital to modeling neurocognitive deficits observed in HAND and 
may aid in the development of a diagnostic screening tool. 
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Abstract: Impulsivity is a major characteristic of patients with drug abuse and psychological 
disorders. Dysfunctions of the medial prefrontal cortex (mPFC) and hippocampus can lead 
impulse control disorders, characterized by mistimed actions or decisions without due 
consideration of their consequences. However, it is not well known the relationships between 
activities of these brain regions. Here, we recorded the activities of single neurons in 
hippocampal CA1, dentate gyrus (DG), and mPFC, of mice performing a delay-based decision-
making task in a T-maze. Large and small rewards were allocated to each side arm with or 
without a delay, respectively. The delay duration in the large-reward arm was progressively 
increased in each block (0, 5, 10, 20 and 40 s) in each session. The choice ratio to the large 
reward-delayed arm was negatively correlated with the delay durations. Putative excitatory and 
inhibitory neurons were identified by cell type classification with waveform parameters. Sizable 
amount of CA1 and DG excitatory neurons showed significant increases (about 40% of the 
population) in their firing rates during long (>20 s) delay periods. Increase of firing rates during 
long delay was found in mPFC neurons as well (about 40% of the population). Next, we 
investigated the place-dependency of the delay-activated neurons by switching the large reward-
delayed arm with the small reward-non-delayed arm. Numerous (about 70 %) delay-activated 
neurons found in CA1 and DG were location selective (neurons specifically fired on one side) 
whereas few delay-activated neurons in mPFC (30 %) were location selective. Our findings 



indicate that mPFC neurons encode the information for discounting reward values by a delay and 
that hippocampal neurons encode the information for both value and positions. 
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Abstract: Malformations of cortical development (MCDs) are the result of an insult during the 
neuronal migration process that leads to structural and functional abnormalities in neural 
networks. In humans, MCDs are often associated with intractable epilepsy and cognitive deficits. 
In this study we used the embryonic day 17 methylazoxymethanol acetate (MAM) model to 
examine the impact of these MCDs, independently of seizures, on neural networks that subserve 
cognition. Using concurrent single unit recording in the medial prefrontal cortex (mPFC) and 
CA1 of the hippocampus during a working memory task that requires cross-talk between the two 
structures, we hypothesized that MAM animals would have significant alterations in rate and 
temporal coding within and between CA1 and mPFC that underlie cognitive deficits. To address 
this hypothesis, we used a generalized linear modeling (GLM) approach to directly model 
neuronal firing in both brain regions in MAM and control animals at baseline and during a 
delayed non-match to sample task. Preliminary data indicate that this GLM approach robustly 
captures in vivo spike train dynamics, that neuronal firing is modulated by several relevant task 
parameters and that significant firing correlations exist between neurons in CA1 and mPFC. We 
find that hippocampal temporal and rate coding are disrupted in MAM animals relative to 
controls; however the relationships between this and abnormalities in PFC, and the relationships 
between these parameters and cognition are currently being investigated. Understanding the 
systems-level mechanism of cognitive deficits in animals with MCDs could lead to novel 
therapeutic targets that maximize cognition. 
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Abstract: Here we investigated the dynamics of temporal processing in the medial frontal cortex 
(MFC) and striatum in an interval-timing task. This elementary cognitive task involves working 
memory and attention and, importantly, is impaired in schizophrenia. First, we trained rats on an 
interval-timing task with a 12-second delay. Following training, animals were injected in the 
MFC with viral vectors to express ChR2 and ArchT optogenetic proteins. Animals were 
simultaneously implanted with microwire electrode arrays surrounding a fiberoptic cannula in 
the dorsomedial striatum. After waiting 4 weeks for viral expression, we inhibited and stimulated 
neurons in the dorsomedial striatum with 561-nm and 473-nm light, respectively. Medial frontal 
projections to the striatum that expressed optogenetic proteins were directly modulated by laser 
administration. Interval-timing behavior was altered in response to ArchT stimulation and 
subsequent inhibition of frontostriatal projections during the trial. Behavior was also altered in 
response to ChR2 stimulation at 4 and 20 Hz. Electrophysiological activity recorded at the site of 
stimulation in the dorsomedial striatum demonstrated a pronounced change in neural activity 
during both ChR2 and ArchT stimulation. Gradual changes in neural activity over time, or 
“ramping” activity, were found in striatal neurons during interval-timing behavior. These 
patterns of “ramping” activity are one possibility for the encoding of temporal information at a 
neural level. Ramping was diminished in the striatum when interval timing was impaired, 
suggesting that temporal information may be represented at the neural level by ramping activity. 
We also examined the population dynamics of these effects. These data demonstrate the 
importance of frontostriatal circuits in basic cognitive processing and suggest strategies for 
further elucidation of cognition. 
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Abstract: Interval timing, the perception of time in the seconds-to-minutes range, is critical for 
adaptive behavior and is impaired in a variety of illnesses (e.g., Parkinson’s disease, 
Huntington’s disease, Autism Spectrum Disorder, etc.). Interval timing is often examined using 
the peak interval (PI) procedure. In a typical PI task, the onset of a discriminative stimulus (e.g., 
houselight) indicates that reinforcement may be earned for responding after a set “criterion 
duration” has elapsed (e.g., 6 seconds). During non-reinforced probe trials, in which the stimulus 
is presented for 3-4 times the length of the criterion duration, average response rates resemble a 
Gaussian distribution, peaking around this criterion time. In the current study, we examined how 
the direct and indirect pathways mediate responding during the PI procedure. Rats were trained 
on a PI task in which a houselight signaled a 6 second delay to reward. Once trained, cannulas 
were implanted into the dorsomedial striatum. We infused the D1 antagonist (SCH-23390) or the 
D2 antagonist (Sulpride) to manipulate direct and indirect pathway function, respectively. We 
found that the D2 antagonist shifted responding rightward, consistent with prior work on 
systemic injections of D2 antagonists and D2-over expressing mice. These results suggest striatal 
D2 receptor blockade slowed internal clock speed, and provide insight into the role of 
dorsomedial striatum and temporal control of action. 
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Abstract: Interval timing, i.e. discrimination of durations in the seconds to minutes range, is 
imperative for organization of behavioral sequences, anticipation of outcomes, and information 
processing. Altered interval timing disrupts assessment of relationships between sensory stimuli, 
resulting in disorganized or contextually inappropriate behavior. Schizophrenia (SZ) patients 
demonstrate deficits in temporal judgment that may underlie positive symptoms such as 
delusions and misattribution of causality. Classical hallucinogens effectively model the positive 
symptoms of SZ across species and reliably compromise the accuracy and precision of temporal 
discrimination in humans. Similar mechanisms may thus underlie timing alterations in SZ and 
hallucinogen intoxication. Though many perceptual effects of hallucinogens are associated with 
5-HT2A receptor activation, the mechanism by which hallucinogens alter timing is unclear. We 
developed a discrete-trials interval timing task for mice, optimized to assess interval timing 
during pharmacological manipulation. C57BL/6J mice were presented with two levers following 
a variable interval after trial initiation (10 intervals; 2.5-10.5 s). Responding on lever A was 
reinforced if the interval was <6.5 s, and responding on lever B was reinforced if the interval was 
>6.5 s. Proportional choice for lever B at each test duration was analyzed using a 2-parameter 
logistic function, allowing estimation of the bisection point (T50), a measure of clock speed, and 
the difference limen (DL), a measure of timing precision. Challenge with the structurally distinct 
hallucinogens lysergic acid diethylamide (LSD), psilocin, and 2,5-dimethoxy-4-
iodoamphetamine (DOI) during this task revealed consistent dose-dependent alterations in timing 
across the 3 structural classes: reduced % lever B responding at long intervals and increased T50 
(LSD: 1 mg/kg IP; psilocin: 0.8 mg/kg SC; DOI: 3 mg/kg IP), and increased DL (psilocin: 0.8 
mg/kg SC; DOI: 3 mg/kg IP). Administration of 25CN-NBOH, an agonist selective for 5-HT2A, 
dose-dependently recapitulated all three alterations of timing (6 mg/kg SC), suggesting that 
hallucinogens alter timing via their effects on 5-HT2A. The effects of DOI (3 mg/kg IP) on 
timing were blocked by the highly selective 5-HT2A antagonist M100907 (0.03 mg/kg SC), but 



were unaffected by the 5-HT2C selective antagonist SB242084, consistent with a 5-HT2A-
dependent mechanism. These findings further validate the translational utility of the mouse 
discrete-trials interval timing task and clarify the mechanism of a key perceptual alteration 
induced by hallucinogens with relevance to SZ. 
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Abstract: In the peak-interval (PI) timing procedure, the subject is first presented with fixed-
interval (FI) trials only, during which the onset of a light or tone reliably predicts the time at 
which reinforcement will be made available (target duration). In order to characterize the 
accuracy and precision of interval timing, un-reinforced probe trials are randomly intermixed 
within an experimental session after sufficient training with FI trials. For a probe trial, the signal 
stays on long past the target duration and no reinforcement is provided. Only by maintaining 
partial reinforcement (e.g., continued reinforcement on FI trials and non-reinforcement on probe 



trials) across multiple sessions do subjects learn to stop responding once the target duration has 
passed. Despite these observations, there is still little understanding concerning how the “Start” 
and “Stop” response thresholds are acquired and what the underlying molecular mechanisms for 
the partial-extinction learning on un-reinforced probe trials might be. A pivotal role has been 
demonstrated for histone acetyltransferase CREB-binding protein and histone deacetylases 
(HDACs) in the epigenetic modification of memory and synaptic plasticity. HDAC inhibitors 
block the activity of histone deacetylases and thus increase histone acetylation thereby 
facilitating various types of learning and memory. As a consequence of these findings, the 
current experiment was designed to investigate whether systemic injection of the potent histone 
deacetylase inhibitor sodium butyrate (NaB) would facilitate the acquisition of the “Stop” 
response threshold in a 20-s PI procedure. Following 14 sessions of baseline FI 20-s training, rats 
were transferred to a 20-s PI procedure and given ip injections of either 1.2 g/kg NaB in a 
volume of 0.5 mL (n=12) or saline (n=12) for 5 consecutive sessions, after which the rats receive 
another 5 sessions of PI testing with no injections. The results indicated a significant effect on 
the development of temporal inhibition following the target duration as early as the first 2 hr 
session. This improvement in temporal sensitivity as measured by the curvature of the PI 
response functions continued through the “wash-out/recovery” phase until the final 2 sessions at 
which time both the NaB and control rats demonstrated nearly symmetrical peak functions 
centered around 20 s. Follow-up microinjection studies will determine the role of histone 
deacetylases in the dorsal and ventral striatum in setting the “Start” and “Stop” thresholds for 
interval timing. 
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Title: Prelimbic cortex activation correlates with SSRI fluoxetine’s effectiveness to reduce the 
impact of emotional distracters on interval timing 

Authors: *A. R. MATTHEWS1, M. BUHUSI2, C. V. BUHUSI2;  
1Dept. of Psychology, 2Utah State Univ., Logan, UT 



Abstract: Selective serotonin reuptake inhibitors (SSRI) are a primary medication for affective 
disorders like depression and anxiety. SSRI fluoxetine (FLX) has beneficial effects on attention 
and working memory, e.g., decreasing emotional response to negative events. We hypothesized 
that FLX improves maintenance of information in working memory, and decreases the disruptive 
effect of emotional events on cognitive processing. Among the processes impaired by emotional 
events, and whose dysregulation is documented in affective disorders, is timekeeping in the 
seconds-to-minutes range (interval timing). Presentation of task-irrelevant emotional distracters 
during a peak-interval (PI) procedure results in considerable delays in responding relative to 
neutral distracters (Matthews et al 2012 Front Int Neurosci 6: 111). Here we examined the neural 
correlates of chronically administered FLX in regard to the delaying effect of anxiety-inducing 
distracters on interval timing. Rats were trained in a PI procedure as in Mathews et al. 2012. Half 
the rats received 16 days of chronic systemic FLX administration, while the others received 
vehicle injections (VEH). Afterwards, rats were tested by presenting an anxiety-inducing 
distracter and evaluating the timing delay in distracter trials relative to no-distracter (PI) trials. 
Chronic FLX administration significantly decreased the delaying-effect of the anxiety-inducing 
distracter relative to VEH. The timing delay after the anxiety-inducing distracter (relative to PI 
trials) was inversely correlated with neuronal activation (cFos counts) in prelimbic cortex (PrL) 
(R2=0.47, p<0.01), but not in infralimbic cortex (R2=0.14, p>0.05): The higher the PrL activation 
the more effective was FLX in reducing the timing delay after the anxiety-inducing distracter, 
suggesting that one locus of action of FLX in reducing the delay after anxiety-inducing 
distracters is PrL. Indeed, the delay after anxiety-inducing distracters was reduced by local 
infusions of FLX into PrL (Matthews et al. Program No. 85.18, 2015 Neuroscience Meeting 
Planner). Together, these results identify PrL as a structure involved in the relative sharing of 
resources allocated to interval timing and emotion (Buhusi & Meck 2009 Philos Trans R Soc B 
364: 1875-85). 
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Abstract: Previous work in temporal order memory has shown that, in healthy participants, 
context boundaries result in segmentation effects, wherein within-context information is 
remembered as closer together than across-context information, even when equidistant. Further, 
imaging evidence has suggested the ventromedial prefrontal cortex (vmPFC) and the 
hippocampus play critical roles in these relational memory and segmenting processes. The 
present study investigated segmentation effects for spatial information, their interaction with 
relational memory, as well as the impact of lesions to the vmPFC and hippocampus on these 
effects. On each block of the task, participants studied 8 objects, presented one at a time on 
different locations of a grid, divided across two contexts (scenes). At test, participants judged 
how far apart pairs of these objects were, and also answered two relational memory questions: in 
which context and in which half of the set of 8 (first or second) did each object appear. 
Participants included both patients with hippocampal and vmPFC lesions, as well as healthy 
comparison individuals. Healthy participants showed robust segmentation effects, rating within-
context pairs as closer together than equidistant across-context pairs. Further, these segmentation 
effects were positively correlated with relational memory accuracy. Hippocampal patients were 
at chance for these judgments, regardless of the distance, and also showed significant 
impairments for both relational memory questions. Patients with vmPFC lesions performed 
similarly to healthy comparisons on all tasks, except they did not show segmentation effects, 
rating equidistant across-context and within-context pairs as the same distance. The results 
suggest that, in healthy adults, episodic segmentation may be useful in supporting later relational 
memory judgments. Further, while the hippocampus is likely necessary for all forms of spatial 
and relational memory judgments, even for small sets of items, the vmPFC may play a particular 
role in using contextual boundaries to bias memory representations via episodic segmentation. 
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Abstract: Route representations learned during spatial navigation are reconstructed from 
memory by relying on turns as boundaries segmenting the path. The ability to detect and predict 
contextual boundaries has been shown to depend on the hippocampus (Zacks et al., 2007). In 
rodents, spatial boundaries are associated with hippocampal cell ensemble preplay, which is 
thought to reflect the prediction of turns and route trajectory (Erdem & Hasselmo, 2012). Here, 
we aimed to join the literatures on event boundaries and navigation. We used a naturalistic 
virtual reality navigation paradigm to test memory for spatial and temporal contextual 
information for events preceding event boundaries. Half of the participants actively navigated 
along a route and half were passively led through the route. Participants in both conditions were 
stopped for different durations at several intersections which were either followed by turns 
(event boundaries) or stretches of road in same direction (no boundary). We tested participants’ 
ability to discriminate between the ordinal positions and wait durations for pairs of intersections 
along the route. We found that memory for temporal order, but not event duration, was 
significantly improved for events followed by boundaries. This effect was unique to the active 
navigation condition, suggesting that passive route following does not result in a similar 
improvement in memory, despite the fact that intersections followed by turns were subjectively 
recollected more in both conditions. We propose that the observed memory boost is 
advantageous in predicting and segmenting upcoming events along a route and serves as a 
mechanism of encoding navigationally salient events. Such enhanced memory further enables 
more successful separation of the sequential positions in which spatial locations were 
encountered. These findings are consistent with the notion that recollection supports whichever 
feature is most relevant to the task at hand, in line with the hippocampus supporting consciously 
processed information. 
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Abstract: The striatum and pallidum have been implicated in relaying novelty signals from the 
hippocampus to dopaminergic midbrain neurons. The same areas, however, also respond to 
retrieval success in recognition tasks, suggesting that these areas do not code novelty per se but 
dynamically adapt to the current behavioral context. Here, we used fMRI in healthy humans to 
test the prediction that encoding vs. retrieval orientation, as induced by task context, modulates 
striatal old/new effects. To this end, participants were initially familiarized with a set of scene 
stimuli in a target detection task. Subsequently, they viewed these old images intermixed with 
new ones and either classified them (i) as indoor vs. outdoor (encoding) or (ii) as old vs. new 
(retrieval), while fMRI and eye tracking data were recorded simultaneously. After leaving the 
scanner, subjects performed a final recognition task. As hypothesized, a cluster including parts of 
the striatum and pallidum displayed a significant interaction of task context and old/new status, 
which was driven by stronger responses to novel images in the encoding context and the reversed 
pattern, i.e. stronger responses to old images, in the retrieval context. An interaction was also 
evident in pupil size. Here, the old>new effect was more pronounced during retrieval than during 
encoding mode. Taken together, our findings provide compelling evidence that mnemonic 
signals in the basal ganglia flexibly adapt to explicit recognition demands. This mechanism 
might be mediated by dopaminergic neuromodulation and indicates that the degree of salience of 
old and new information is context dependent. 
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Abstract: Humans briefly maintain speech sounds such as those conveyed in verbal phrases and 
scan those mental representations to generate relevant responses during verbal communication. 
Here, we determined the spatio-temporal dynamics of such short-term maintenance and scanning 
of verbal information, by intracranially measuring high-gamma activity at 70-110 Hz during a 
working-memory task. Patients listened to 2 or 4 letters and were instructed to remember those 
letters over a two-second interval, following which they were asked to determine if a subsequent 
target letter was presented earlier in that trial. The auditory presentation of the letters 
sequentially elicited high-gamma augmentation in the superior-temporal and precentral gyri, 
bilaterally. During the two-second maintenance period, high-gamma augmentation was observed 
in the precentral gyri with left hemispheric dominance, and this occurred to a greater extent 
during the maintenance of 4 compared to 2 letters. During the scanning period following target 
presentation, high-gamma augmentation was observed in the inferior-frontal and supra-marginal 
gyri also with left hemispheric dominance. Finally, at the onset of the response, high-gamma 
augmentation was observed in the pre- and post-central gyri, bilaterally. These results support 
the notion that short-term maintenance of verbal information is supported by the precentral 
gyrus, whereas scanning to determine of a match for an auditory stimulus is supported 
particularly by the left inferior-frontal and supra-marginal gyri. 
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Title: Evidence for persistent activity-based attractor states from human single-neurons during 
short term memory maintenance 
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Abstract: Sustained neuronal firing is thought to be a principle mechanism by which 
information is maintained in short term memory (STM). Such activity has been hypothesized to 
form attractor states, which are mathematical representations of preferred and stable network 
configurations. This hypothesis rests on theoretical models and experimental evidence in 
macaques but has not been demonstrated in humans. We performed human single-neuron 
recordings in neurosurgical patients to test for the presence and properties of attractors during the 
maintenance of information in STM. We recorded from two regions: the medial temporal lobe 
and the medial frontal cortex. We used a modified Sternberg task with pictures as study material. 
To improve neuronal responses, images were selected for each patient individually using a 
screening task. We observed 83 (12.3%) neurons in the screening task, mainly in hippocampus 
and amygdala, with selectivity for one of the images. These cells showed sustained activity that 
was selective for the content of STM during the delay period of the task. We analyzed the 
dynamics of neuronal activity using demixed PCA (dPCA) in order to extract components 
relevant for encoding picture identity. An analysis of neural trajectories in dPCA space during 
the time when subjects held an item in memory showed that the multidimensional distance 
between conditions with different images held in memory was significantly larger than expected 
by chance. At the same time, we also observed that the velocity in state space was low and not 
significantly different from baseline levels. Together, this indicates neural trajectories that form 
stable attractors. Furthermore, we found that the quality of the identified attractors was relevant 
for STM performance because the extent of drift away from attractors in each trial predicted later 
retrieval accuracy and speed of response. This observation is the first evidence in humans that 



single-neurons code information in STM by means of persistent firing activity, and that this 
persistent activity forms stable attractors. 

Disclosures:  J. Kaminski: None. S. Sullivan: None. J. Chung: None. I. Ross: None. A. 
Mamelak: None. U. Rutishauser: None. 

Poster 

644. Human Cognition and Memory IV 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 644.06/LLL6 

Topic: H.02. Human Cognition and Behavior 

Support: CERC 215063 

Title: Targeted training: Assessing the effects of online brain training on cognitive function 

Authors: *K. M. LYONS1,2, A. PEARCE2,1, T. NGUYEN2,1, A. M. OWEN2,1, B. 
STOJANOSKI2,1;  
1Univ. of Western Ontario, London, ON, Canada; 2Brain and Mind Inst., London, ON, Canada 

Abstract: ‘Brain training’ is built on the idea that general cognitive functioning can be improved 
through the regular use of online computerized tasks that target specific cognitive domains. 
While the idea that brain training will improve general cognitive functioning is appealing, 
reliable evidence in support of this is unconvincing (Thompson et al., 2013; Owen et al., 2010). 
What remains contentious is not that performance cannot be improved by training, but, instead, 
whether training transfers to unrelated tasks. Using Cambridge Brain Sciences, a set of online 
cognitive assessment tests, the current study investigated whether extensive training on a 
working memory task produced improved performance on two tasks with similar or different 
neural and cognitive profiles. Participants first benchmarked on the two test tasks, spatial span 
and digit span, which served as their baseline measure. They then trained on a visuospatial 
working memory task, for thirty minutes a day, five days a week for four weeks (ten hours total). 
One day after training was complete, participants were tested again on the spatial span and digit 
span tests. As expected, performance on the training task (visuospatial working memory) 
significantly improved over the training period (p=0.016), and this provided evidence for direct 
transfer. However, when performance on the test tasks was compared before and after training, 
no change was found in mean score for either the spatial span (p=0.26) or the digit span tasks 
(p=0.80). Perhaps only those who benefited the most from training showed transferrable gains on 
the test tasks? To test this hypothesis, “high trainers” were selected based on their rate (slope) of 
improvement on visuospatial working memory task. Despite benefiting more from training, this 



did not transfer to improved performance on the spatial or digit span task. Our results suggest 
that participants show direct transfer (to the same task) only after extensive training and, even 
then, no matter how beneficial the training, no measurable transfer to any other task is evident. 
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Abstract: *In this contribution we provide electrophysiological evidence for recently proposed 
model of memory retrieval from long-term memory, according to which the size of encoding 
representation of a given word is positively correlated with the probability to recall this word in a 
free recall experiment.* 
Despite the ability of humans to memorize a huge amount of information; recalling this 
information without relevant cues is a challenging task. This is manifested in, for example, free 
recall experiments, where participants are prompted to recall as many words as possible from 
just presented list of randomly assembled words. Participants are making mistakes even for 
shortest lists of 2-5 items with progressively smaller fraction of correctly recalled words with 
increasingly longer lists. We have recently proposed a mechanism for memory retrieval which 
attributes limited recall capacity to two basic phenomena. 1) Items in long-term memory network 
are represented by random groups of neurons. 2) In the absence of external cues, just recalled 
item (JRI) plays a role of an internal cue, triggering a recall of an item having the largest overlap 
with JRI. This mechanism inherently leads to the existence of “easy” and “difficult” words for 
recall - statistically items having larger representation are easier to recall since their overlaps 
with other representations will be larger on average. Analysis of behavioral data revealed that 



distribution of recall difficulties across different words is indeed consistent for different 
randomly selected groups of participants. In the current contribution we analysed scalp electrical 
activity in the brain (EEG) collected in the M. Kahana lab (UPenn) during list acquisition. In 
particular, we computed the average (across all presentations for all participants) normalized 
evoked response for each word separately. Next, we computed correlation coefficient of 
normalized responses at each time point and each electrode with the fraction of times the word 
was recalled when presented. Results showed two waves of highly correlated activity at 250-
400ms and 450-700ms with the largest correlation coefficient in a single electrode being 0.25 for 
the first wave and 0.15 for the second wave. This result is consistent with our basic assumption 
that words characterized by a larger group of encoding neurons (and hence the ones that 
reactivate larger neuronal population during presentation) have intrinsically higher probability to 
be recalled. 
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Title: Brain regions associated with value-driven encoding of novel kaleidoscope images 
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Abstract: Information tends to be remembered better when it is known to have relatively high 
value for the future. This effect is thought to occur either due to dopamine-driven strengthening 
of encoding in the hippocampus (e.g., Adcock et al., 2006), or due to modulation of the use of 
semantic strategies to encode words (e.g., Cohen et al., 2016). In the present study, we examined 
whether value can also strengthen memory for abstract, novel kaleidoscope images, for which 
little semantic processing can be done. Each image was presented in one of four quadrants, with 
two images, one high-value item and one low-value item, presented in different quadrants on 
each encoding trial. At test, individual items were presented centrally, and participants attempted 
to judge whether a given item was old or new, as well as recall the original spatial location. 



Multiple study-test cycles were used, with aggregate feedback provided after each test, in order 
to encourage participants to use metacognition to develop strategies that maximize their point 
score. After all cycles were complete, a second test, a forced-choice recognition test with highly 
similar foils, was completed. Accuracy on the yes-no quadrant test was higher for high-value 
items, suggesting that encoding was modulated by value in this paradigm. Results from fMRI 
showed that successful encoding of kaleidoscope images and spatial source information 
(quadrant at study) was associated with increased activity in a network of brain regions including 
superior and inferior lateral occipital cortex, posterior parietal, inferior lateral temporal/fusiform 
cortex, and putamen, relative to trials in which neither image was successfully encoded. There 
were also related regions in which activity was stronger when only a high-value image was 
successfully encoded, relative to trials in which only a low-value image was encoded 
successfully. Thus, we can begin to understand the neural circuitry in which modulation of 
activity by value leads to strengthening of subsequent memory for both the item and its spatial 
location. Behavioral pilot results with this paradigm also indicated that while high-value items 
showed enhanced recognition driven by explicit memory, the accuracy of guess responses on the 
forced-choice test, believed to be driven by implicit memory, tended to be greater for low-value 
than for high-value items. Thus, our results also provide a first step towards understanding the 
encoding that impacts the relative weighting of information from implicit and explicit memory 
systems in memory judgments. 
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Abstract: Familiarity and recollection are two processes underlying recognition memory. 
Evidence from functional imaging studies shows that cortical regions surrounding the 



hippocampus become active when a human subject senses a familiar input, whereas recollection 
relies on activation of the hippocampus itself. To deepen our understanding of familiarity-
novelty detection, we simulated biologically plausible neural network models of cortical 
microcircuits consisting of 2,000 – 15,000 spiking neurons with random recurrent connections, 
following the “liquid state machine” paradigm. Network activity evoked by the sensory input 
(spatially-differentiated images) altered synaptic efficacy through NMDA receptor-dependent 
synaptic plasticity, which in turn resulted in the network responding more strongly to a 
previously seen image via unsupervised learning. Small networks of 2,000 spiking neurons were 
able to encode the features of a human face image and identifiy it accurately out of a set of 30 
test images. Large networks of 15,000 spiking neurons were able to identify multiple familiar 
faces simultaneously with high accuracy. When the simulated network model became 
sufficiently complicated in structure, multiple familiarity traces could be retained in the same 
network by forming partially-overlapping subnetworks. These subnetworks were composed of 
potentiated and depressed synapses that were modulated by the corresponding sensory inputs. A 
very large number of input-representative subnetworks that differ slightly from each other can 
co-exist in the network, giving the model a promisingly high capacity. Therefore, we suggest that 
cortical microcircuits with NMDA receptor-dependent synaptic plasticity have an intrinsic ability 
for detecting familiar sensory input patterns. This ability does not require a specialized wiring 
diagram or supervision, and can be expected to emerge naturally in developing cortical circuits. 
Meanwhile, electrophysiological recordings from animals indicate that single cell activity within 
the cortical regions can represent familiarity. Therefore in addition to network firing rate 
response, we also investigated neuronal activity before and after sensory exposure and found that 
“grandmother-cell” neurons exist in our network model. Fisher’s discriminant analysis was 
applied to select the critical neurons whose activity can be used to predict input patterns. 
Intriguingly, as sensory exposure was prolonged, the selected critical neurons tended to appear 
more at deeper layers of the network model, which might suggest a strategy of recruiting hidden 
circuits in the network for incremental information storage. 
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Title: Time-resolved single-trial multivariate pattern decoding as a continuous measure of 
working memory load using EEG spectral power 
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Abstract: Decoding cognitive information from brain signals by using multivariate pattern 
classification methods is becoming increasingly popular. Most studies have however only 
classified the information into pre-defined states which consequently limits the possible 
applications. Working Memory (WM), the capacity to remember and manipulate relevant 
information during a short time period, is central for human cognition. Because many psychiatric 
populations (i.e. ADHD, depression, substance abuse and many more) have impaired WM 
capacity, the potentials of extracting WM load and applying it as a feedback signal in a training 
protocol to enhance the underlying brain activity pattern, is supported by observations that 
individuals with high WM capacity evoke a more discriminative activity pattern when 
performing WM tasks. This study investigates the temporal dynamics of WM-induced EEG 
spectral power patterns and the feasibility of extracting a continuous measure of WM load by 
using time-resolved single-trial multivariate pattern decoding. 
Brain activity was recorded, using a 64-active EEG-channel system, on 16 healthy individuals 
while they performed two versions of the n-back task. Specifically, the 1- and 2-back tasks were 
performed in two separate blocs, during which participants were asked to respond with a button 
press, yes or no, for each stimulus, whether it matched the stimulus presented 1 or 2 steps back 
(1-back and 2-back task, respectively). A complex EEG power spectrum over the scalp is 
observed as WM load increases, including a significant decrease in alpha power (~8 to 12Hz) 
over parietal electrode locations and significant increase in theta power (~3 to 7Hz) over frontal 
electrode locations. Moreover, temporal dynamic changes in the EEG power spectrum are 
observed at the presentation of a visual stimulus for theta but not for alpha power suggesting that 
different underlying mechanisms of WM are reflected by these oscillations. By applying 
multivariate pattern decoding, using linear regularized regression, the output of the binary 
classifier is shown to correlate with the strength of the EEG activity pattern that is induced as 
WM load increases, as well as with overt behavior, suggesting its applicability as a continuous 
measure in online monitoring and as a feedback signal in rehabilitation protocols. These results 
shed new light on the extraction of cognitive information from EEG spectral power by using 
time-resolved single-trial multivariate pattern decoding. 
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Abstract: Pupil size changes constantly, mainly to regulate the amount of light entering to the 
retina, with pupil constriction to luminance increases and dilation to luminance decreases. This 
illumination-dependent pupillary modulation has thought to be independent from the top-down 
influence such as spatial attention. However, it was shown recently that while maintaining 
central fixation, pupil size is smaller when spatial attention is guided to bright, compared to, dark 
surfaces, demonstrating the attentional modulation on illumination-dependent pupillary 
responses. However, the underlying neural mechanism is poorly understood. A large body of 
research has suggested the close relationship among spatial attention, saccade programming, and 
working memory, however, the influence of these processes on pupillary light responses is yet 
explored. Here, we examined the modulation of illumination-dependent pupillary responses by 
saccade preparation, working memory, and microstimulation of the superior colliculus (SC), a 
midbrain structure causally involved in shifts of spatial attention and gaze. We hypothesize that 
enhanced pupillary light responses when the visual (patch) stimulus is presented at the location 
1) corresponding to an upcoming saccade destination, 2) activated in spatial working memory, or 
3) corresponding to the stimulated region in the SC saccade map. While requiring subjects to 
maintain central fixation, we presented bright and dark surfaces in two different locations that 
matched either an upcoming saccade destination (visual delay task), a remembered location 
(visual memory-guided task), or the stimulated SC site, and another patch was presented at a 
control location in the opposite visual field. Our results first showed an enhanced illumination-
dependent pupillary responses when stimuli were presented at the location corresponding to an 
upcoming saccade destination or at a location that was activated in memory representation. 
Moreover, we found that SC microstimulation modulated pupillary light responses in a similar 
manner, with enhanced illumination-dependent pupillary responses while stimuli presented at the 
location corresponding to the stimulated SC site. Our results demonstrate that spatial selection 
for saccade programming and spatial activation in working memory had similar effects on 
pupillary responses, suggesting the shared neural mechanisms among saccade programming, 



working memory, and spatial attention. Furthermore, the SC results provide direct evidence 
arguing that the SC is mediating this modulation of pupillary light responses. 
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Abstract: An abundance of studies demonstrate a link between episodic memory formation and 
neural oscillatory activity. However, their findings often conflict with some reporting 
synchronization, and others desynchronization, in the face of successful encoding. In a step to 
resolve this contradiction, a recent opinion paper proposed that both are necessary for memory 
formation (Hanslmayr, Staresina & Bowman, Trends in Neurosciences, 2016). Specifically, 
synchronized theta and gamma oscillations within the hippocampus serve to bind information 
into a coherent episode while neocortical low frequency desynchronized activity facilitates 
information processing relating to the to-be-encoded stimulus. Here, we test the spatial 
specificity of this hypothesis. We engaged epileptic patients with hippocampal depth electrodes 
in a typical associative memory paradigm. Patients were presented with either a video or a 
sound, followed immediately after by a word which they had to vividly associate with the 
video/sound. Preliminary analysis has revealed hippocampal theta and gamma power increases 
and neocortical low frequency power decreases (3-20Hz) for later remembered items relative to 
later forgotten items. These findings support the theory that a synchronized hippocampus and 
desynchronized neocortex facilitate episodic memory formation. 
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Abstract: Previous studies using electroencephalography (EEG) have shown that low frequency 
oscillations play an important role in successful memory formation in humans. These studies 
have linked performance to theta (4-7 Hz) oscillations in awake subjects and slow-wave activity 
(SWA) during sleep. There is also abundant evidence that memory consolidation is facilitated by 
slow-wave sleep, in which EEG is dominated by low frequency oscillations. During sleep, the 
phase of the SWA at the onset of the stimuli affects the recall accuracy in a location memory 
task. We hypothesized that an analogous phenomenon may take place in the awake state such 
that the phase of low frequency EEG oscillations at the onset of stimuli will affect memory 
recall. In order to test our hypothesis, participants performed a word-nonword matching memory 
task while EEG signals were collected with a 128-channel Electrical Geodesic Incorporated 
sensor net. The task consisted of four blocks, each with an encoding phase in which novel word-
nonword pairs were presented every 5 seconds for 100 seconds (20 pairs total), followed 
immediately by a test phase in which subjects where shown one of the words and presented with 
4 target nonwords. A correct recall occurred when subjects selected the nonword previously 
paired with the word. We presented every one of the 20 words in series during the test phase. We 
found that recall performance was higher when the stimuli were presented at a particular phase in 
the theta and delta bands of EEG collected from the frontal cortex, but not EEG collected from 
posterior cortical regions. We thus suggest that visual information related to language may be 



more readily encoded into short-term memory during particular phases of ongoing cortical neural 
activity. 
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Abstract: Renewal describes the recovery of an extinguished response if the context during 
retrieval differs from the context of extinction. This context-dependent learning phenomenon is 
above all mediated by hippocampal activation. In associative learning tasks, participants showing 
the renewal effect (REN) exhibit higher hippocampus activation during acquisition and 
extinction compared to participants without renewal (NoREN). Moreover, REN participants also 
show higher ventromedial prefrontal activation during retrieval than NoREN participants, while 
NoREN participants exhibit higher activation in dorsolateral prefrontal cortex. Consequently, a 
connection of the hippocampus with prefrontal areas might be conceivable as a mechanism 
underlying the renewal effect. In this study we performed both task-based and resting state fMRI 
at 3T in order to assess brain activation during extinction retrieval. We observed significantly 
higher hippocampus activation in REN participants. These task-related hippocampal clusters 
were used as seeds in subsequent seed-based functional connectivity analyses on resting state 
patterns in REN and NoREN participants. After extinction retrieval REN participants showed 
stronger hippocampal connectivity with dorsolateral and ventromedial prefrontal brain regions as 
well as with cingulate gyrus than NoREN participants. Therefore, our data suggest a 
hippocampal-prefrontal network that is specifically involved in extinction learning and thus 
mediating the renewal effect. These present findings moreover support previous observations 
that REN participants use distinct encoding strategies in context-related tasks, which reflect in 
their brain activation as well as in their connectivity patterns. 
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Abstract: Recently, elevated ongoing EEG power in the theta (3-7 Hz) and low beta (13-17 Hz) 
frequency range before being exposed to a new stimulus has been associated with successful 
subsequent memory formation for visual stimulus material. However, so far, it has been unclear 
whether this activity is merely specific to visual processing or whether it reflects a state that 
generally facilitates the encoding of new information, independent of stimulus modality. To shed 
light on this issue, the present study investigated the relationship between neuronal pre-stimulus 
oscillations and verbal memory formation in different sensory modalities. A within-subject 
design was employed to identify oscillatory states related to successful memory formation for 
written and spoken words in an incidental encoding task. Further, we investigated whether 
similar neuronal states promote encoding not only of the stimulus itself, but also of the context in 
which it is presented, as implemented by a background picture. Results revealed similar EEG 
activity to be associated with subsequent memory for the stimulus itself in both modalities. 
Elevated power in the low beta band 800 - 200 ms prior to stimulus onset differentiated 
successful from failed memory formation for both written and spoken words. In contrast to the 
stimulus-encoding related effects in the low beta band, increased pre-stimulus theta power was 
found before successful compared to failed encoding of the associated context. It is suggested 
that ongoing pre-stimulus beta activity reflects a memory-promoting state and is likely to be 
moderated by modality independent attentional processes. Ongoing theta power on the other 
hand is suggested as an indicator of enhanced binding of interlinked information. 
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Abstract: Human cognitive performance is often disrupted by distractions related to sensory 
stimuli and affective states, but, paradoxically, a wealth of evidence also suggests that higher 
working memory load buffers cognitive processing from the impact of distraction. Although the 
neural mechanisms that mediate this buffering effect are not currently known, it has been posited 
that regions involved in working memory maintenance and cognitive control inhibit the 
processing of basic sensory and affective information during high load. However, it is also 
possible that these regions reduce distraction under high load by suppressing activity in the 
default mode network (DMN). As the DMN redirects attention from task-relevant processing to 
rumination and other off-task cognitions, interactions with this network may serve to suppress 
these cognitions in order to prevent distraction. The current study utilized an aversive odor 
manipulation to identify neural structures that buffer performance from distraction under high 
working memory load, and employed context-specific connectivity analyses to determine 
whether these structures interact with other brain regions related to the DMN or basic sensory 
and affective processing. 
As expected, a significant interaction between distraction conditions and task load demonstrated 
that response times were impacted by the aversive odor manipulation in a low load (1-back) but 
not a high load (3-back) working memory task. Areas in the left dorsolateral prefrontal cortex 
(DLPFC), left ventrolateral prefrontal cortex (VLPFC) and the right cerebellum displayed load 
by distraction interactions consistent with a role in load-related buffering effects. The VLPFC 
and cerebellar regions each displayed evidence of context-specific negative connectivity with 
DMN structures (medial prefrontal cortex and the posterior cingulate / precuneus, respectively). 
In contrast, there was no evidence for context-specific connectivity with regions that mediate 
basic sensory and affective information processing. 
Results suggest that suppression of DMN-mediated processing is a plausible mechanism though 
which regions that support cognitive control prevent distraction under high, but not low, working 



memory load. Furthermore, they are consistent with developing theories of the role of the 
cerebellum in cognition which highlight this region’s role in coordinating cognitive processes to 
optimally suit task demands. 
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Abstract: Episodic simulation - the construction of a mental representation of a possible future 
event - is an adaptive function that has been consistently associated with enhanced neural activity 
in a set of neural regions referred to as the core network. This network includes the medial 
parietal and prefrontal cortex, medial temporal lobe, including the hippocampus, and lateral 
temporal and parietal cortex. Much work remains to be done to elucidate the contributions of 
individual regions within the core network to specific features of episodic simulation. In the 
current functional magnetic resonance imaging study, we investigated whether regions of the 
network could be dissociated as a function of the timecourse of their engagement during 
simulation (i.e., whether neural activity is transient or sustained), and also assessed whether 
regions of the network vary as a function of the integration demands of a simulated event (i.e., an 
event with fewer or more components). Participants imagined future events in response to place, 
person, and object cues. We manipulated the integration demands of the simulation task by 
varying the number of event components that participants were cued to include in their simulated 
event (3, 4, or 5). Cues were presented for 5 seconds followed by a variable delay fixation period 
for 8-12 seconds. Participants were instructed to continually simulate the event throughout the 
delay period. Transient neural activity was defined as activity specific to the cue period and 
sustained neural activity was defined as activity associated with the delay period. Relative to a 



non-episodic control task, sustained simulation-related activity was identified in the majority of 
the core network. Additional analyses revealed that activity in the medial parietal and 
dorsolateral prefrontal cortex was further modulated as a function of integration demands (i.e., 5 
> 3). Of particular interest, while the hippocampus was insensitive to integration demands, we 
observed a temporal dissociation within the hippocampus. Specifically, transient activity was 
identified in the anterior hippocampus and sustained activity was identified in more posterior 
hippocampal regions. Consistent with prior theories of hippocampal function, the anterior 
hippocampal activity may reflect the initial retrieval of gist-based information associated with a 
simulated event and the posterior activity may reflect further detailed processing of the simulated 
event. The present findings thus indicate that regions within the core episodic simulation network 
dissociate as a function of timecourse as well as the integration demands of a simulated event. 

Disclosures:  P.P. Thakral: None. R.G. Benoit: None. D.L. Schacter: None. 

Poster 

644. Human Cognition and Memory IV 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 644.18/LLL18 

Topic: H.02. Human Cognition and Behavior 

Title: Brief electrical stimulation to the human amygdala enhances recognition memory for 
neutral images 

Authors: *C. S. INMAN1, J. R. MANNS2, K. R. BIJANKI1, D. I. BASS1, R. E. GROSS1, S. 
HAMANN2, J. T. WILLIE1;  
1Neurosurg., 2Psychology, Emory Univ., Atlanta, GA 

Abstract: Emotional events are often better remembered than neutral events, and this benefit 
depends on the amygdala. We have previously demonstrated that brief basolateral amygdala 
electrical stimulation enhances memory in rodents. This study examined whether human 
amygdala stimulation immediately following the presentation of neutral object photographs 
enhanced later recognition memory. We recruited 13 epilepsy patients undergoing intracranial 
EEG (iEEG) with depth electrode contacts placed in basolateral amygdala and subregions of the 
hippocampus. During continuous iEEG, each participant was presented a series of photographs 
of neutral objects, half of which were followed immediately by a unilateral stimulation to the 
amygdala (8 trains of 50-Hz pulses for 1-second at 0.5 mA after image offset). No epileptiform 
activity was elicited by the stimulation. Participants reported no awareness of the stimulation. 
Recognition memory and subjective confidence for half the photographs was tested immediately 
after the study session and for the other half of the photographs the following day. On the 



recognition memory test administered the following day, participants recognized neutral objects 
initially followed by amygdala stimulation more accurately than control objects. The result was 
similar when only high-confidence judgments were included. On the immediate recognition 
memory test, participants performed similarly for both object conditions. These results are 
similar to the previous results from rodents. The extent of the one-day memory enhancement was 
inversely correlated with neurocognitive deficits as measured by IQ. Specifically, patients with 
lower IQ generally showed greater memory enhancement specifically on the one-day test 
(interaction in stimulation condition by test delay controlling for full-scale IQ). We are also 
currently investigating the effects of amygdala stimulation on network oscillatory activity, 
autonomic physiology, and emotional processing. The current results indicate that brief electrical 
stimulation to the human amygdala can enhance item-specific memory for neutral stimuli even in 
the absence of awareness of the stimulation, reflecting a key role of the amygdala in prioritizing 
experiences for long-term storage in declarative memory. Amygdala stimulation likely engages 
amygdala-hippocampus connections that normally serve to prioritize memory for emotional 
events and may provide a therapeutic route for patients with memory deficits. 

Disclosures:  C.S. Inman: None. J.R. Manns: None. K.R. Bijanki: None. D.I. Bass: 
None. R.E. Gross: None. S. Hamann: None. J.T. Willie: None. 

Poster 

644. Human Cognition and Memory IV 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 644.19/LLL19 

Topic: H.02. Human Cognition and Behavior 

Support: European Union FP7 Marie Curie ITN grant N. 606901 (INDIREA) 

Title: Is encoding into visual working memory a parallel process? Evidence from statistical 
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Abstract: Background 
Visual Working Memory (VWM) is a highly limited resource that we use to temporarily store 
information on items that we encounter. How different items are encoded into VWM remains 
unclear. Some think individuals can encode multiple items in parallel. An alternative idea is that 
encoding is serial, with only one item being processed at a time. This notion is fundamental to 



the binding problem, and several contemporary models of VWM. However, despite a large body 
of work, there is little consensus in the existing literature. 
Methods 
We used a whole report task in which participants were asked to remember a single or two Gabor 
patches simultaneously. Stimuli were shown for various durations (ranging from 0 to 580ms), 
and were masked directly after. Participants sequentially indicated the colours they remembered 
on two continuous colour wheels. On a version of the task with a single exposure duration of 
200ms, we recorded electroencephalography (EEG) data that we later subjected to a 
classification algorithm. 
Results 
If two items were presented, the first response's accuracy matches that of a single item trial, and 
the second response is significantly worse. We modelled the distributions of errors as a function 
of exposure duration, to estimate the probabilities of participants remembering none, only one, or 
both of the Gabor orientations. This demonstrated that the probability of remembering no item 
reduces with exposure duration, whereas the probability of remembering both items increased. 
Crucially, the probability of remembering only one item could be completely predicted by the 
probability of remembering both. This is in line with a parallel encoding framework. 
Discussion 
The resolution of an item's representation in VWM increases with encoding duration. 
Importantly, we demonstrate that this is a parallel process: Multiple items can be encoded at the 
same time, although not necessarily at the same rate. 
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Abstract: Retrieval can act as a powerful memory enhancer. While this observation has been 
well established in the cognitive literature, the neurocognitive mechanisms underlying such 
enhancement are still unknown. We here tested the possibility that retrieval solidifies memories 
through online reactivation mechanisms similar to those involved in offline memory 
consolidation (e.g. during sleep). If retrieval does indeed depend on neural memory reactivation, 
one would expect that new episodic memories, initially rich in contextual detail, will become 
gradually decontextualized as they undergo repeated retrieval, and will transform into gist-like 
semantic representations. To test these decontextualization and semanticization hypotheses, we 
conducted a pattern fMRI study. Participants encoded scene-object pairs, with objects belonging 
to a number of different semantic categories. They then either retrieved or restudied the objects 
over two sessions, 48 hours apart. Using representational similarity analysis (RSA), we traced 
the dynamic changes in item-specific and categorical activation patterns representing each 
memory in higher order visual areas. Results show that contextual information encoded at study 
(such as background colour) becomes lost across retrieval repetitions to a greater extent than 
across restudy ones. Moreover, retrieved (as opposed to restudied) objects become, neurally, less 
individualised, and more semanticized. Taken together, these findings support the hypothesis that 
retrieval can act as a fast route to memory consolidation. 
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Abstract: When stimuli are learned by repetition, they are remembered better and retained for a 
longer time. However, it is unclear what neural mechanisms underlie the learning effect over 
time. To address this issue, we explored whether the hippocampus (HPC) and other brain regions 



were differentially involved in associative memory after face-scene pairs were learned once or 
six times. The associative memory was tested at four time intervals, i.e., 20-min, 1-day, 1-week, 
and 1-month, when participants performed an associative recognition task to judge whether the 
word pairs were old. The results showed that compared to learning once, learning six times 
significantly increased the activation in the HPC and posterior cortical regions, and decreased the 
activation in the orbitofrontal cortex (OFC). In addition, the physiophysiological interaction 
(PPI) analysis showed that there was stronger correlation between the HPC and parahippocampal 
place area (PPA) after repetitive learning (vs. learning once), and stronger correlation between 
the HPC and OFC after learning once (vs. learning six times). In regard to the time change over 
time, learning once induced the HPC activation decreased and PRC activation increased over 
time; and learning six times induced the activation of HPC, parahippocampal cortex (PHC) and 
PPA increased over time. These results suggested that learning experience enhance the 
involvement of the HPC and posterior regions in associative memory, and there are two different 
mechanisms for consolidating and retrieving associative memory according to the learning 
experience. 
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Abstract: Cognition acts on a rich semantic structure that extends beyond visual features, such 
that concepts are represented in terms of both meaning and perceptual characteristics. While 
numerous studies have shown that regions within the visual system organize categories 
according to their perceptual properties, less is known about whether meaning-based 
representations are present within the same regions. Here, we employ models of semantic 
similarity derived from Wikipedia and Google News to interrogate whether multivariate patterns 
in visual regions could be explained by the semantic similarity among stimuli. Participants 
viewed images of famous people and places during fMRI scanning to estimate neural responses 



to each stimulus. Semantic models generated predictions for the relative similarity of each pair of 
stimuli within visual subcategories (i.e., male and female for faces; manmade and natural for 
scenes). Two different models were constructed to quantify semantic relationships. The first 
model estimated semantic similarity based on word co-occurrence in a text-corpus constructed 
from Wikipedia articles corresponding to each stimulus. Natural language processing tools and 
dimensionality reduction techniques produced vector representations for each of the articles, 
from which the cosine between each pair was used to estimate semantic similarity. The second 
model used representational vectors for each stimulus built from a Google News text-corpus and 
a continuous bag-of-words algorithm from Google’s publically available word2vec. We 
compared the predictions made by the two models to neural similarity matrices that quantified 
the pairwise correlation between activation patterns for each stimulus. To separate effects of low-
level visual similarity on neural response from those related to semantic structure, we contrasted 
the correlation between neural response and semantic models with that of the visual models. We 
found a significant correlation between neural measures of representational similarity within 
lateral occipital and fusiform cortex and the model-based semantic similarity predictions. In 
contrast, early visual cortex, lateral occipital, and parahippocampal representations were 
correlated with predictions from a low-level visual model. In particular, inferior temporal cortex 
was significantly more correlated with the semantic models than the visual model, suggesting it 
may play a larger role in semantic representation than visual representation. These findings 
demonstrate that the rich semantic structure found in web-based text corpora can be leveraged to 
reveal the neural codes of semantic meaning. 
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Abstract: Oscillatory activity in the human cortex has been widely implicated in memory and 
learning, particularly in the theta and gamma bands. Recent evidence has suggested that much of 
what is assumed to be oscillatory change may be stochastic volatility or arrhythmic activity. In 
this study, we recorded intracranial EEG from 33 patients undergoing a paired associates 



memory task. For successfully remembered items, we found significant decreases in entropy and 
significant increases in the range and variance in the right hemisphere. Alternatively, we 
observed significant increases in sample entropy and significant decreases in range and variance 
in the left hemisphere. These time-domain metrics also demonstrated better discrimination of the 
LFP signal than frequency based metrics during successful memory. Given these results, we 
suggest the exploration of metrics that directly describe LFP distortions rather than those that 
abstract into the frequency domain. 

Disclosures:  R. Haque: None. A. Vaz: None. R. Yaffe: None. K. Zaghloul: None. 

Poster 

644. Human Cognition and Memory IV 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 644.24/LLL24 

Topic: H.02. Human Cognition and Behavior 

Support: NYU REF Grant 

Title: Representations of spatial priority during nonspatial working memory 

Authors: M. RAHMATI1, M. J. PAYTON1,2, T. C. SPRAGUE1, C. E. CURTIS1, *K. K. 
SREENIVASAN2;  
1Dept. of Psychology, New York Univ., New York, NY; 2New York Univ. Abu Dhabi, Abu 
Dhabi, United Arab Emirates 

Abstract: It has been established that a several cortical areas encode spatial priority - a weighted 
representation of space that combines information about stimulus salience and task-relevance 
signals. An intriguing hypothesis is that these signals, although spatial in nature, may provide the 
means by which non-spatial feature information can be maintained in working memory (WM). 
The present study sought to dissociate spatial priority from feature information held in WM to 
investigate how spatial priority representations may contribute to feature WM. Observers saw 4 
sample Gabor gratings - one in each quadrant - and were cued to maintain the orientation of one 
of these gratings in WM. After a delay, a second cue indicated the quadrant in which the test 
grating would appear. After a second delay, the test grating appeared, and observers indicated 
whether the grating matched the orientation of the original sample grating. Critically, during the 
second delay, retrospective priority for the spatial location of the sample grating and prospective 
priority for the spatial location of the test grating are dissociated. 
Individual observers’ population receptive fields (pRFs) were estimated using fMRI in an 
independent scan. pRF maps were then used to reconstruct estimates of spatial priority during the 



second delay period. In visual area V2, reconstructions demonstrated a persistent representation 
for the original (i.e., currently irrelevant) sample location. This finding suggests that feature WM 
involves retrospective representations of the spatial location at which the feature was initially 
encoded. In contrast, reconstructions from parietal region IPS0 demonstrated a representation of 
the upcoming probe location. Together, these results demonstrate an interrelationship between 
spatial priority and feature WM, and indicate that multiple representations of spatial priority may 
be required for the independent maintenance of features and spatial priority. 
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Abstract: Information-integration (II) categorization is believed to be a procedural skill. 
Evidence suggests that II learning is mediated by the basal ganglia, and is best acquired via 
immediate feedback. Since humans have multiple learning systems, an important question is 
whether II learning is also possible by other brain systems. Thus, the present study investigates 
whether II learning is possible in the absence of feedback. Although several previous studies 
reported that II observational learning (OL) was impaired relative to feedback learning (FL), 
these conclusions were drawn by comparing average scores in the OL and FL conditions, which 
obscures individual differences. We studied these issues more closely using a new OL paradigm, 
which was similar to a series of A/not A tasks. Previous research showed that Parkinson's disease 
patients seem to learn A/not A categorization normally, thus it might provide a way of learning 
without mediation of basal ganglia, although none of the A/not A studies had used II categories 
to our knowledge. Specifically, in our OL condition, participants were asked to memorize figures 
from one of two categories in each block, and to categorize figures without receiving any 
feedback at the end of each block; in our FL condition, figures from both categories were shown 



in a randomly mixed order, and participants were asked to categorize the figures and would 
receive correct or incorrect feedback on each response. We compared the ratio of successful 
learners and unsuccessful learners, as well as learning curves of successful learners in both 
conditions, and found two major results: 1. Learning curves of successful learners in OL and FL 
did not show significant differences; 2. fewer participants successfully acquired optimal 
strategies in OL than in FL. Our findings suggest that II learning might be possible in some 
participants without mediation of the basal ganglia. Instead, we propose that for these successful 
participants, the cortical-striatal-cortical circuits that mediate feedback-based II learning are 
replaced by direct cortical-cortical circuits that bypass the basal ganglia. 
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Abstract: Efficient production of a sequence requires binding temporally independent 
movements into single, unified action chunks. This process should be reflected by increases in 
the similarity of each movement’s response times (i.e, increased correlation in temporally 
adjacent response speeds) as well as a shift in the neural representations of each action. We 
trained human subjects (Sequence Group, N=9, 6 male) to perform a 32-item sequence of finger 
movements across 25 training sessions (5 weeks). The sequence was constructed such that some 
finger combinations exhibited higher frequency pairings (e.g. index followed by ring) than 
others. A second group (Control Group; N=9, 6 male) underwent the same 25 training sessions 
but instead performed pseudorandomly ordered movements on each day without exposure to the 
sequence. A hierarchical agglomerative clustering algorithm applied to reaction times of each 



element in the 32-element sequence revealed a well ordered clustering structure of the trained 
movements in the Sequence group, with distances between successive elements in the 
dendrogram being decreased following training. As expected, the Control group exhibited no 
significant distance changes in their clustering structure during the same trial blocks. The binding 
of sequence elements observed in the behavioral data should also be reflected as concomitant 
changes in the movement representations in primary sensorimotor areas. To assess this, the 
cortical representations of each effector were mapped before and after training using fMRI 
(Siemens Verio 3T scanner,32 channel head coil, TR: 2000ms, TE: 30.0ms, MBAF, 3, 66 slices). 
During each scan, subjects performed each of the four finger movements separately to facilitate 
isolation of the motor representations controlling each finger using representational similarity 
analysis (Kriegeskorte et. al., 2008). In the Sequence group, a non-parametric permutation test 
searchlight revealed regions along the anterior central sulcus with significant decreases in 
representational distances following training that were qualitatively different in both magnitude 
and location compared to the Control group. These results suggest that movement 
representations reorganize with training to facilitate binding of independent actions into unified 
chunks. 
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Abstract: To maximize expected gain and avoid losses on visually guided spatial decisions 
(Trommershäuser, Maloney, & Landy, 2008) a global network of cortical and subcortical brain 
regions integrates spatial uncertainty (Gottlieb & Balan, 2010) with costs and expected reward 
(Hsu, Bhatt, Adolphs, Tranel & Camerer, 2005) to bias selections of a target away from a 
penalizing distractor. Using a visually guided spatial decision-making task, we examined how 



sensory uncertainty (low vs. high target variance) and cost (no penalty vs. penalty) interact when 
making spatial decisions. Across three consecutive sessions (two behavioral, one MRI), 
participants (N=20) used a mouse to maximize their point total across several hundred trials by 
attempting to select the center of a spatially presented target. A distractor was presented adjacent 
to the target and, on some trials (penalty trials) points were lost based on the proximity of the 
selection to the center of the distractor. Behaviorally, participants avoided the distractor both 
when losses were incurred and when target estimation was less certain. While selection 
endpoints were also more variable under high target variance, a significant interaction between 
variance and penalty biased selections away from the distractor more strongly than either main 
effect. Functionally, we identified task-related activity in a broad network of interconnected 
cortical and subcortical regions that correlated with variability in selection bias. Distributed 
clusters of significant activity (all t(19)s > 4, FDR-corrected q = 0.01) were present in 
orbitofrontal, dorsolateral prefrontal, and posterior parietal cortex as well as distinct dorsomedial 
regions within the caudate and putamen, bilaterally. These cortical regions match a previously 
identified structural network thought to support the integration of reward and spatial attention 
during decision-making (Jarbo & Verstynen, 2015). Together, these results identify a plausible 
neural substrate that allows for integrating estimations of risk with perceptual uncertainty during 
spatial decisions. 
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Abstract: Cognitive process models, such as reinforcement learning (RL) and accumulator 
models of decision-making, have proven to be highly insightful tools for studying adaptive 



behaviors as well as their underlying neural substrates. Currently, however, two major barriers 
exist preventing these models from being applied in more complex settings: 1) the assumptions 
of most accumulator models break down for decisions involving more than two alternatives; 2) 
RL and accumulator models currently exist as separate frameworks, with no clear mapping 
between trial-to-trial learning and the dynamics of the decision process. Recently we showed 
how a modified accumulator model, premised off of the architecture of cortico-basal ganglia 
pathways, both predicts human decisions in uncertain situations and evoked activity in cortical 
and subcortical control circuits (Dunovan et al. 2015). Here, we present a synthesis of RL and 
accumulator models motivated by recent evidence that the basal ganglia acts as a site for 
integrating trial-wise feedback from midbrain dopaminergic neurons with accumulating evidence 
from sensory and associative cortices. We show how this hybrid model can explain adaptive, 
multi-alternative (2- & 4-choice) decisions in a computationally efficient manner. More 
importantly, by parameterizing the model to conform to various underlying assumptions about 
the architecture and physiology of basal ganglia pathways, model predictions can be rigorously 
tested against observed patterns in behavior as well as neural recordings. The result is a 
biologically-constrained and behaviorally tractable description of trial-to-trial learning effects on 
decision-making among multiple alternatives. 
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Abstract: Many value-based decisions, such as gambling on a risky choice with a potentially 
high reward, are contingent on sensory signals and feedback from past choices; however, it 
remains unclear how sensory evidence may impact these types of risky decisions. Using a spatial 
decision-making task, we manipulated sensory uncertainty (i.e., spatial variance), value 



magnitudes, and probability of punishments, we examined how the reliability of a stimulus 
biases feedback-based risky decisions. Two target stimuli were simultaneously presented (300ms 
duration) as two Gaussian distributions of dots with means separated by 100 to 200 pixels and 
spatial variances that could be increased to manipulate sensory uncertainty. In 800 trials, subjects 
(N = 20) used a mouse to select the center of either a Risky Target that had a specified 
probability of large reward or could incur a comparable penalty, and a Stable Target, which 
yielded consistent smaller rewards, but varied in spatial uncertainty across trials. Feedback was 
based on the selection endpoint distance from the center of the chosen target. Given the choice 
between the two targets, subjects began to choose the Risky Target more frequently (F(3,57) = 
43.8366, p < 0.001) when the reward to penalty ratio was greater than 2:1. Subjects also chose 
the Risky Target more frequently when the spatial uncertainty of the Safe Target was high 
(F(3,57) = 24.9440, p < 0.001), resulting in a significant interaction (F(9,171) = 4.6506, p < 
0.001) between feedback signals and spatial uncertainty on risky decisions. Our results show that 
risky choices become more viable as the perceptual uncertainty of the “safe” choice is increased 
relative to a risky alternative. 
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Abstract: Rewards exert a strong influence on learning and decision making. While 
dopaminergic and striatal mechanisms can only support reinforcement learning when feedback 
occurs within several seconds of predictive events, many salient events in life are preceded by 
sequences of events and actions that occur over significantly longer timescales. To account for 
learning from these common situations where feedback is delayed, alternative computational 
models and neural mechanisms are necessary. In the current experiments, we tested whether 
candidate models, including eligibility traces, forward planning, and post-feedback replay can 
account for behavioral performance and neural activity during learning. In our experiments, 
participants navigated temporally extended sequences of three unique rooms (states), leading to a 
reward or loss up to 50 seconds later. Each sequence was followed by a 15 sec rest period. In 
order to examine early learning, the task included 8 intermixed sequences that were only 
repeated 4 times. Behaviorally, participants exhibited acquisition of optimal choices after only 
one or two experiences. Further, in a separate experiment, for a subset of sequences only 
experienced once, participants were reliably able to identify whether a start state led to a reward 
or loss. These results demonstrate rapid learning across long delays that cannot be accounted for 
by traditional striatal learning mechanisms. In our fMRI study, we utilized specific visual 
categories of stimuli in each state of navigation (faces, scenes, objects, and motion). This 
allowed us to use multivariate classification and representational similarity analyses (RSA) to 
test for predictive effects related to forward planning as well as maintenance-related effects 
related to eligibility and replay during rest breaks. Our behavioral and neural results provide 
insight into how the brain can rapidly learn from and use delayed reward feedback in later 
decision making. 
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Abstract: Highly salient visual stimuli can draw attention as evidenced by gaze behavior. It has 
been suggested that reward learning is enhanced for these stimuli, but the underlying 
mechanisms are yet unclear. Pupil responses, which are linked to locus coeruleus activity, have 
been proposed to reflect surprise, thereby providing an index of learning. In the current eye-
tracking study, we investigated the role of visual salience in a probabilistic reinforcement 
learning task. On each trial, participants chose from a circular array with three neutral everyday 
objects and received feedback on the reward outcome. Visual contrast (low/high) and monetary 
reward probability (low/high) varied between objects. Visual salience influenced attentional 
allocation: While high-reward stimuli were fixated earlier and with higher probability than low-
reward stimuli, this effect was enhanced when salient stimuli were rewarded and attenuated 
when salient stimuli served as low-reward distractors. Learning, in contrast, was improved when 
salient stimuli were rewarding but not impaired by salient distractors. Participants were more 
likely to choose a salient than an equally rewarding non-salient object, both for low and high 
reward probabilities. The pupil response to reward feedback was decreased on trials when a 
salient stimulus compared to a non-salient stimulus was rewarded, suggesting that visual salience 
strengthened participants’ expectations regarding reward outcomes. Taken together, our findings 
suggest that reinforcement learning is biased by attentional mechanisms. 
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Abstract: Principles of hierarchical reinforcement learning (Botvinick, Niv, Barto, 2009) 
implicate learning at different levels of hierarchy from different sources of information. To learn 
at different levels of hierarchy, an agent has to calculate prediction errors associated with each 
level of hierarchy. With electroencephalogram, prediction errors correlate with a frontocentral 
event-related potential occurring 240-340 ms post-feedback, termed reward positivity. This 
component is posited to originate in the anterior cingulate cortex. The hierarchical reinforcement 



learning theory of anterior cingulate cortex (Holroyd & Yeung, 2012) raises the possibility that 
this brain region is sensitive to reward prediction errors at multiple levels of hierarchy. To 
investigate whether the reward positivity is sensitive to prediction error at two levels of 
hierarchy, we recorded electroencephalogram (EEG) from human participants engaged in two-
level hierarchical gambling task modified from Diuk et al. (2013). In this task, performance is 
improved if learning happens at both levels of the hierarchy. We found that the reward positivity 
is sensitive to reward information at both levels of hierarchy. This finding is consistent with an 
involvement of the anterior cingulate cortex in hierarchical reinforcement learning. 
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Abstract: How humans learn from errors is a matter of great interest in neuroscience, yet many 
aspects of the underlying brain mechanisms and the role of peripheral physiological processes in 
error-based learning still remain unclear. 
Here, we investigated error-related learning in 30 healthy subjects during a classical Eriksen 
flanker task. Subjects had to use either the left or right hand to respond to the visual stimuli and 
were instructed to avoid errors in the form of “slow” trials exceeding a pre-defined time limit. 
EEG data were acquired with a 128-channel system optimized for detection of high-frequency 
EEG components. To ensure an optimal signal-to-noise ratio, recordings took place in an 
electromagnetically shielded cabin and with full optical decoupling of all devices. We acquired 
peripheral physiological data using a high resolution binocular eye tracker and a two-channel 



ECG and computed the individual heart rate variability as a parameter previously implicated in 
learning processes. 
Consistent with the instruction stressing the importance of speed over accuracy, the number of 
slow trials decreased during the experiment (Fig. 1A). Further, we could show a significant post-
error heart-rate deceleration, while pupil size was significantly bigger following error trials 
compared to correct ones. Both parameters showed an opposite yet similar temporal profile (Fig. 
1B). In the EEG data, we found high-gamma band (HGB) spectral power increases in the 
frequency range up to 120 Hz approx. 100 ms post-error and over the frontal midline region. 
Across subjects, the amplitude of the individual frontal-midline HGB response was significantly 
correlated with the individual learning performance, as well as the heart rate variability and 
error-related pupil size response. 
Our findings reveal a novel response pattern consisting of central (frontal midline HGB) and 
peripheral (pupil size, heart-rate variability) components predictive of the individual success in 
learning from errors and thus open up a new window on the mechanisms contributing to learning 
via the error-monitoring network. 
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Abstract: The nature of human error processing and the underlying cerebral mechanisms are of 
great interest in neuroscience, and error-related brain responses may provide information useful 
to improve the accuracy of brain-machine interfaces (BMIs). So far, many studies focused on 
error-related responses below 30 Hz. We were interested in error-related effects in the high-
gamma band (HGB, 50-150 Hz), as this frequency range is thought to reflect local cortical 
information processing more directly than lower frequencies. 
30 healthy subjects performed a flanker task as classically used to study error processing 
(Gehring et. al, 1993). Under time pressure, the subjects had to use the left or right index finger 
to respond to the respective flanker. Recordings of 128-channel EEG were acquired within an 
optimized setting for non-invasive EEG high-gamma mapping in an electromagnetically shielded 
cabin with full optical decoupling of all devices and high-resolution binocular eye tracking. 
Additionally, 3 patients with pharmacoresistant epilepsy and implanted stereo-EEG (SEEG) 
electrodes performed the identical task. 
As our main result, we show for the first time error-related HGB spectral power modulations up 
to 120 Hz in non-invasive EEG (Fig. 1A), which could also be used for decoding on a single-trial 
basis. Additional SEEG data (Fig. 1B) revealed possible sources of these effects, including the 
premotor cortex. Additional responses were seen in areas not reflected in the non-invasive EEG, 
such as hippocampus and insula. Importantly, based on the eye-tracking data, we show that the 
error-related effects in the gamma range cannot be explained by differences in eye movements 



including micro-saccades, which had a different spatial distribution compared to the error-related 
effects. 
Our findings open a new window for investigation of the complex neuronal processes related to 
error perception and ensuing behavioral adaptation. Furthermore, the decodability of error-
related HGB responses indicates that these novel error-related brain signals may also be useful 
for BMI applications. 
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Abstract: Contemporary theories of decision making suggest human choice evaluation reflects 
an influence of model-based (MB) and model-free (MF) strategies, associated with distinct 
neural systems. Whereas MB simulates the sequence of states that will follow a choice and sums 
their rewards, MF caches future reward estimates. In two studies we employed varieties of 
revaluation to test the hypothesis that humans also engage in a third strategy, the successor 
representation (SR). SR caches predictions of which states will follow a choice, aggregating over 
multiple steps, but can flexibly alter the rewards paired with those states. Each trial of Study 1 (N 
= 58) had two phases. In a training phase, subjects were exposed to two three-state sequences, 
rewarded at terminal states. In a revaluation phase, subjects were exposed to a switch in either 
the reward paired with each terminal state (reward revaluation) or the terminal state to which 
each middle state transitioned (transition revaluation). Before and after revaluation, subjects 
indicated their relative preference for visiting the initial state of either sequence. While subjects 
showed revaluation in all conditions, they were relatively better following reward compared to 
transition revaluations (p<.005). This asymmetry suggests an influence of SR in addition to MB 
and MF strategies. SR, unlike MF, can adapt rapidly to changes in reward structure by updating 
reward predictions. However, unlike MB, SR does not represent one-step transitions and cannot 
adapt rapidly when they are changed. Each block of Study 2 (N = 88) started with a training 
phase in which subjects made a choice to transition to a second-level state, then a second choice 
to transition to a rewarding terminal state. In a revaluation phase, subjects experienced reward 
and transition revaluations, and a novel revaluation in which learning about a terminal-state 
reward change caused a change in their second-level choice preference (policy revaluation). 
Caching prevents the SR from altering predicted future states to those implied by the new 



second-level choice preference. Although subjects were able to alter stage 1 choices in all 
conditions, they were relatively better at reward revaluations compared to both transition 
(p<.005) and policy (p<.02) revaluations. These results suggest use of intermediate caching 
strategies, between MB and MF, that trade off flexibility with computational efficiency. Ongoing 
fMRI investigation of Study 1 seeks neural evidence of SR-prescribed caching. Using category-
specific visual responses, we ask whether transition revaluation failures are accompanied by 
neural evidence of cached multi-step state predictions. 
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Abstract: Learning from past choices and their outcomes guides adaptive decisions. Major 
advances have been made in understanding how such learning is accomplished over the course of 
repeated experiences with a fixed set of options, a process well described by reinforcement 
learning models. Many choices, however, are made between options with which we have sparse 
experience. Less is known about the cognitive and neural mechanisms by which single episodes 
are retrieved to support decisions and how this process interacts with incremental learning. We 
hypothesized that choices based on single past episodes are likely to depend on episodic memory 
mechanisms in the hippocampus, which are dissociable from striatal-dependent incremental 
value learning mechanisms. To test this hypothesis, we developed a task in which value-based 
decisions can be made using both episodically and incrementally learned values. On each trial, 
participants chose between two cards to win money. Participants could base choices on two 



separate features: the color of the ‘deck’ (blue or red) or the picture of an object on the card 
(different for each card). The outcomes for each deck were probabilistic and varied slowly over 
time, allowing participants to incrementally learn which deck had a greater probability of reward. 
Separately, each object perfectly predicted the card's value, allowing participants to use their 
memory of a single previous trial to increase winnings. Critically, the value of the deck vs. the 
objects was not correlated (r=.07), allowing us to track the influence of each type of value on a 
trial-by-trial basis. This opens the door to the behavioral and neural characterization of each form 
of learning and their interaction. We found that participants’ choices were best predicted by a 
model that included both incremental learning of deck-values, estimated using a Q-learning 
algorithm, as well as one-shot episodic memory for object values. Moreover, the strength of 
episodic memory learning was modulated by the uncertainty of deck values: participants were 
more likely to use object values from trials that occurred when the deck value was least certain. 
This effect was not driven by changes in reaction time during object value learning and deck 
uncertainty did not influence the use of object values, suggesting that uncertainty did not affect 
participants’ attention to objects. These results demonstrate that both incrementally learned 
values and one-shot memory for distinct episodes guide value-based choices and that their 
relative contributions are modulated by uncertainty. 
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Abstract: Cognitive bias problems are seen in many professions where analysis is an important 
component (e.g., intelligence, law enforcement, medicine, aviation, journalism, and scientific 



research). When an intelligence problem invokes these cognitive biases, analysts may draw 
inferences or adopt beliefs that are logically unsound or not supported by evidence. Cognitive 
biases in analysis tend to increase with the level of uncertainty, lead to systematic errors, filter 
perceptions, shape assumptions and constrain alternatives. The Sirius Program produced 
computer games to train participants and measure their proficiency in recognizing and mitigating 
the cognitive biases that commonly affect all types of intelligence analysis. Recent research has 
demonstrated that transcranial direct current stimulation (tDCS) can accelerate learning and 
enhance declarative memory (e.g. McKinley, et al., 2013) and can affect the medial prefrontal 
cortex (mPFC) neural response to making a mistake (Reinhart & Woodman, 2014). A spike of 
negative voltage that originates from this area of the brain milliseconds after a person recognizes 
a mistake reinforces the brain to learn and retain information from errors. The hypothesis is that 
interaction with a video game with constant error feedback, along with tDCS stimulation could 
lead to significantly more effective training and measurably increased retention of the bias. A 
total of 21 male and female active duty Air Force volunteers participated in the experiment. All 
participants were given a test to assess their level of cognitive bias. Next, they played the 
cognitive bias training game while receiving real (n=10) or sham (n=11) tDCS at 2mA over 
mPFC. They then completed a post-training test to assess their cognitive bias. All participants 
returned 1 week later for a follow-up test. The results suggest that the sham tDCS group 
significantly reduced their level of cognitive bias after training and this effect remained 1 week 
later. However, the cognitive bias scores for the tDCS group did not significantly change. 
Because of the mPFC’s involvement in learning from mistakes and retrieval of recent and remote 
memories, it was anticipated that stimulation of this region would enhance the cognitive bias 
training. However, the data suggest that tDCS interfered with the training and prevented 
participants from learning to mitigate their cognitive biases. Tronel and Sara (2003) showed that 
interfering with the mPFC following learning disrupted recall. Hence, it is possible that the tDCS 
paradigm applied herein augmented the natural activity of the mPFC in a way that impaired 
encoding or retrieval of the information presented. 
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Abstract: Recent years have seen a proliferation of studies in which computational models are 
used to specify a set of hypotheses regarding learning and decision-making in humans, which are 
then tested against data from fMRI. Much of this model-based fMRI effort focuses on the 
nucleus accumbens or ventral striatum (VS), where the blood oxygenation level dependent 
(BOLD) response has been shown to reflect reward prediction-error signals putatively from 
dopaminergic afferents. To make sensible inferences about neural activation in this area from 
fMRI data, it is important to accurately model the hemodynamic response function (HRF) of the 
VS, i.e., the hemodynamic response evoked by a punctate neural event in the VS. A canonical 
HRF, mapped for sensory cortical regions, is commonly used for analyzing activity throughout 
the brain despite the fact that hemodynamics are known to vary across regions. Here we use data 
from an experiment focused on learning from prediction errors to fit a VS-specific HRF function. 
Our results show that the VS-specific HRF differs significantly from the canonical HRF, most 
importantly peaking at 6 sec after the event, rather than at 5 sec as in the canonical HRF. We 
demonstrate the superiority of the VS HRF in modeling prediction-error data by showing that 
using the new VS-HRF increases statistical power. This result is particularly relevant to fMRI 
studies in neuroeconomics and reinforcement learning as many of these rely on fine-grained 
analysis of VS BOLD activity to distinguish between important but subtle differences in 
computational models of learning and choice. We therefore recommend the use of this VS-
specific HRF for future fMRI studies of the VS. More broadly, our study highlights the 
importance of the HRF model used in determining the significance of the results obtained in 
classical univariate fMRI analysis. 
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Abstract: The ability to make predictions about the environment is critical for an organism’s 
survival, and the reward system in mammals is critical to this ability. Various reward centers 
have been shown to project to the sub-thalamic nucleus (STN), and recent evidence in animal 
models suggests that the region is involved with reward expectation. Our experiments extend 
these results and specifically test for reward expectation in the human STN. 
Parkinson’s Disease patients (n=11) were asked to participate in our study during a deep brain 
stimulator (DBS) implantation procedure (see Fig 1A). During this procedure, recording 
microelectrodes were implanted within the ventral STN. Patients were presented with a visual 
stimulus of a green dot, followed one second later by either a reward (32 trials) or nothing (8 
trials). The reward stimulus was sugar water administered orally via a syringe pump. For 
additional controls, a set of 20 trials was performed where patients were simply given sugar 
water at random with no visual stimulus. The reward/non-reward conditions were analyzed and 
compared using the recorded LFP data. 
Our analysis has shown a heterogeneous response, which is unsurprising given the variability in 
recording location. 39% of the electrodes across 10 patients showed significant population 
activity that appears to encode for prediction error in the β and γ bands; i.e., the neural activity 
changed when the subject did not receive an expected reward at the appropriate time (See Fig 1B 
for example). Additionally, we see approximately 23% of electrodes across 6 patients show a 
significant response solely for when the reward was administered. These results are in line with 
the aforementioned animal studies, showing that STN activity is related to either reward stimuli 
and or the expectation of reward stimuli. Future studies will be done to link these results to the 
reward system as a whole using precise position data of the recording electrodes. 
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Abstract: A hallmark of goal-directed behavior is the ability to flexibly pursue specific goals in 
the context of general motivational changes. For instance, finding both food and shelter is 
important, but just because we find food does not mean we should abandon the search for shelter. 
The same applies to food choices, where in a sated state, cues related to non-sated food items 
often continue to facilitate consumptive behavior. The implication is that even when sated, the 
brain maintains specific representations of non-sated outcome expectancies. We have previously 
shown that human orbitofrontal cortex represents the identity of expected food odor rewards. 
However, the mechanisms by which these representations are updated after satiety to reflect 
changes in expected reward value are not known. Here we combined functional magnetic 
resonance imaging (fMRI) with appetizing food odor stimuli and a sensory-specific satiety 
paradigm to address this question. Human subjects (N=17) first learned to associate visual 
symbols with two distinct food odors. Subjects then performed a task in which they made 
choices among these symbols in order to receive low-intensity (i.e. low value) or high-intensity 
(i.e. high value) versions of the odors while undergoing fMRI. Scanning was conducted first 
while participants were hungry, and then immediately after they had eaten a meal corresponding 
to one of the odors to satiety. In the hungry state, subjects reliably chose symbols associated with 
the high-intensity version of both odors. After eating, although ratings of hunger and desire to eat 
were diminished, subjects continued to choose the high-intensity version of the non-sated odor, 
while choices related to the sated odor were shifted towards the low-intensity. Multivoxel pattern 
analysis of the fMRI data revealed that representations of both odor identities in medial 
orbitofrontal cortex (mOFC) were completely abolished by satiety, while in lateral orbitofrontal 
cortex (lOFC) representations of the non-sated odor persisted in the full state. Moreover, we 
observed uniform satiety-related changes in outcome value in the ventral striatum (VS) and the 
ventromedial prefrontal cortex. These findings were mirrored by general satiety-related changes 
in connectivity between mOFC and VS, while coupling between lOFC and VS remained 
significant after the meal only for the non-sated odor. Taken together, these results suggest that 



VS integrates information related to general changes in motivational state via mOFC, and 
identity-specific changes in value via lOFC, providing evidence for a novel mechanism by which 
separable regions of the OFC exert differential control over feeding behavior. 
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Abstract: Spilling a cup of hot coffee, at best, represents a failure to obtain an anticipated 
reward, and in some instances painful punishment. Obviously, it is not the coffee’s fault but 
rather a failure of movement execution. Although this credit assignment appears intuitive, 
current decision-making models lack a mechanistic account of this process. 
Recently, we explored this problem by employing a reaching version of a two-armed bandit task 
in which the failure to obtain an expected reward could result from motor execution errors 
(McDougle et al 2016). In this version of the task, participants showed a diminished risk-averse 
bias compared to that observed in a standard keyboard pressing version of the task, in which 
failed outcomes are attributed to malfunction of the bandit and not execution errors. 
Furthermore, we found that individuals with cerebellar degeneration failed to modulate their 
behavior between the two conditions. These results were consistent with a reinforcement-
learning model in which value updating was gated by cerebellar-dependent sensory prediction 
errors (SPEs). The SPEs served as a signal to attenuate changes in value that normally occur 
following (negative) reward prediction errors. 
Here, we tested this hypothesis by manipulating SPEs, independent of other possible 
confounding variables. In the original study, participants received movement feedback in the 
form of a cursor presented at the endpoint position of the movement. Unbeknownst to the 
participant, the experimenter controlled the cursor position, introducing small perturbations to 
control outcomes on some trials. Thus, movement feedback was veridical on some trials whereas 



fake on other trials. This type of feedback may have induced a sense of control over the outcome 
in participants and it also prevented us from observing aftereffects, a hallmark of adaptation. To 
control for this in the current study, execution errors were signalled by the appearance of a cursor 
at an invariant midpoint location between the two targets. While participants are aware that the 
cursor in these displays does not indicate their hand position, a cerebellar-dependent adaptation 
system has been shown to treat this signal as an SPE and continues to adapt movement. Despite 
clear signatures of this adaptation, there was no effect on participants’ choice behavior compared 
to a condition in which the visual feedback was absent. In both conditions, we observed the 
traditional risk averse bias. These results suggest that SPE signals do not directly solve the credit 
assignment problem, rather they may serve as a signal for the sense of competence in one’s 
ability to produce actions that will achieve desired outcomes. 
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Abstract: Dopamine has been heavily implicated in reinforcement learning, however, recent 
work has begun looking at the role of dopamine in the expression of reinforcement learning, via 
consolidation, retrieval or exploration/exploitation mechanisms. We tested 18 Parkinson’s 
disease (PD) patients and healthy age-matched participants (HPP) on a modified version of the 
Probabilistic Selection Task (PST), which tests to what extent participants learn from positive vs. 
negative feedback. In this task the participants were presented with pairs of cards and had to 



learn which card to choose. One of the cards (A) was associated mainly with positive feedback, 
while another card (B) was associated predominantly with negative feedback. Thus the fraction 
of subsequent testing trials in which participants choose A and avoid B measures the tendency 
for learning from positive and negative feedback, respectively. Participants were tested with and 
without a 24 hour delay between learning and testing. Patients were ON or OFF their 
dopaminergic medication for learning, and in the 24 hours delay condition were also ON or OFF 
medication for the 24 hour test. We also tested PD patients on the canonical version of the PST. 
We looked at the different amounts of choose-A and avoid-B behaviour caused by the different 
medication states and delays. We found that after the 24 hour delay, PD patients and HPP 
showed a significant bias to avoid-B over choose-A, which was not affected by medication state 
at either time of learning, or time of testing. However, when patients were tested immediately 
after learning there was no such bias. This suggests that the information learned during 
reinforcement learning is not static, but is affected by delays between testing, and that this may 
affect the balance between positive and negative reinforcement learning. Computational 
reinforcement learning models with differential decays for the positively and negatively learned 
information were explored and fit to the data, and show that decay/consolidation mechanisms 
can account for the data. 
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Abstract: Objective: Humans naturally group the world into coherent categories defined by 
membership rules. While it is possible to learn these rules using stimulus-response associations, 
humans also have the ability to explicitly reason about rules. We sought to determine whether the 



striatum, which reliably shows activation that scales with reward prediction error and is thought 
to be a part of the brain’s reinforcement learning system, would also show prediction error 
responses in a task where people learn explicit rules. 
Methods: We acquired functional magnetic resonance imaging data from subjects while they 
learned the category labels of stimuli with deterministic feedback. The stimuli had three 
dimension (shape, color, texture), and each dimension had two possible feature values. Subjects 
learned rules in blocks ranging from simple (e.g., blue stimuli are category 1) to complex (e.g., 
blue and square or checkered are category 1). We fit a series of reinforcement learning models 
that learns rules implicitly as well as a Bayesian rational rules model that reasons explicitly over 
rules. 
Results: We exploit a difference in the learning signals between reinforcement learning models 
(reward prediction error) and Bayesian updating (surprise). Reward prediction error is a signed 
learning signal that is larger for positive than negative feedback. In contrast, surprise in our task 
was generally larger for negative feedback. In the neural data, we find greater BOLD signal 
responses to negative relative to positive feedback in both the striatum and ventral tegmental 
area. This pattern of responses is inconsistent with reward prediction error signaling. Further, we 
find that activation in the striatum scales parametrically with the Bayesian surprise signal. We 
propose that the striatum updates stimulus and action values, rather than representing learning 
signals per se. Although value updating and prediction error are perfectly correlated in 
reinforcement learning models, rule updating and surprise are not. We demonstrate that the 
striatum and caudal inferior frontal sulcus (cIFS) activation varies parametrically with rule 
updating and exhibits functional connectivity during feedback. 
Conclusions: We conclude that the striatal feedback response does not represent prediction error 
as part of a reinforcement learning algorithm. Rather, its response scales with the relevant 
learning signal underlying learning because it is involved in updating a model of stimulus-
response demands of the environment. We conclude that the striatum, in cooperation with the 
cIFS, is specifically involved in updating the values assigned to rules, rather than representation 
of error. 
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Abstract: Introduction 
Humans have a remarkable capacity to flexibly pursue their goals in changeable environments. 
Such adaptive behavior requires the appropriate attribution of particular outcomes to particular 
past choices based on knowledge of the environment’s causal structure. Here, we couple 
computational modeling of learning with multivariate ‘representational’ analysis approaches to 
reveal how particular reward identities are associated with their antecedent causal choices. 
Methods 
We scanned 20 healthy subjects with functional MRI while they performed a decision task. In 
condition 1 subject choices were resolved after a brief delay. In condition 2, comprising separate 
blocks of trials, choices were not resolved until subjects had witnessed the outcome of their 
previous choice and made a second decision. This manipulation meant the relevant causal choice 
was the most recent choice in condition 1 and the previous choice in condition 2. Preprocessing 
and univariate FMRI analyses were carried out using SPM12 and multivariate analyses using a 
nonlinear support vector machine implemented in Libsvm and Matlab 2014a. 
Results 
Behavior: Multiple linear regression analysis revealed that in condition 1 subjects appropriately 
credited outcomes to the most recent choice, (choicet-1Xoutcomet-1: t(19)=9.07, p<0.0001) but 
not the previous choice (choicet-2Xoutcomet-1: t(19)=1.13, p>0.1). Conversely, in condition 2 
subjects instead appropriately credited the previous choice (choicet-2Xoutcomet-1: t(19)=3.177, 
p=0.0025) but not consistently the most recent choice (choicet-1Xoutcomet-1: t(19)=-1.60, 
p=0.06). This indicates subjects flexibly assigned credit to the appropriate causal choice based on 
the task rules. 
FMRI: We tested whether the relevant past choice’s identity elicited a characteristic activity 
pattern across voxels when outcomes were later revealed. In condition 1 the most recent choice 
could be decoded at the time of outcome delivery in inferior occipitotemporal, perirhinal and 
lateral orbitofrontal cortex (t(19)>3.6, p<0.001 uncorrected). In condition 2 we found a similar 
network for the previous causal choice’s identity, albeit at a reduced threshold (t(19)>2.57, 
p<0.01), but not for the most recent choice (t(19)<1.2, p>0.1), which could instead be decoded 
from dorsolateral prefrontal cortex (t(19)>2.57, p<0.01). 
Conclusions 
Our findings provide novel evidence that past stimulus choices are coded in inferior 
occipitotemporal and orbitofrontal cortex when outcomes are subsequently delivered. This 
suggests retrospective choice codes provide a mechanism by which the brain attributes outcomes 
to their likely causes. 
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Abstract: Recent research has demonstrated that patients with right brain damage (RBD) have 
difficulty updating their beliefs in response to environmental change. However, little is known 
about the functional basis of the impairment. The current study tests two potential explanations: 
a) RBD patients do not detect changes in their environment and therefore persist acting on old 
beliefs, or b) RBD patients detect changes, but fail to identify a new effective strategy due to an 
impaired ability to explore the hypothesis space. We administered an adaptive learning task to 
RBD and left brain damage patients (LBD). Participants had to learn rules about button-stimuli 
associations through trial and error. At unpredictable points throughout the task these rules 
changed (i.e., every 33-48 trials). On each trial, participants received noisy feedback (90% 
congruent) indicating whether or not they had pressed the correct button. We used a 
computational model of adaptive learning (the PROBE model) to partition the effect of change 
on exploratory behaviour. We found that RBD patients had more difficulty adapting to rule 
changes than LBD patients. These challenges, however, were not due to difficulties detecting 
rule switch; following a rule switch, RBD patients made changes to their responses, and persisted 
with old rules at a similar rate to LBD patients. Critically, RBD patients tended to detect more 
changes than were actually present. That is, RBD patients engaged in frequent and largely 
unguided explorations of potential new rules. We suggest that these difficulties stem from 
problems integrating feedback information such that RBD patients are more susceptible to 



incongruent feedback. Our results suggest that the right hemisphere is specialized for the 
exploration of alternative options in adaptive learning tasks, and that exploratory failures 
contribute to the updating deficits seen in RBD patients. 
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Abstract: Studies using real-time functional magnetic resonance imaging (rt-fMRI) have 
recently incorporated the decoding approach, allowing for fMRI to be used as a tool to 
manipulate fine-grained neural activity. Because of the tremendous potential for clinical 
applications, certain questions regarding decoded neurofeedback (DecNef) must be addressed. 
Neurofeedback effects have been previously shown to last for months, but the short- to mid-term 
dynamics are currently not known. Specifically, can the same participants learn to induce neural 
patterns towards two opposite directions in different sessions? This leads to a further question, 
whether learning to reverse a neural pattern may be less effective after training to induce it in a 
previous session. Here we employed a within-participants design, with participants undergoing 



DecNef training sequentially in opposite directions (up or down regulation of confidence 
judgements in a perceptual decision task), with the order counterbalanced across participants. For 
each direction, participants underwent two days of DecNef training, with behavioral tests before 
and after the fMRI scanning sessions (pre- and post-tests). A one-week interval separated the 
opposing DecNef trainings. Behavioral results indicated that the magnitude of neurofeedback 
effect was strongly influenced by the order and direction of neurofeedback training. We therefore 
applied nonlinear mathematical modeling to decompose the behavioral effect into four main 
consequences of DecNef: main effect of change in behavior, strength of down-regulation effect 
relative to up-regulation, maintenance of learning over sessions, and anterograde learning 
interference. Modeling results revealed that bidirectional brain manipulation successfully led to 
bidirectional behavioral changes in different sessions. Furthermore, up-regulation effect was 
more sizable, and such effect was largely preserved even after an interval of one week. Lastly, 
there existed a strong anterograde interference onto the next DecNef session by the first week 
DecNef; the consequence was a stronger effect of neurofeedback in the first week as compared 
to the second week. These results suggest reinforcement learning characteristics of DecNef, and 
provide important constraints on its application to basic neuroscience, occupational and sports 
trainings, and therapies. 
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Abstract: Neural networks in rodent medial prefrontal cortex occasionally go through rapid 
changes in neural firing patterns. Such “network resets” tend to occur during periods of 
uncertainty during which animals are rapidly shifting between different behavioral regimes [1]. 
Currently it is unknown what the populations of neurons that participate in such phenomenon are 
representing. One potential explanation is that such populations represent the current behavioral 
regime and that rapid transitions in this representation reflect changes of mind with regard to a 
behavioral policy. An alternative explanation for this phenomenon is that the networks provide a 
fluctuating context to which newly arriving information is bound. Within this framework, 
gradual transitions in network activity could allow partial pooling of information collected within 
a stable context, whereas rapid network resets could allow information collected in one context 
to be effectively partitioned from that collected in the next. The critical difference between these 
two explanations is that the former involves a population representation that is capable of 
returning to a previously encountered behavioral regime whereas the latter explanation predicts a 
population representation that moves further and further from previous contexts, even when 
those contexts involved similar stimulus action mappings. Thus, testing these two hypotheses 
requires observing uncertainty driven network resets in the context of a task where behavioral 
regimes are occasionally re-encountered. Here we do this by examining the fluctuations in multi-
voxel patterns of BOLD activity from human subjects making sequential inferences about the 
state of a partially observable and discontinuously changing variable [2]. We find that, within the 
context of this task, the vast majority of cortex contains representations that change more rapidly 
during periods of uncertainty. We find that, in some cortical areas, such as motor cortex, this 
phenomenon is indicative of discontinuous changes in the representation of a behavioral regime. 
In contrast, we identify other cortical regions, including orbitofrontal cortex, which are more 
consistent with the representation of a context that fluctuates more rapidly during periods of 
uncertainty. Finally, we show that several other cortical areas showing the basic phenomenon, 
such as DLPFC and ACC, are best described by an alternative explanation: encoding uncertainty 
itself. 
1. Karlsson MP, Tervo DGR, Karpova AY. Science 2012, 338:135-139. 
2. McGuire JT, Nassar MR, Gold JI, Kable JW. Neuron 2014, 84:870-881. 
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Abstract: Value guides behavior. With knowledge of stimulus values and action consequences, 
one is able to select its actions to maximize expected cumulative reward. Prior work has 
identified several brain structures critical for representing stimuli and their values. It remains 
unclear, however, how these structures interact with one another and with other regions of the 
brain to support the acquisition of value-related knowledge. Here we approach this problem from 
a network neuroscience perspective, examining patterns of BOLD functional connectivity across 
the whole brain and how they change as 20 human subjects learn the values of novel stimuli in a 
simple two-alternative forced choice task. The monetary values of 12 shapes were learned over 
the course of four consecutive days, through a feedback consisting either of the value of the 
shape selected (10 subjects) or the correctness of the selection (10 subjects). Our results show 
that the overall functional networks change continuously over the course of learning, and that 
these changes primarily involve regions of the visual, frontal, and anterior cingulate cortices. 
Using a cross-validation procedure, we show that connections between visual and frontal and 
between visual and cingulo-opercular modules are useful predictors of a subject's learning stage, 
and that connections between various modules and basal ganglia structures can significantly 
classify the type of feedback received by the subjects. Together, these results demonstrate that 
functional networks dynamically track behavioral improvements in a value judgment task, and 
that interactions between network communities are useful biomarkers of value learning. 
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Abstract: We often face multi-dimensional decision making situations, in which we gather 
incomplete pieces of information to deduce optimal decisions. Although a few studies have been 
performed on reward-based learning process in multi-dimensional environments, they focused 
only on the reduction of unnecessary dimensions (Niv et al., 2015), competitions, or 
combinations of dimensions (Hunt et al., 2014); no previous study has yet investigated how the 
brain integrates dimensions during learning trials. In this study, we investigated how the brain 
integrates information in multi-dimensional reinforcement learning task using computational 
model based on hidden markov model (HMM) and reinforcement learning (RL) and fMRI; we 
observed that our brain integrates pieces of information in a sequential manner and that the 
frontopolar cortex is responsible for the integration process. 
23 subjects participated in the multi-dimensional behavioral task. Subjects were shown pictures 
with multiple features—shapes, color, and patterns—and asked to collect as many points 
(reward) as possible; participants were not informed of the rule and were to find optimal 
strategies to achieve their goals. During behavioral tasks, subjects’ performance and the fMRI 
signals were simultaneously recorded. 
To examine whether subjects learned by integrating multi-dimensional information sequentially 
or processing concurrently, we fitted behavior data into two separate computational models—one 
with both HMM and RL for sequential learning and the other with only RL for concurrent 
learning. The comparison between two models demonstrates that the participants integrated 
multi-dimensional information sequentially. 
After confirming that information is integrated sequentially, we examined which part of the brain 
was related in our behavioral task from the fMRI data. We observed that the frontoparietal cortex 
encoded expected reward, and the ventromedial prefrontal cortex encoded prediction error, as 
previously reported (Lee et al., 2014). Also, the frontopolar cortex was observed to be correlated 
with transition probabilities in HMM, indicating that it is responsible for multi-dimension 
integrating process. Psycho-physiological interaction (PPI) analysis revealed the existence of 
causal connections between these three areas, suggesting that the frontopolar cortex works as a 
meta-controller and integrator of value and error signals. 
Overall, our result explains how our brain integrates multi-dimensional components sequentially 
during reinforcement learning. Our study, therefore, suggests how human effectively processes 
new information when the dimension is extended. 
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Abstract: Brain-controlled robots are a new type of assistive device for severely impaired 
persons. Information about the correctness of robot performance might provide a teaching signal 
for adaptive control algorithms and thus help reducing errors. To reach this goal, an evaluation of 
the correctness of the robot's action must be inferred from the brain activity of the robot 
user.Studies about the neural correlates during observation of robotic action are rare. Here, we 
present findings from two novel experiments in which subjects watched different types of robots 
conducting everyday-actions (i.e. pouring liquid and picking up objects). In both scenarios, 
actions were either performed correctly or incorrectly (Fig. 1 a-c). We recorded 128-channel 
high-resolution EEG during the observation tasks to train rLDA- and filterbank-CSP classifiers 
on varying time-intervals and frequency-components of the multivariate signal. These classifiers 
should either decode for the correctness of the observed action, or for the type of the observed 
robot (humanoid/non-humanoid). It was possible to decode both the correctness, at least in one 
of the investigated error scenarios (spilling of liquid), as well as the robot type significantly 
above chance level with decoding accuracies up to around 70% (see Fig. 1 d-f). Further on, our 
results indicate an effect of the frequency components used for decoding. We conclude that non-
invasive recordings of brain activity elicited when observing robots can indeed provide 
decodable information about the correctness of the robot’s action, and also about the type of 
observed robot. Hence, brain signals related to robot-error observation may improve the 
performance of future brain-controlled devices and might reveal valuable insights into the neural 
bases of human-robot interaction in general. 
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Abstract: In natural settings, Pavlovian (or classical) conditioning and instrumental (or operant) 
conditioning often occur concurrently. Neural subsystems specialized for either type of learning 
thus often could benefit from exchanging information. Typical approaches to studying the 
interactions between these two systems entail presenting previously learned Pavlovian cues 
during instrumental performance and exploring the interactive effects on behavior (i.e., 
Pavlovian-instrumental transfer). Here, we were more concerned with the extent to which 
knowledge about the environment acquired via Pavlovian learning (i.e., conditioned 
reinforcement) could influence instrumental learning when the outcomes of those instrumental 
actions are learned about in a Pavlovian manner, and we set out to delineate the neural 
mechanisms underlying such effects. 
For this study, human subjects performed a multi-stage learning task that required both 
Pavlovian and instrumental learning in parallel. High-resolution functional magnetic-resonance 
imaging (fMRI) data with 1.5-mm isotropic voxels were acquired using protocols optimized for 
the midbrain. Reinforcement-learning models accounted for subjects' behavior and were applied 
to model-based analyses of the fMRI data. Pavlovian states were interleaved with and related to 
instrumental states by design. Prediction-error signals for these Pavlovian states were identified 
within the dopaminergic midbrain--specifically, the substantia nigra and the ventral tegmental 
area--as well as in the ventral striatum, a region that has previously been implicated in Pavlovian 
learning. Notably, such Pavlovian learning signals were also identified within the dorsal 
striatum, a region that has previously been argued to have roles specific to instrumental learning. 
Furthermore, the magnitudes of Pavlovian prediction-error signals in the substantia nigra and the 
dorsal striatum were correlated with how optimally subjects performed the instrumental 
component of the task. 
The present findings suggest that acquiring conditioned reinforcement through Pavlovian 
learning may depend on neural circuits hitherto implicated in instrumental conditioning--namely, 
in the dorsal striatum and the parts of the substantia nigra that project to the dorsal striatum. By 
linking the dorsal striatum to learning about conditioned reinforcers that ultimately could be used 
to drive instrumental actions, the present results broaden our understanding of the functions of 
this area in reward-related learning. 
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Abstract: Visual processing speed is the rate of visual information uptake per time unit. The 
salience network (SN) covers bilateral frontal gyrus areas assumed to be relevant, e.g., for 
processing speed. While both processing speed and intrinsic functional connectivity (iFC) of the 
SN (SN-iFC) are reduced in healthy aging, it is not known whether and how their individual 
variability is related. Here, we aimed to describe this relation in a group of older (60-80 years; 
mean = 71; n = 29; 11 females) and, for reference, a group of younger (18-35 years, mean = 
25.9; n = 26; 14 females) adults. All participants underwent resting-state functional magnetic 
resonance imaging for 12.5 min, with eyes closed, in a 3T scanner. In a different session, 
processing speed was assessed using a Theory of Visual Attention (TVA)-based whole-report 
task. Here, participants were presented with letter arrays for brief, variable, and individually pre-
adjusted exposure durations and had to report all letters they were fairly certain they had seen. 
Parameter processing speed was estimated, via computational modelling of report accuracy 
changes with increasing exposure durations. Preprocessed functional images of all participants 
were used for a group independent component analysis with 20 dimensions. The SN was visually 
identified and further confirmed by multiple regression of a SN template. To examine the 
correlation between SN-iFC and processing speed values, we performed multiple regression 
analysis of both variables, separately for each age group. In the older compared to the younger 
group, we found significantly lower visual processing speed and lower average SN-iFC. 
Significant group differences were found in IFC in left superior frontal and middle frontal gyrus, 
left anterior and right middle cingulate cortex, and right angular gyrus. Within each group, we 
found significant correlations between individual visual processing speed values and SN-iFC in 
distinct frontal clusters, i.e. a left inferior cluster in the older and a right middle frontal cluster in 
the younger group. Our results suggest that, within the SN, frontal iFC is associated with visual 
processing speed across different age levels, but that the most critical frontal area within the SN 
might change with age. 
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Abstract: Previous research has shown that varying psychophysical task parameters can have 
significant effects on performance. However, this research did not account for different input 
methods and their effects on cognitive task performance. We hypothesized that altering the input 
modalities in cognitive training tasks would affect participant performance and training 
strategies. 
Through a wide-scale study of participants undergoing cognitive training through an online 
system (Lumosity), which includes millions of users, we investigated the result of input method 
differences between computer-based and mobile-based training. We measured performance in 
several different cognitive training tasks, including selective and divided attention and working 
memory tasks. 
Performance metrics such as reaction time, error rates, and memory capacity were recorded and 
compared across groups completing either computer-based or mobile-based training. We 
observed several significant differences in behavior, such as faster response times and lower 
accuracy in mobile-based attention tasks compared to computer-based tasks. This study suggests 
that input modality is an important consideration when designing cognitive training tasks and 
interpreting their results. 
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Abstract: Neural oscillations in sensory cortex, recorded via scalp electroencephalography 
(EEG), are modulated by attention and expectation. In particular, cortical alpha- and beta-
oscillations are suppressed in anticipation of attended stimuli, and this pre-stimulus suppression 
influences perception. We demonstrate a similar top-down oscillatory modulation at the level of 
the human spinal cord. We recorded local field potentials (LFPs) from epidural spinal electrodes 
implanted for pain relief in patients with different pain syndromes, simultaneous to scalp EEG, 
during an intermodal, somatosensory vs. visual, attentional cueing paradigm. We found a 
stimulus-induced decrease in the power of alpha- and beta-oscillations in spinal LFPs, similar to 
stimulus-induced responses in the cortical EEG. Importantly, the power of alpha- and low beta-
oscillations in the spinal cord was already suppressed prior to stimulus onset, evidence of an 
anticipatory, top-down regulation at the level of the spine. Attention to somatosensory stimuli 
resulted in diminished, rather than enhanced, pre-stimulus alpha- and beta-suppression, contrary 
to its well-known effects at the cortical level. Taken together, first results of this ongoing study 
support the idea of a top-down regulation of somatosensory processing via changes in alpha- and 
beta-oscillations as early as the spinal cord. 
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Abstract: Primary questions in the study of consciousness are (1) what is the succession of 
neural activity linked with conscious events, and (2) how are otherwise unconscious stimuli 
recruited to perception? The current investigation supports the role of alpha oscillations in gating 
conscious perception and corroborates the neural activity progression defined by established 
models of visual consciousness. Nine participants with intractable epilepsy undergoing an 
intracranial EEG implantation (100-300 subdural intracranial electrodes; sampling rate = 1024 
Hz) were recruited from the Yale Epilepsy Surgery Program. A visual threshold perception task 
was administered requiring participants to indicate their awareness of a face stimulus appearing 
on a dynamic background. Stimuli were calibrated to that participant’s 50% threshold of contrast 
detection, confirmed by response accuracy. Electrodes located in the primary visual cortex 
revealed similar intracranial event-related potentials (ERPs) activity between perceived and not 
perceived trials during early post-stimulus onset phases (<200 ms). Diverging ERPs were 
observed between perceived and not perceived trials during intermediate and late post-stimulus 
onset phases (>200 ms). Deviations were particularly true for higher visual processing and other 
association cortical areas, including the fusiform face area, fronto-parietal cognitive and medial 
temporal memory networks. Moreover, alpha oscillations tended to be phase locked within both 
consciously perceived and not perceived trials, yet phase shifted relative to these trial types 
within subjects. Accordingly, the temporal relationship between alpha phase and the stimulus 
onset may gate conscious events. In summary, these results exhibit unique activity patterns for 
higher order brain circuits for consciously perceived versus not perceived stimuli. Furthermore, 
the alpha phase data suggests that pre-stimulus activity is involved in gating conscious 
perception. Our ERP and alpha findings predict global synaptic brain activity that may be 
essential for defining what stimuli become conscious and how this information is processed. 



Future investigations will focus on the role of subcortical activity in conscious perception and its 
relationship to the temporal progression and regional specific activity for conscious stimuli as 
revealed in the current study. 

Disclosures:  S.I. Kronemer: None. W.R. Xiao: None. L. Gober: None. R.E. Smith: 
None. S.M.A. Wafa: None. A. Raja: None. E. Morse: None. R.E. Watsky: None. C.L. 
Horien: None. E. Saberski: None. O. Morgan: None. G.J. Touloumes: None. W.C. Chen: 
None. D.D. Spencer: None. J.L. Gerrard: None. H. Blumenfeld: None. 

Poster 

646. Human Cognition: Attention II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 646.05/LLL56 

Topic: H.02. Human Cognition and Behavior 

Support: NIH Grant R01-DA013165 

Title: Template specificity in loss avoidance value driven attentional capture 

Authors: *M. DIBARTOLO1, B. A. ANDERSON1, S. M. COURTNEY1,2,3;  
1Psychological & Brain Sci., 2Dept. of Neurosci., Johns Hopkins Univ., Baltimore, MD; 3F.M. 
Kirby Res. Ctr. for Functional Brain Imaging, Kennedy Krieger Inst., Baltimore, MD 

Abstract: Cues previously associated with reward persistently capture attention, even when 
rendered task-irrelevant and perceptually non-salient. This phenomenon, referred to as value-
driven attentional capture (VDAC), has been studied in the context of reward, but the role of 
active loss avoidance in shaping attentional biases remains unexplored. 
To explore the ability of negative reinforcement to support VDAC, human participants 
completed two behavioral tasks over the course of a single session. In an initial training phase, 
participants learned to associate one color with low value (3¢) and another color with high value 
(15¢) during visual search for a color-defined target. Correct responses were associated with the 
avoidance of a corresponding loss from a compensation bank. The shape of the target and non-
target stimuli were only circles for 32 participants (10 male, age 21.63 + 3.9) and only diamonds 
for 19 participants (10 male, mean age 20.44 + 2.2). Following the first task, all participants 
completed a second visual search task during which they identified a unique shape target among 
colored distractors. Half of these trials included a previously value-associated color distractor, 
which either was or was not the shape of the trained stimuli (equally-often). Trials that included 
distractors in the same color and shape as the value-associated stimuli during training were 
considered template matches. Reaction times were compared across value conditions, separately 



for distractor shape template match and non-match conditions. 
Response times (RTs) differed significantly among the three test phase value conditions: 
distractor absent (644 + 74 ms), low value distractor (649 + 80 ms) and high value distractor 
(655 + 76 ms) [F(2,100) = 4.7, p < .05]. High-value distractors slowed RT relative to distractor 
absent trials [t(50) = 3.212, p < 0.01]. When comparing across trial types, a repeated-measures 
ANOVA revealed an interaction between training shape and the template match of the distractors 
[F(1,49) = 112.683, p < .001]. The high-value distractors slowed RT relative to distractor absent 
trials specifically in template matching [t(49) = 4.228, p < .001], but not non-matching [t(49) = 
.643, p = .523] conditions. 
The results indicate that, as with monetary gains, stimuli associated with loss avoidance are able 
to capture attention. However, unlike with monetary gains, loss avoidance VDAC is only 
significant when the distractor in the test phase is an exact match to both the color and shape of 
the stimulus for which the value association was learned during the training phase. 
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Abstract: Attention helps selectively sensitize the brain towards important visual information. 
However, repetitive exposure to either below threshold or unattended stimuli can still sensitize 
the visual system to those features (Watanabe 2001). In our study, we investigate whether 
transcranial random noise stimulation (tRNS) facilitates this sensitization during an unattended 
feature paradigm, and whether the presence of a competing task interferes with this process. 
Fifty-two participants were equally divided into a “Training” or “No Training” group. Both 
groups completed an orientation discrimination task on Day 1 and Day 5. The task comprised of 
a pair of temporally offset flickering discs (black and white), with one cycle briefly presented as 



a pair of oriented Gabors. Subjects were asked to judge if the orientation of the Gabors were the 
same. On Days 2-4, subjects in the “Training” group were presented with the same stimuli, but 
instead asked to attend to the temporal order of the oriented Gabor discs. The “No Training” 
group had no task. 
These groups were further divided into one of four tRNS groups: bilateral Parietal, bilateral 
hMT+, bilateral Sham, and No Stim condition. Subjects undergoing active (Parietal and hMT+) 
or Sham stimulation were stimulated during the temporal order task on Days 2-4 for 25 minutes 
each day. 
Parietal stimulation in the “No Training” group significantly increased behavioral accuracy for 
the orientation discrimination task on Day 5 versus Day 1. All other tRNS conditions showed no 
net improvement over the week. Conversely, parietal stimulation in the “Training” group 
caused decreased accuracy on the orientation task on Day 5 versus Day 1. This trend was not 
seen in any other “Training” stimulation groups. 
These results are the first to show that tRNS over parietal cortex can selectively induce task-
specific excitation for the attended task (the temporal order task) while suppressing performance 
on a task irrelevant perceptual task (the orientation task). tRNS can act as an exogenous boost to 
attentional arousal, allowing subjects to better focus on a continuous selective attention task 
(Mauri et al, 2015). For subjects in the “No-training” condition, this boosted state may linger into 
Day 5, producing a heightened state of cognitive arousal allowing subjects to better ignore 
competing temporal order information. However, for the “Training” group, specific parietal 
cortical networks involved in temporal order processing were boosted via tRNS, and that effect 
interfered with behavioral performance on the orientation task. 
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Abstract: In a society currently affected by a wide range of mental disorders that impose 
exponentially growing heavy penalties at both the individual and societal levels, there is a 



concerning absence of usable and reliable systems to assess cognitive and neural function in 
large scale. Unlike other biosensors (i.e. cardiac, glucose, etc.), available solutions in the neural 
space are cumbersome, unreliable or both, and as such there is an urgent need for novel tools 
designed to capture, integrate and evaluate brain signals of interest in real-world monitoring 
settings. Here, we used Neuroverse’s mobile forehead electroencephalographic (EEG) sensing 
system, with a software application for testing and analysis in mobile platforms (e.g. 
smartphones and tablets) to test the detection of well-known event-related brain potentials (ERP) 
correlated with attention (P300 and N2) in 25 healthy individuals during two visual oddball 
paradigm tasks: a) a more traditional serial visual presentation of natural images (where subjects 
were asked to keep a mental count of “target” images) and b) a novel action video game (where 
subjects were required to discriminate and selectively respond to “red” ants while simultaneously 
filtering and withholding a response to the more frequently presented “black” ants). Our results 
show statistically significant differences for brain responses to “target” versus “distractor” 
objects in both tasks, demonstrating the efficacy of this mobile system for efficient large scale 
use in the assessment of attentional neural responses. Moreover, additional advantages of the use 
of the video game versus more traditional testing paradigms, both in terms of additional 
measures and engagement levels, will be discussed. This study presents evidence of the 
outstanding efficacy of a novel user-friendly mobile system that can open new avenues for much 
needed large-scale applications ranging from clinical (i.e. neuropsychiatric deficit detection and 
evaluation, clinical outcome predictability and drug efficacy evaluation) to health prevention or 
education. 
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Abstract: Microsaccades are small eye movements while fixating. The distribution of their 
directions is biased towards an eccentric location indicated by an endogenous spatial cue ~300ms 
after the cue’s presentation. Therefore, microsaccades could serve as an index for covert spatial 
attention. However, this use of post-cue microsaccades suffers from two major factors. First, 
visual spatial attention is usually entangled with saccade planning. A systematic investigation is 
needed, as to which extent saccade planning can influence microsaccade directions, confounding 
the attention-specific effect. Second, most studies of the post-cue microsaccade direction effect 
focused on a time window around 300ms after the onset of the endogenous cue (such as an arrow 
pointing at the required gaze location); and the bias reverses direction if the cue is exogenous 
(i.e. appears at the required location). These effects seem to indicate that the microsaccade 
direction bias is contingent on the cue, not necessarily reflecting a sustained attentional state. 
To resolve the first problem, we investigated microsaccades of human subjects while they 
performed a spatial attention guided match-to-sample task. The subjects had to covertly attend to 
a location while preparing a saccade either toward or away from the attended location. To 
resolve the second problem, we provided a verbal spatial cue before each experiment session, 
instead of before each trial, so as to exclude any cue contingent effects on micro saccades. 
Our data show a sustained bias of the directions of microsaccades toward the attended location, 
and not the saccade target. Despite the absence of cues during the trials, sustained attention alone 
still reliably produces the microsaccade direction effect. Overall, our findings demonstrate that 
sustained spatial attention, rather than saccade planning or the spatial cue per se, determines the 
direction bias in microsaccades. Our results also question the notion that spatial attention is 
functionally equivalent to a movement planning process. 
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Abstract: People are faster to name the color in which a word is printed (e.g., blue) when the 
word itself is a congruent color word (“BLUE”) than when it is an incongruent color word 
(“RED”). This well-known Stroop effect has been ascribed to the automaticity of word reading. 
That is, the Stroop words are read in an obligatory fashion (despite the fact that they are task-
irrelevant), and the meanings of those words are extracted without necessarily attending to the 
words. However, some results suggest that the magnitude of Stroop interference depends on 
attention. For example, Kahneman and Chajczyk (1983) found that the Stroop effect is reduced 
by the concurrent presentation of a response-irrelevant stimulus, such as a string of identical 
letters (e.g., “XXX”). This reduction of Stroop interference was hypothesized to occur because 
the second stimulus interferes with attentional processing of the color word, implying further that 
the Stroop effect itself depends on the ability of the color word to capture attention. In the 
present study, we recorded event-related potentials (ERPs) to determine whether (i) task-
irrelevant color words capture attention in the non-integrated variant of the Stroop task, and (ii) 
the magnitude of Stroop interference depends on the strength of attention capture. On each trial, 
a colored rectangle (red, green, or blue) was presented at fixation and was flanked by a color 
word (“RED”, “GREEN”, or “BLUE”) on one side and a length-matched string of Xs on the 
other side of fixation. Participants were required to identify the color of the rectangle and to 
press a corresponding button as quickly and as accurately as possible. Consistent with previous 
findings, response times were slightly but significantly longer on incongruent trials than on 
congruent trials (18 ms difference). To determine whether the color word captured attention, we 
isolated lateralized ERP components associated with early attentional selection (N2pc) and later 
stimulus identification (SPCN). Color words were found to elicit both the N2pc and subsequent 
SPCN, demonstrating that the words were attended despite the fact that they were irrelevant. 
However, the amplitudes of these ERP components did not correlate with the magnitude of 
Stroop interference. These findings indicate that while the color words captured attention 
reflexively, such attention capture may not underlie the interference found in the Stroop task. 
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Abstract: Previous evidence of object-based selection along the visual cortical hierarchy (V1 to 
V4) indicates that attention can gate visual (object) representations early in the processing 
stream. It is unclear, however, whether or not the strength of object percepts modulates the level 
along the visual cortical hierarchy at which object-based selection is evident. Here, we aimed to 
ascertain whether attention selects information ‘early’ or ‘late’ in the visual processing stream 
when object information is degraded. While acquiring fMRI data, we asked participants to 
identify a target preceded by a central arrow cue (60% valid) in the double-rectangle paradigm 
(Egly et al., 1994). Cues to objectness were strong (standard visible rectangles), reduced 
(occluded rectangles), or weak (illusory rectangles). Our behavioural results indicated that 
participants identified the target faster when it appeared on the spatially cued versus the non-
cued object. This same-object advantage emerged irrespective of object strength, suggesting that 
both strong and weak object percepts can be prioritised for attentional selection. We 
independently localized retinotopically-specific regions of cortex corresponding to target 
locations to examine neural activation in both early and mid-level regions of the visual cortex 
hierarchy (V1-V3, and LOC). Consistent with our behavioral results, target-evoked BOLD 
activation in V1/V2 increased at locations on the cued object, but not the non-cued object; 
indicative of a neural same-object advantage in these regions. This effect did not differ as a 
function of object cue strength, and it was absent in both V3 and LOC. We, therefore, conclude 
that attention modulates weak object percepts at the earliest levels of the visual cortex hierarchy. 
This finding has implications for theories of attentional selection, supporting early selection 
accounts, which posit that attention serves to help bind low-level visual information into 
completed object percepts. 
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Abstract: I present initial evidence from two experiments for a method (NIMT) that aims to 
elucidate clinically-relevant causal relationships between neurophysiological and cognitive 
processes. Here, expert meditators use a neurofeedback display to employ a systematic procedure 
for discovering, formulating and refining meditation strategies (NIMTs) that modulate the 
chosen neurofeedback signal. NIMTs are then introduced to hypothesis-blind groups to assess 
the influence of the NIMT on the targeted neurophysiological signal and relevant behavioral 
measures. In our first experiment, we developed a NIMT for downregulating posterior cingulate 
cortex (PCC) activity by drawing on expert meditators’ verbal descriptions of the experiential 
correlates of PCC activity reported previously (Garrison et al. Frontiers in Human Neurosci . 
2013). We used fMRI to compare PCC activity and functional connectivity in participants with 
some meditation experience (n=10) during six minute blocks during which participants used 
either the PCC-NIMT or a control meditation (focused attention on the breath) and rest-blocks 
with the instructions to ‘close your eyes, do not meditate and do nothing in particular’. BOLD 
activity in the PCC was significantly decreased during the PCC-NIMT in comparison to rest and 
the control meditation. In our second experiment, expert meditators (n=4) used EEG-based 
neurofeedback to develop NIMTs for upregulating somatosensory alpha-band (S1-alpha) power. 
We report the correlates of S1-alpha power in these meditators’ self-reports and the cognitive 
processes they identified to most effectively modulate S1-alpha band activity. Initial EEG data 
(n=6) suggests that hypothesis blind participants using this S1-alpha NIMT demonstrate 
increased alpha-band power. In the next phase of this experiment, we will compare the influence 
of these techniques on EEG-recorded S1-alpha power and coherence, as well as on behavior that 
has been previously associated with S1-alpha activity—i.e. threshold levels for detection of 
tactile stimuli (Kerr 2011). These preliminary results suggest that the NIMT methodology may 



offer neurofeedback-independent modulation of targeted neurophysiological signals with 
important implications for clinical treatment. 
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Title: Broadband gamma activity in the formation of a conscious visual experience in humans 
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Abstract: We used human electrocorticography to directly observe the temporal progression of 
neural activity during conscious visual events. We developed a threshold perception task 
paradigm using a face image held at 50% perceptual levels. We recruited 9 patients from the 
Yale Epilepsy Surgery Program undergoing observation for intractable epilepsy to perform our 
task by reporting perception of the image verified by reporting its location. Each patient was 
implanted with 100-300 subdural and depth electrodes sampled at 1024 Hz. We calculated the z-
score of 40-115 Hz gamma power changes in each electrode as a measurement of local neuronal 
population spiking. Gamma power increases were observed in the primary visual cortex for all 
trials immediately following stimulus presentation. When perceived, however, by 300 ms post-
stimulus the primary visual cortex showed gamma decreases along with strong visual association 
area increases. Those increases were in turn followed by sustained increases in fronto-parietal 
association areas as well as deactivations in some traditionally identified default mode network 
areas such as the precuneus, ventral medial frontal, lateral parietal, and lateral temporal cortices. 



By 900 ms post-stimulus, the primary visual and orbitofrontal cortices showed reactivation. 
When viewed grossly, the “wave” of activity responsible for conscious visual processing moves 
forward from the visual cortex along the dorsal and ventral streams. Early primary visual cortex 
activation followed by deactivation and culminating in reactivation is a novel observation. In 
contrast during not perceived trials, visual cortex increases were sustained with some more low-
amplitude increases radiating into the dorsal and ventral visual stream. K-means clustering of 
time-series produced functional brain networks: 1) primary visual and higher-order association 
cortex, 2) early and 3) later intermediate association cortex and memory areas and 4) default 
mode network in perceived trials but not in not perceived trials. All clusters have high within-
network integrity demonstrated by high silhouette values. The same clusters applied to not-
perceived time-series show negative silhouette value means except for the visual cortex. We 
observed the formation of a conscious visual experience in the human brain from intracranial 
electrophysiology. In consciously perceived trials, an ordered pattern of activation and 
deactivation in functional networks emerged whereas strong activity was only observed in the 
primary visual cortex for not perceived trials, suggesting that concerted network activity, 
however transient, is a mechanism of conscious perception. 
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Abstract: In an exogenous orienting task, attention is increased to the target stimulus if the cue 
validly predicts the target’s location and the cue and target occur in quick succession. With a 
longer interval between the cue and target, the opposite effect occurs: attention is inhibited for 
validly cued targets. These attentional phenomena are known as facilitation, and inhibition of 
return (IOR), respectively. Both effects have been extensively explored in vision but less so in 
the auditory domain. The visual N2pc, an attention-related event-related potential (ERP) 



component has been used to examine the neural correlates of IOR (McDonald et al., 2009; Yang 
et al., 2012), but recently, an auditory analog of the N2pc was discovered, known as the N2ac 
(Gamble & Luck, 2011). To our knowledge, no previous study has explored the neural basis of 
exogenous attentional facilitation and IOR in the auditory modality. The present study sought to 
fill this gap using the N2ac as a neural marker of auditory spatial attention. Brain activity was 
recorded from nineteen participants while they performed a Posner exogenous auditory orienting 
task. We compared the ERPs elicited by the target stimulus for short (200 ms) cue-to-target 
intervals (facilitation), and long (700 ms) cue-to-target intervals (IOR). We observed behavioral 
and electrophysiological evidence of attentional facilitation, and a behavioral trend of IOR, but 
no apparent electrophysiological evidence of IOR. This study demonstrates that the N2ac is 
enhanced by exogenous attention during the facilitation phase of the cue-to-target interval, but 
remains unaffected during the later IOR phase. These findings suggest some similarities as well 
as some differences between this newly discovered ERP component (N2ac) and its visual analog, 
the N2pc. 
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Abstract: It is widely acknowledged that brain activities are intrinsically dynamic. Interestingly, 
recent studies also reveal rich temporal fluctuations in behavioral performances. For example, a 
visual priming study (Huang et al., 2015) sampled priming behavioral performances (i.e., 
reaction times, RT) at varied SOA with an unusually high sampling rate (50 Hz) and found that 
the resulting RT function could be decomposed into two components: a slow declining trend that 
is matched with classical priming pattern and a new theta-band (~4 Hz) periodical pattern. 



Here we investigated whether the newly observed theta-band rhythm in priming behavior is 
hard-wired, or could be influenced by the rewarding structure of the environment. In particular, 
we manipulated temporal uncertainty of the target appearance after prime onset. In previous 
experimental studies, SOA and temporal uncertainty usually co-varied with each other. For 
example, at a later SOA, it is more certain that the target would come at the next moment, and 
vice versa. In contrast, we designed an experiment in which SOA and temporal uncertainty could 
be disentangled. Thus we could compare human subjects’ RTs across conditions where SOAs 
were the same but temporal uncertainties were different, or the reverse. 
We found that the manipulation of temporal uncertainty exerted prominent effects on the slow-
trend component but more subtle effects on the oscillation component. Some of the effects are 
counterintuitive and most effects cannot be predicted by any existing theories of priming. We 
developed a decision-theoretic model to account for the effects of uncertainty on RT. The model 
also provides a new perspective for widely reported but unexplained phenomena in other fields 
such as attention. 
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Abstract: The neural mechanisms of consciousness are the focus of many philosophic and 
empiric studies. Conscious perception requires attending to transient stimuli and encoding them 
in short-term memory for potential subsequent report. Recent data indicates that conscious 
perception might be associated with cortical and subcortical attention networks and memory 
encoding systems. A challenge for studying consciousness is the necessity of overt responses in 
behavioral paradigms. To address this limitation, we explored the use of pupillometry to covertly 
measure conscious visual perception. Pupillary responses have been correlated with several 



cognitive processes in humans and more recently have been associated with auditory signal 
detection in rodents. We measured pupil diameter continuously using a pupillometry system 
during a visual threshold perception task in which face stimuli were calibrated to each 
participant’s 50% perception threshold, confirmed by response accuracy. Changes in pupil 
dilation were measured and compared between perceived and not-perceived trials. On average, 
perceived trials were associated with an increase in pupil diameter approximately 1-2 seconds 
post-stimulus and this response was not seen in the average data for the not-perceived trials. 
Machine learning methods suggest that pupillary responses in individual trials can be predicted 
with an accuracy of 76.30% ± 13.46 for perceived and 78.25% ± 13.05 for not-perceived trials. 
This study may offer a new paradigm to gauge awareness without overt report. In addition, the 
results may enhance scientific knowledge on conscious information processing and inform the 
diagnosis of neurological disorders. 
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Abstract: Although attention is limited, there is at least one circumstance under which 
attentional capacity appears to increase in response to increased task demands. In the attentional 
boost effect, encountering an auditory tone (e.g., a low tone) that requires a behavioral response 
(e.g., a button press) is associated with better memory for concurrently presented visual images 
than is encountering a tone that requires no response (e.g., a high-tone distractor). In this study 
we asked whether increasing attention to a target tone facilitates perceptual processing of 
concurrent visual information by improving the signal-to-noise ratio (SNR) within visual cortex. 
We measured BOLD activity while participants monitored individually presented auditory tones 
for pre-specified targets (auditory tone detection task) and simultaneously memorized briefly 
presented, masked visual images (500 ms duration). Participants pressed a button as soon as they 



heard a target tone and did nothing when they heard a distractor tone (target tone pitch was 
counterbalanced across runs) or when they heard no tone. Univariate analyses showed that 
auditory target detection increased BOLD activity in visual cortex relative to distractor tones and 
no-tones. Of primary interest, however, was whether it also improved the SNR in visual cortical 
areas. In an MVPA analysis, we therefore asked whether auditory target detection improved the 
ability to classify which type of image was presented on a given trial based on patterns of 
activation within primary visual cortex, the fusiform face area (FFA), and the parahippocampal 
place area (PPA). If auditory target detection improves the SNR in visual cortex, classification 
should be better for images presented with auditory targets than images presented on their own 
or with a distractor in the auditory tone detection task. Consistent with our predictions, the types 
of images that were presented on a given trial were more accurately classified if the image was 
presented with an auditory target tone, rather than an auditory distractor tone or on its own. This 
was true for the FFA and PPA as well as for early visual cortex. In contrast to the interference 
effects that are typically observed during divided attention tasks, our data demonstrate that 
increasing attention to a behaviorally relevant stimulus in the auditory modality can improve 
information processing in visual areas of the brain. H.T. & R.M. contributed equally to this 
project. 
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Abstract: A salient, peripheral sound can influence visual processing of a subsequent target at 
the same location. Recently, we discovered that a sound elicits activity over occipital scalp sites 
even in the absence of visual stimulation, suggesting that a sound activates visual cortex 
automatically. In particular, we found that a peripheral sound triggers a slow positive deflection 
over contralateral occipital cortex (the ACOP) that is accompanied by a decrease of the occipital 
alpha rhythm (8-14Hz) - a brain oscillation that has been linked to visual-spatial attention. Here 
we explore to what extend these sound-induced changes in occipital alpha activity depend on the 
voluntary deployment of attention. A salient noise burst was presented on the left or right side 
and was followed by a masked visual target 1200 ms later. In different conditions, the target 
always appeared at the same location as the sound (predictive cue) or at a mirror-symmetric 
location on the opposite side of fixation (counter-predictive cue). Participants were asked to 
attend to the anticipated target location and to discriminate the identity of the target as quickly as 
possible. Consistent with the hypothesis that sounds reflexively enhance activity in contralateral 
visual cortex, alpha-band activity measured over the contralateral occipital scalp dropped ~200 to 
500 ms after cue onset in both conditions. While this initial alpha reduction was greater 
contralateral than ipsilateral for both predictive and counter-predictive sounds, these conditions 
showed an opposite pattern of contralateral and ipsilateral activity in the later time interval, 
consistent with the voluntary allocation of attention to the anticipated target location. Overall, 
these data show that a salient, lateralized sound triggers an initial decrease of the contralateral 
occipital alpha rhythm regardless of its predictive value, supporting the hypothesis that a salient 
sound captures attention involuntarily and enhances visual activity in a spatially specific manner. 
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Abstract: Both attention (stimulus relevance) and expectation (stimulus probability) have been 
shown to alter information processing in primary visual cortex, suggesting that top-down 



influences can modulate the very first stage of cortical information processing. However, prior 
work either confounded attention and expectation, rendering their specific effects unclear, or 
used fMRI, which has low temporal resolution, leaving it unclear if these effects reflect a 
modulation of the first feedforward sweep of visual information processing or later, feedback-
related activity. The current study orthogonally manipulated stimulus relevance and likelihood 
while exploiting the high temporal resolution of EEG to investigate if attention and/or 
expectation can modulate initial afferent activity in V1, as indexed by the early C1 component. 
Because the C1 is highly variable across individuals, for each participant we first determined two 
spatial locations at which the C1 could be reliably measured. Next, subjects performed an 
attentional cuing task in which they were cued on a trial-by-trial basis to direct their attention 
towards one of these locations and press a button whenever a target stimulus was presented at 
that location. The probability of a stimulus appearing at a given location was manipulated block-
by-block, such that in different blocks the likelihood that a stimulus would appear was high 
(75%), neutral (50%) or low (25%). ERP analyses revealed that only stimulus probability, not 
stimulus relevance, had an effect on the amplitude of the C1. Specifically, the C1was largest for 
predicted stimuli and smallest for unpredicted stimuli. These results may indicate an effect of 
expectation, not attention, on the first feed-forward sweep of information processing. 

Disclosures:  H.A. Slagter: None. J. Alilovic: None. B. Timmermans: None. L.C. Reteig: 
None. 

Poster 

646. Human Cognition: Attention II 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 646.19/LLL70 

Topic: H.02. Human Cognition and Behavior 

Support: Mind and Life Francisco J Varela Award 

Title: An open-source system for EEG-neurofeedback and transcranial current stimulation 
control: Applications for clinical treatments 

Authors: *B. CULLEN1, J. SANTOYO2, C. KERR3, C. MCFARLANE-BLAKE4;  
2Neurosci., 3Family Med., 1Brown Univ., Providence, RI; 4Boston, MA, Boston, MA 

Abstract: We present an open-source EEG hardware and software system for neurofeedback and 
transcranial current stimulation (tCS) control and discuss its applications for clinical research. 
Neurofeedback and tCS are non-invasive neuromodulation techniques with demonstrable utility 
in therapeutic contexts. These techniques allow for the volitional modulation of specifically 



targeted neurophysiological signals. Our open-source system offers a cost-efficient approach to 
EEG and neurofeedback research and allows for customizability to specific research programs. 
Additionally, this system provides an interface for closed-loop tCS paradigms, wherein specific 
changes in selected neurophysiological signals can be set to trigger tCS stimulation. This allows 
for rigorous experimental control and versatility in real-time EEG-based neurofeedback 
paradigms.This combined neurofeedback and tCS package offers a possibility of supplementing 
existing neuromodulation techniques and has utility in neuroscience research that seeks to use 
objective tools of measurement to explore the neurophysiological correlates of first-person 
experience, e.g. pain sensations. We demonstrate examples for these applications with data that 
represents successful modulation of somatosensory alpha-band power and by elucidating 
correlations between changes in EEG recorded alpha-band activity and expert meditators’ self-
report while viewing a neurofeedback display of somatosensory alpha-band activity. 
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Abstract: Selective attention is the prioritization of information by relevance, which is often 
defined by task goals (e.g., searching for food), or by the intrinsic salience of stimuli (e.g., a 
bright flash). Importantly, attention can also be driven by reinforcement learning, in which 
stimuli with a history of reward can capture attention in contexts in which they are not task-
relevant, intrinsically salient, or rewarded. Here we show that human subjects' response times 
and discrimination performance are affected by reward-driven attentional capture, and probe the 
neural dynamics of these effects. 
First, subjects completed a learning task in which they aimed to maximize their monetary 
rewards by choosing between visual tokens, each associated with a certain reward outcome. 



They then completed a visual discrimination task, in which they had to report the orientation of a 
lateralized target grating, while ignoring a distracter grating. Importantly, subjects also 
encountered the previously rewarded - but now irrelevant - tokens appearing around the gratings. 
A low or high value token could appear around the target (congruent trials) or around the 
distracter grating (incongruent trials). To investigate the timecourse of reward-driven attention, 
the tokens appeared at 1000, 500, or 0 ms delays relative to the gratings. 
Subjects' response times were slower in incongruent and faster in congruent trials, relative to a 
neutral condition in which only zero-value tokens were encountered. Moreover, subjects were 
also worse at discriminating the target in incongruent trials. Critically, these effects were 
modulated by reinforcement learning, occurring only for the high value tokens, and appeared in 
all delay conditions. 
In parallel, we used magnetoencephalograpy (MEG) to record brain activity as participants 
completed both tasks. Focusing on the discrimination task, preliminary results show that alpha-
band (8-12 Hz) lateralization, an index of spatial attention, is modulated by the presence of task-
irrelevant but previously high-value tokens. Moreover, reward history information is decodable 
from the brain as early as ~250 ms after stimulus onset, and dissipates ~500 ms later. These 
results indicate that reward-driven attentional capture can be indexed by multiple neural 
measures of attentional allocation, and further our understanding of the interaction between 
reinforcement learning and selective attention. 
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Abstract: Mind wandering (MW), defined as off-task thinking that is self-generated and 
unrelated to the task at hand, has seen a recent escalation as a topic of interest in the cognitive 



neuroscience literature. Recent neuroimaging studies investigate the neural underpinnings of 
MW, which has typically been assessed through subjective reports collected in response to probe 
questions embedded in a cognitive task. Yet, very little is known about the factors that may 
modulate the neural correlates underlying self-reports of MW. Here, we investigated the neural 
correlates of self-reported task engagement vs. MW during an attention task by considering 
participants’ confidence in these self-reports. We collected functional Magnetic Resonance 
Imaging (fMRI) data from 38 participants while they completed the sustained attention to 
response task (SART) with embedded experience sampling probe-questions. The first question 
assessed participants’ experience of task engagement vs. mind wandering using a dichotomous 
judgment of ‘on task’ vs. ‘off task’. The second question assessed participants’ level of 
confidence in their self-reports of ‘on task’ and ‘off task’ using a 4-point Likert scale. In the 
fMRI analysis, the 6s periods preceding the participants’ response to the first probe question 
were modeled as a function of ‘on task’ vs. ‘off task’ reports, while confidence ratings were 
considered as a parametric modulator on a trial-by-trail bases. The fMRI results revealed that 
level of confidence in ‘on-task’ vs. ‘off-task’ reports differentially modulated dorsal vs. ventral 
lateral regions of the prefrontal cortex (PFC), respectively. Particularly, higher confidence in 
being ‘on task’ was associated with greater dorsolateral PFC, while higher confidence in being 
‘off task’ was associated with ventrolateral PFC. These findings pinpoint the importance of 
considering the level of confidence as a form of meta-cognitive assessment in the investigation 
of the neural mechanisms underlying self-reports of task engagement and MW. The present 
study sheds light on the engagement of brain regions associated with executive control as a 
function of confidence in subjective reports. 
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Abstract: Introduction: Meditation has shown beneficial effects for multiple psychiatric 
disorders. However, learning to meditate is not straightforward as there are no easily discernible 
outward signs of performance and thus no direct feedback is possible. Real-time neurofeedback 
based on signals that are associated with effective meditation practice may provide a solution to 
this issue. We showed in a previous study that EEG source-estimated neurofeedback corresponds 
with the subjective experience of effortless awareness (which is a major component of 
meditation). In the present study, we aim to identify additional potential neurofeedback targets 
by comparing EEG activity between novice and experienced meditators during effortless 
awareness practice. These can then be tested in further neurophenomenology experiments for 
their temporal association with the subjective experience of effortless awareness and potential 
efficacy in increasing specificity of the EEG source-estimated neurofeedback signal. 
Methods: Sixteen experienced meditators and sixteen age and gender matched novice meditators 
participated in the study. Experienced meditators performed a self-selected meditation practice 
that supported effortless awareness and novice meditators were briefly trained to perform a basic 
meditation practice. Eyes-open EEG recordings were obtained while participants meditated. 
Power in the theta (4-8 Hz), alpha (8-13 Hz) and beta (13-20 Hz) frequency bands was calculated 
for 19 EEG sensors covering the whole head. Mean functional connectivity per electrode was 
assessed using the phase-lag index (PLI). Differences between groups were assessed using 
repeated-measures analysis of variance (ANOVA). 
Results: For alpha power, a significant interaction (p=0.10) was observed as well as a significant 
between group difference (p=0.027). Post-hoc testing showed increased power in the F3, P4, O2 
and Pz electrodes in the experienced group compared to the novice group. Visual inspection 
revealed that median alpha power was higher in the experienced group for all 19 electrodes 
(range 29 – 204%, median 80%). For functional connectivity in the alpha band, a significant 
group difference (p=0.009) was observed. Post-hoc testing showed increased functional 
connectivity in the experienced meditator group compared to the novice group in 15 electrodes. 
Visual inspection revealed that median functional connectivity was higher in the experienced 
group for all 19 electrodes (range 9-24%, median 17%). 
Discussion: Global alpha power and functional connectivity might be explored further as 
potential neurofeedback targets to augment effortless awareness. 
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Abstract: Following the presentation of a target (T1) embedded in a rapid serial visual 
presentation, the ability to detect or identify a subsequent target (T2) is impaired for ~ 500 ms, 
an effect referred to as the attentional blink (AB; [Raymond, Shapiro, & Arnell, 1992]). Some 
evidence suggests that the locus of this effect is post-perceptual [Vogel, Luck, & Shapiro, 1998], 
such as a temporary loss of control over attention [Di Lollo, Kawahara, Ghorashi, & Enns, 
2005]. In the current experiment we used an inverted encoding model to estimate location-
selective channel tuning functions (CTFs) from scalp recorded EEG in the alpha-band for 
location information [Garcia, Srinivasan, & Serences, 2013] as a model for selective attention. If 
the AB affects early selectivity then the profile of the CTF should change during the AB period 
relative to the pre-T1 period. Participants (n = 4) observed a flickering Gabor presented in the 
periphery for 3 seconds. The Gabor briefly (100 ms) rotated either clockwise or anti-clockwise 
(T1), followed by a Gabor of a different orientation (T2) either 200 (lag 2) or 900 ms (lag 9) 
later. Participants reported the direction of the T1 rotation (CW/ACW), and then reported the 
orientation of T2 on a continuous scale. We modeled the degree of error in the T2 response 
[Bays & Husain, 2008; Zhang & Luck, 2009] and found that the precision of T2 report was 
reduced at lag 2 (k = 24°) as compared to lag 9 (k = 20°; p = .17), indicating the presence of an 
AB effect. We calculated average slope and amplitude of the location-selective CTF for three 
time points: pre-T1 (-800-0 ms), immediately post-T1 (0-200 ms), when lag-1 sparing is 
observed [Di Lollo et al., 2005], and during the AB (200-400 ms). We did not observe a 
decrement in either the slope (pre-T1 = .02 µV2/10°, SE = .002; lag 1 = .02, SE = .009; AB = .03, 
SE = .009) or the amplitude (pre-T1 = .14 µV2, SE = .02; lag 1 = .19, SE = .04; AB = .17, SE = 
.06) of the location-selective CTF profile during the AB. Furthermore, amplitude of the CTF was 
greater during the lag-1 period, relative to the pre-T1 period (p = .10). This increase fits with the 
theoretical account of an initial “boost” of attention following T1, also thought to cause lag-1 



sparing [Olivers & Meeter, 2008]. Our results indicate that the selective representation of 
location information was not disrupted during the AB period. 
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Abstract: Motivation: Recent years have witnessed a substantial increase in the number of 
neuroscientific studies investigating mindwandering, i.e. selfgenerated, taskindependent 
thoughts. Latest findings suggest that mindwandering is a heterogenous class of mental states 
and many authors now argue in favor of the differentiation of mindwandering (MW) with and 
without awareness (Smallwood and AndrewsHanna 2013; Seli et al. 2015; Fox et al. 2015) . The 
former being described as an intentional, controlled or deliberate MW (dMW) and the latter as 
unintentional or spontaneous MW (sMW). Aim: The aim of the present study was to identify 
neurophysiological differences between sMW and dMW. Material and Methods: 26 subjects (12 
female; 23.4 ± 3.2 years) performed two tasks, a breathcounting (BC) task and a fixed version of 
the SART (Robertson et al. 1997) while electroencephalography (EEG) data was recorded. MW 
was assessed in both tasks with 5scale selfinitiated or randomly interrupting thought probes with 
the following options: Attention was (1) ontask (no mindwandering), (2) on thoughts pertaining 
to the task, (3) distracted by internal sensations or external distractions, (4) on reminiscing or 
planning thoughts (dMW), (5) daydreaming (sMW). Results : Behavioral results revealed 
significant differences in response time coefficients of variability (RTCV) for grouped trials 
leading up to reports of focused attention, dMW and sMW during the SART. Analysis of the 64-
channel EEG recorded data revealed that average α activity prior to thought probes differentiates 
between the ontask and sMW conditions as well as between dMW and sMW conditions. Time-
frequency analysis revealed increased activity in the α band and decreased activity in the lower-

;;, ;; and lower- ;; bands between dMW and sMW for both tasks. Eventrelated potentials 
(ERPs) for the SART trials preceding MW reports exhibited significant differences across all 
conditions. P3a components gradually decreased in amplitude for SART trials leading up to 



dMW and sMW reports when compared to ontask reports with the most pronounced decrease for 
the sMW condition. These results demonstrate that both dMW and SMW have distinct 
behavioral and neurocortical signatures. 
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Abstract: The cocktail party effect describes the ability to focus on one of several simultaneous 
auditory streams. Recent studies have established that cortical activity in specific frequency 
bands and cortical locations selectively tracks the attended auditory stream (Mesgarani and 
Chang, 2012; Golumbic et al., 2013), but the mechanisms that support this function have been 
unclear. 
It is well established that the prefrontal cortex (PFC) plays a crucial role in the top-down 
modulation of attention, in particular during complex cognitive tasks (Zanto et al., 2012; Voytek 
et al, 2015). In addition, previous studies have shown that variations in oscillatory activity in the 
alpha band (8-12 Hz) may implement top-down modulation of cortical activity by increasing 
excitability in task-related areas and inhibiting it in task-unrelated ones (Klimesch et al., 2007; de 



Pesters et al., 2016). Based on this evidence, we hypothesized that the PFC may be involved in 
selective auditory attention. Specifically, we hypothesized that the PFC receives task-relevant 
information from early auditory cortex and perisylvian areas, and may use this information to 
exert modulatory influences of cortical excitability in those same areas. 
To investigate the interplay between bottom-up sensory input and top-down modulation of 
auditory attention, we recorded electrocorticographic (ECoG) activity from subdural electrode 
grids in ten human subjects during a cocktail party task. The subjects were asked to focus on one 
of two simultaneously presented speakers. Our results demonstrated the existence of two distinct 
populations of cortical locations within perisylvian areas. The first subset of locations responded 
mostly to the attended speaker, while the second subset responded to both attended and 
unattended speakers, thereby confirming the findings from previous studies (Golumbic et al., 
2013; Dijkstra et al., 2015). More importantly, we found that locations from both subsets of 
auditory locations modulated PFC population-level cortical activity in the broadband gamma (> 
70 Hz) range. In turn, cortical excitability (as measured by the power in the 8-12 Hz band) in 
those same subsets was modulated by population-level cortical activity in the PFC. These 
interactions were specific to the attended speaker. 
In sum, our results suggest that the PFC receives information about the attended auditory stream 
from auditory cortical areas, and that the PFC in turn modulates cortical excitability in auditory 
cortical areas. We expect that these results help to clarify our understanding of the relationship 
between PFC and auditory areas during selective auditory attention in a cocktail party. 
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Abstract: Objective: To report Alpha amplitude/power baseline and investigate event-related 
spectral perturbations (ERSPs) in alpha-band activity in multiply concussed athletes relative to 
unconcussed athletes. 
Background: Event-related potentials (ERPs) have been useful to detect persistent subclinical 



alterations of cognitive processes in concussed athletes. Studies interested in ERP markers of 
attention revealed significant N1, P2 and P3 amplitude alterations in asymptomatic concussed 
athletes. Pertinently, concussion effects on these ERP markers of attention and working memory 
were found to be exacerbated with recurrent concussions. 
Design/method: A total of 45 university football players were assigned to three experimental 
groups based on prior concussion history: Athletes with a single-concussion history (n = 15); 
Athletes with two or more concussions (n = 15, M = 2.8, SD = 1.32); and a control group of non-
concussed athletes (n = 15). Time since last concussion was more than nine months and the 
average post-concussion time was two years. We studied the long-term and cumulative effects of 
concussion on alpha-frequency Event-related desynchronization (ERD) when performing a 
visuospatial attention task. 
Results: This study found that the baseline Alpha amplitude/power was significantly lower in the 
multi-concussion group compared to the control group, F(1,29) = 4.54, p = .04. After correction 
for baseline alpha activity, Alpha ERD was still significantly reduced among the multi-
concussion group (F(1,29) = 8.03; p = .009) and the latter was negatively associated with 
baseline Alpha (r(24) = -.786, p = .002). 
Conclusion: This finding suggests that recurrent concussions significantly alter Alpha rhythm 
ERD elicited by a visual-spatial attention task. Baseline Alpha activity was found to strongly 
predict subsequent Alpha ERD amplitude in athletes with recurrent concussions. Baseline alpha 
activity and Alpha ERD disruptions could underlie known attention-related ERP alterations in 
recurrent concussion athletes. 
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Abstract: Sustained attention is critical in everyday functioning and has been shown to be 
limited, with healthy individuals showing a decrease in sustained attention after as little as 5 
minutes. Previous work using closed-loop real-time fMRI neurofeedback to improve sustained 
attention demonstrated that providing feedback on attentional focus by altering the display 
saliency was effective in improving sustained attention on a real-time Attention Training version 
of the Sustained Attention to Response Task (rtAT-SART). This paradigm rewarded participants 
for sustained attention by making the task easier and alerted participants to lapses in attention 
(ideally before those lapses affected task performance) by making the task more difficult. We are 
conducting a preliminary investigation of a closed-loop eye-tracked Attention Training version 
of the SART (etAT-SART) that modifies the rtAT-SART to use gaze data obtained from an eye-
tracker instead of neural data obtained from rtfMRI as the basis for capturing attentional focus 
and adjusting feedback. Our preliminary study included 32 healthy undergraduate students, 12 of 
whom received real-time feedback based on whether or not they were attending to the target 
location during the etAT-SART and 20 of whom served as no-feedback controls. Preliminary 
results have shown that gaze accuracy (percentage of time on the instructed target image, as 
opposed to the distractor image) improves in response to feedback (mean improvement of 11.8% 
from the pre-training test), but does not change in no-feedback controls (mean improvement of 
0.9% from the pre-training test) (t(13.51) = 4.34, p < 0.001, Cohen’s d = 1.7). This suggests that 
visual search patterns are altered in the presence of gaze-based feedback. Additionally, task 
performance on the SART shows a trend for improvement from the pre-training test to the post-
training test in the feedback group (normalized A’ change score of 0.019), but not in the no-
feedback control group (normalized A’ change score of 0.001) (t(17.59) = 1.44, p = 0.169). This 
suggests that gaze-based feedback can improve sustained attention similarly to its neurofeedback 
predecessor. We plan to analyze the fixation and scan path data from the eye-tracking system in 
a post-hoc manner to determine the optimal method of classifying the attended image in the 
etAT-SART. We will then investigate the use of this classification method as the basis for 
providing feedback in our closed-loop system. Once the task has been optimized, we plan to 
examine whether it can be used with negative stimuli (e.g. sad faces) as distractors to decrease 
negative attention bias in individuals with elevated depressive symptoms. 
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Abstract: The human brain is organized into dynamic correlated and anti-correlated functional 
networks. Cognitively demanding tasks have consistently been shown to evoke activation of the 
brain’s task positive network (TPN) and induce deactivation in the default mode network 
(DMN).However, the neural mechanisms underlying this switching between activation and 
deactivation of brain networks are not completely understood. Here, we used task functional 
magnetic resonance imaging (fMRI) to investigate the switch-like mechanisms in the brain that 
turns these networks on and off. We acquired task-fMRI data of 22 normal children (ages 11-16) 
completing a block-design continuous performance task (CPT). The average percent signal 
changes across all the blocks and subjects were calculated to examine brain changes during the 
switching process. In addition, we performed time course analyses for regions of interest (ROIs) 
extracted from the TPN and the DMN to describe the switching changes occurring with onset 
and offset of task. We observed significant activation of a network comprising the precuneus, 
anterior insula, supplementary motor area, medial thalamus, and midbrain during both onset and 
offset of task. Although the general view is that the TPN and the DMN are anti-correlated and 
have sustained activation or deactivation during task, our results suggested that some regions 
within the TPN and the DMN show increased activity both as a response to the onset of task and 
as a response to the offset of task. Moreover, we demonstrated a potential role for subcortical 
structures in mediating the switch between passive fixation and active task performance. Our 
findings provide new insights into the network switching mechanisms between brain networks 
involved in externally oriented attention and internally oriented mental processes. 
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Abstract: Research suggests that mindfulness-practices may aid smoking cessation. Yet, the 
neural mechanisms underlying the effects of mindfulness-practices on smoking are unclear. 
Response inhibition and performance monitoring are main deficits in addiction, associated with 
relapse. Notably, both functions are candidate targets for mindfulness-based practices. Using 
electroencephalography (EEG), the current study therefore investigated the effects of a brief 
mindfulness-practice on both functions in smokers. Participants underwent a cigarette cue-
exposure, and were then randomly assigned to a group receiving mindfulness instructions or to a 
non-instruction control group. Then, they performed a smoking Go/Nogo and Flanker task, while 
their brain activity was recorded. No group differences in task performance were observed. 
However, EEG analyses revealed a decrease in Nogo-P3 amplitude in the mindfulness versus 
control group. As both groups performed equally well, the reduced P3 might indicate less-
effortful response inhibition after the mindfulness-practice, and suggest that enhanced response 
inhibition underlies observed positive effects of mindfulness on smoking behavior. 
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Abstract: Introduction: Adolescence is characterized by immature executive function and risk 
taking behavior. African American (AA) girls engage in higher sexual risk behavior (SRB) and 
are disproportionately affected by HIV and sexually transmitted infections (STIs), yet knowledge 
gaps persist regarding the role of neurocognitive determinants of AA girls' SRB. 
 
Method(s): This cross-sectional study, guided by the Biopsychosocial Model of Risk Taking, 
examined the: 1) neuro-psychosocial profile of girls with high SRB vs low SRB and 2) 
association between depression, sensation seeking/disinhibition, cognitive function and SRB in a 
sample of 65 AA girls ages 15-23 years. Each participant and/or parent provided written 
informed consent and/or assent. Girls completed CANTAB computerized cognitive function 
tests, including the Information Sampling Task (IST) and Cambridge Gambling Task (CGT) and 
demographic, psychosocial and SRB surveys. Scores >1 on a SRB index (0-6) indicated high 
SRB. Bivariate correlations, ANOVA and regression statistics were used. 
 
Results: Mean age was 17.8±1.9 years. Mean age at sexual debut was 15.5±2.6. Girls with high 
SRB (vs low SRB) were/had significantly: older (18.6 vs 16.9) and greater mean: depression 
(11.58 vs 7.26), disinhibition (4.29 vs 2.77) and lower mean: coping (165.14 vs 177.73) and 
accuracy on IST (poorer impulse control) (6.43 vs 7.38). Higher SRB scores were significantly 
(p<.05) associated with higher: age (r= .41), disinhibition (r=.34), depression (r=.33), boredom 
susceptibility (r=.27) scores and poorer/lower: coping (r=−.26), seeking spiritual support 
(r=−.29) and impulse control: IST sampling errors (r=.30), IST total correct (r=−.30), IST mean 
# boxes opened/trial (r=−.32). Some AA girls with high reported SRB (compared to low SRB) 
showed greater cognitive delay aversion during reward-related risk-taking (CGT). Girls with 
higher disinhibition were more likely to have higher SRB [Exp(B)=3.08, p=.09], while 
accounting for covariates (all non-significant). Greater disinhibition was also (Beta= .47, p=.001) 
associated with higher SRB index scores in a model accounting for 58.7% variance (R2=.587), 
beyond covariates (non-significant). 
 
Discussion & Conclusions: Higher SRB was associated with disinhibition and poorer impulse 
control and poorer decision making, in our sample of AA girls. Those interested in helping AA 
girls to minimize their SRB should provide tailored HIV/STI prevention efforts based on 
important links between psychosocial factors, including disinhibition, and impulse control. 
Findings can be used to facilitate future imaging, longitudinal and intervention studies. 
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Abstract: Bilinguals constantly use cognitive control to manage competition between languages 
that compete for selection (Green, 1998). Practice with this control might lead to domain-general 
enhancements in executive functioning (EF; Bialystok, Craik, & Luk, 2012). Support for this 
view has appeared on a range of EF tasks in both children (e.g. Barac, Bialystok, Castro, & 
Sanchez, 2014) and older adults (e.g. Bialystok, Craik, Klein, & Viswanathan, 2004) showing 
that bilinguals outperform their monolingual peers. Behavioral findings from young adults are 
more variable. In light of this, some have questioned whether second-language experience leads 
to domain-general cognitive changes (e.g. Paap & Greenberg, 2013). However, similar 
behavioral outcomes can emerge from quite different cognitive processes. This is especially true 
for young adults who often perform at ceiling on these tasks. The present study examined brain 
signal variability using multiscale entropy (MSE; Costa, Goldberger, & Peng, 2002) analysis. 
EEG was recorded while young adult monolinguals (N=20) and bilinguals (N=20) performed a 
task-switching paradigm. Brain signal complexity increases with development and is inversely 
related to reaction time (RT) variability (McIntosh, Kovacevic, & Itier, 2008). If lifelong 
bilingualism contributes to development of domain-general EF, then bilinguals should show 
greater brain signal variability while performing an EF task, even in the absence of mean RT 
differences. Results revealed that brain signal variability was greater for bilinguals than 
monolinguals in occipital, but not frontal electrode sites. Furthermore, signal variability 
predicted RT differently for bilinguals than monolinguals: Greater signal variability was 
associated with faster RTs in bilinguals but slower RTs in monolinguals. These findings suggest 
that bilinguals make use of brain complexity (i.e. signal variability) in a way that monolinguals 
do not. 
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Abstract: The stop-signal paradigm has been widely used in behavioural research as a measure 
of response inhibition, a core component of cognitive control. It is known that stopping 
behaviour can be accounted for by assuming that a race between independent ‘go’ and ‘stop’ 
processes determine whether inhibition is successful or not. The interplay between the ‘go’ vs 
‘stop’ processes and the quality of visual information and its impact on inhibition has also gained 
much interest in the literature. However, a few studies have examined how perceptual difficulty 
of the ‘go’ stimuli may indirectly affect the ‘stop’ process. In this experiment, we assessed how 
parametrically manipulating perceptual difficulty of the ‘go’ stimuli affects response inhibition, 
as measured by stop-signal reaction times (SSRTs) and probability of inhibiting (Pi). Eight 
healthy individuals (4 female and 4 male) (M = 30.00; SD = 6.00) underwent a modified 22-
minute stop-signal task, where traditional ‘go’ stimuli (i.e., arrows) were replaced by images of 
‘Y’ and ‘V’ letters with low, intermediate-1, intermediate-2, and high levels of perceptual clarity 
(levels of Gaussian blur). On 33% of trials, the stop-signal (50 ms audio tone) followed the ‘go’ 
stimuli after a brief interval (the stop-signal delay, SSD), which was individually adjusted for the 
participant to reach a minimum of 50% accuracy for the stop trials. Results showed that reaction 
times to the ‘go’ stimuli significantly increased with increased perceptual difficulty, F(3, 18) = 
6.07, p < .005, = .50. No significant effect of perceptual difficulty on Pi and SSRTs was 
observed, however, a trend towards significance (F(3, 18) = 2.51, p = .09) was observed for Pi, 
indicating a trend towards higher probability of inhibiting as a function of perceptual difficulty. 
Our results indicate that ‘go’ and ‘stop’ processes are independent as assumed by the race model. 
These preliminary findings have implications for the relationship between the ‘stop’ and ‘go’ 
processes but require further validation if we are to disentangle how perceptual load may 
influence response inhibition.  
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Abstract: Our growing understanding of human cognition has been impeded by conventional 
research methods involving many small-scale studies with local convenience samples at 
individual university laboratories utilizing incomparable task designs. These methods make 
cognition research slow, costly, and difficult to replicate. The Human Cognition Project (HCP) is 
a large-scale, online science project aimed to complement traditional laboratory-based 
experimental approaches used in the cognitive sciences. Inspired by Lumosity’s web-based 
cognitive training platform that includes a suite of games, assessments, surveys, and tracking 
metrics, the HCP advances studies of cognitive training by supporting world-wide collaborations 
and offering researchers access to the largest database of human cognitive performance, with 
data from over 80 million individuals to date. 
The HCP is guided by the hypothesis that bringing together a broad network of academic 
scientists and clinicians will accelerate investigations of cognitive functions such as processing 
speed, working memory, visual attention, and flexibility, thereby advancing the field of human 
cognition. Since the project formally began in 2011, HCP has resulted in twelve peer-reviewed 
publications. Ongoing studies include investigations of population trends in cognitive changes 
across the lifespan, neuroplasticity associated with targeted cognitive processes, and 
effectiveness of cognitive training as a neurotherapeutic tool for individuals affected by mild 
cognitive impairment, Multiple Sclerosis, stroke, ADHD, cancer, and TBI. Here we present an 
overview of the HCP science model as well as several primary findings from published studies 
that have resulted from the project. 

Disclosures:   K. Kerlan: A. Employment/Salary (full or part-time): Lumos Labs, Inc. N.F. Ng: 
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Abstract: Response inhibition is an integral aspect of cognitive control whose neural 
mechanisms have been studied extensively. However, the attentional aspects of response 
inhibition have not been fully elucidated. To investigate the effects of attentional capture on 
response inhibition, 22 healthy right-handed participants (10 female) performed a modified 
Go/No-Go task. Stimuli consisted of the letters 'X' and 'Y' where a Go stimulus was the 
alternation and a No-Go stimulus was the repetition of letters (20% of trials). Participants 
responded to Go stimuli using their right index finger. Equal numbers of Go and No-Go stimuli 
were altered in both size and color to be more visually salient (SAL). Participants were asked to 
respond in the same manner to SAL stimuli as the regular, non-modified stimuli (REG). Whole-
head magnetoencephalography (MEG) data were recorded with Neuromag Vectorview (Elekta). 
The signal was spectrally decomposed for each trial using Morlet wavelets in the theta (4-7 Hz) 
and beta (15-25 Hz) frequency bands. Each participant's cortical surface was reconstructed from 
high-resolution anatomical MRIs and served to constrain the distributed minimum norm inverse 
estimates. Behaviorally, task accuracy was differentially affected by stimulus type where SAL 
stimuli improved accuracy on No-Go trials but hindered accuracy on Go trials. Similarly, SAL 
Go response times were slower than REG Go, reflecting attentional capture. Successful response 
inhibition elicited an event-related theta power increase, peaking at ~300 ms, in a bilateral 
network including the inferior frontal, anterior cingulate, and insular regions, and right lateral 
temporal cortex. Overall there was a greater theta band increase in response to SAL stimuli 
compared to their REG counterparts as well as increased theta power to No-Go compared to Go 
trials. However, the anterior cingulate, inferior frontal, and lateral temporal regions showed 
particular sensitivity such that the theta power was the greatest to SAL No-Go trials. Though the 
activation in the anterior cingulate and inferior frontal region was bilateral, the theta power 



increase estimated to the lateral temporal cortex was strongly right-lateralized. As expected, the 
event-related decrease in beta power was especially marked over the left motor regions 
subserving right-hand response preparation and execution. The beta band decrease was greater 
on SAL Go trials, indicating that the attentional capture affects motor output during downstream 
processing. Taken together, these data suggest that attentional capture plays a crucial role in 
informing and invoking the response inhibition system in an interactive manner. 
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Abstract: When a surprising event, such as a car honking, occurs in daily life, we often find that 
our ongoing train of thought is interrupted and consequently forgotten. In the lab, this situation 
has been modeled using a task of verbal working memory (WM) that is disruptable by surprising 
events. Using this paradigm, it has been shown that the disruption of verbal WM relates to the 
same fronto-basal ganglia mechanism that is thought to underlie the outright stopping of action 
(Wessel et al., 2016). While this provides new insights into the relationship between surprising 
events, WM, and motor inhibitory control, and could help to explain one form of distractibility, 
is it unknown whether the effect was due to the fact that verbal WM uses auditory and speech-
based mechanisms, which may be especially disruptable by motor inhibitory control, and if the 
effect is thus specific to verbal WM. Moreover, the disruption effect observed in the previous 
study was short lasting; therefore whether the disruption effect can be extended across time 
remains to be established. Here we devised a visuospatial retro-cue paradigm. Participants were 
shown a number of square stimuli, based on an estimate of Cowan’s k for each participant, in 
succession (each square was in a different position on the screen) and were then probed to recall 
the location of one of the squares. The probe consisted of a number cue indicating to participants 
which square of the sequence they would need to remember. Prior to presentation of the probe, a 



sound was played. In Experiment 1 (N = 16), the sound was either a standard 600 Hz sine-wave 
tone (80% of trials) or a novel (a unique birdsong segment, 20% of trials), each played for 200 
ms. While the proportion of novel trials was the same as in Wessel et al., 2016, nearly twice as 
many trials were used overall. We found a significant effect of surprise on visuospatial WM (as 
measured by the distance from the response location to the centroid of the target square) with 
decreased response precision after novel versus standard tones (t(15) = 2.98, p = .009, d = 0.46). 
We then replicated this effect in Experiment 2 (N = 16, t(15) = 5.00, p < .001, d = 0.66), 
including two types of surprising events: unique birdsong segments and longer duration sine-
wave tones (500 ms), extending our findings to a different type of auditory novel. Thus, surprise 
impacts not only verbal WM (as in our earlier studies), but also visuospatial WM. Additionally, 
we show that the effect of surprise on cognition persists twice as long as previously shown, and 
that multiple types of novel events can produce the effect. This experimental paradigm is a good 
platform for further investigation of the neural correlates of the effect of surprise on WM. 
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Abstract: Functional connectivity (FC) patterns during rest and task are highly similar, 
suggesting an underlying intrinsic FC architecture shared between these states (Cole et al., 2014). 
Despite this, recent studies have provided evidence that cognitive control networks flexibly 
represent a dynamic range of task information through activity patterns and widespread task-
evoked FC changes (Waskom et al., 2014; Cole et al., 2013). Here, we tested the hypothesis that 
intrinsic FC pathways carry the flow of task activity from cognitive control networks to content-
related (e.g., visual and motor) networks to help implement task demands. We collected resting-
state and task functional magnetic resonance imaging (fMRI) data while subjects performed a 



complex cognitive paradigm involving the learning and implementation of multiple task rules 
(C-PRO, a variant of the paradigm from Cole et al., 2010). Using a recently developed method 
that linearly maps activity flow between regions via FC modulation, we extracted trial-by-trial 
task-rule activity patterns and mapped activity flow between networks. To test the information 
content of task-rule activity in the predicted network, we trained a linear classifier on predicted 
data while testing the classifier on the network’s real data. We found that task-rule activity 
patterns generated in cognitive control networks could predict activity in content-related 
networks via activity flow for each of the three rule types (logic, sensory, and motor). 
Furthermore, network-to-network activity flow mappings were specific to the predicted 
network’s functional relevance to the decoded rule type (e.g., motor network mappings for motor 
rules). To validate the computational principles underlying this approach, we constructed an 
abstract neural network model organized with distinct network communities to verify whether 
task activations in specific networks could be predicted based on network topology. Indeed, we 
found that intrinsic functional connectivity architectures could successfully predict the channels 
of activity flow. These findings suggest two conclusions: (1) Intrinsic FC reflects an underlying 
architecture that carries task information in the form of activity flow (the spread of cognitive task 
activation amplitudes), as validated through both empirical fMRI data and computational 
network models; (2) Flexible representations of task activity patterns in cognitive control 
networks contain information to downstream activity patterns in content-related networks. 

Disclosures:  T. Ito: None. D.H. Schultz: None. L.I. Solomyak: None. R.H. Chen: None. R.D. 
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Abstract: Although psychopathic traits (PT) are most often linked to emotional deficits, recent 
literature has shown PT are also linked to abnormal brain activation during cognitive control and 
reward processing tasks. However, the relationship between PT and cognitive control in the 
context of reward has not been studied extensively. We sought to explore the relationship 
between level of PT and engagement of cognitive control and reward networks. Specifically, we 
hypothesized that higher PT would relate to decreased activation in cognitive control networks 
and increased activation in reward systems. 
Twenty-six healthy control participants completed the Incentivized Control Engagement Task 
(ICE-T), an incentivized version of a delayed match-to-sample task that separates reward 
anticipation and reward consumption in the context of cognitive control during fMRI. 
Participants also completed the Levenson Self-Report Psychopathy Scale (LSRPS) to determine 
level of psychopathy traits. Whole-brain regression analyses examined the relationship between 
LSRPS scores and BOLD activity during high versus low cognitive control trials as well as 
reward versus neutral trials. Whole-brain analyses were height thresholded at p<.005 and cluster-
corrected at FWE p<.05. 
LSRPS scores did not relate to participant’s ability to perform more accurately or rapidly during 
high versus low cognitive control or rewarding versus neutral trials. Neuroimaging data indicated 
that higher LSRPS scores were associated with decreased BOLD during trials requiring higher 
cognitive control in the DLPFC, inferior parietal cortex, temporal lobe, somatosensory cortex, 
and cerebellum. While LSRPS did not show a significant relationship between BOLD and 
reward anticipation, significantly increased activity during the consummatory phase of reward 
compared to neutral trials was identified in DLPFC, ventral striatum, inferior parietal cortex, 
anterior cingulate cortex, thalamus, and supplementary motor cortex. 
Neuroimaging data showed global cognitive control deficits and increased reward sensitivity in 
relationship to PT. Furthermore, people with increased PT engaged their attention and salience 
networks more during reward versus neutral trials. We hope to expand these results with further 
analyses differentiating the effects of affective/interpersonal (F1) and antisocial/lifestyle (F2) 
traits and compare individuals with unique combinations of F1 and F2 traits. Additionally, we 
hope to further assess the interaction of cognitive control and reward performance in these 
individuals. 
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Abstract: Baseline neurocognitive tests are a key component to concussion management 
protocols and are useful in helping make return-to-play (RTP) decisions. Previous research has 
shown that the amount of sleep that one has prior to neurocognitive testing may impact 
performance. However, the influence of sleep quality is less known. The purpose of this study 
was to examine the relationships between the amount of sleep and sleep quality on baseline 
neurocognitive performance. Ninety-seven NCAA Division I student-athletes completed the 
Immediate Post-Concussion Assessment and Cognitive Testing (ImPACTTM) test and the 
Pittsburg Sleep Quality Index questionnaire (PSQI) as part of baseline concussion testing. PSQI 
measures sleep quality based on responses to questions based on the past month. Number of 
hours of sleep the night before was reported into ImPACT. Of the 97 participants, 20 of the 
participants were considered poor sleepers based on the PSQI. MANOVA revealed that those 
considered poor sleepers had slower reaction time (p = .031) and higher total symptom score (p < 
.01). Based on the amount of sleep the night before, participants were classified as short (< 7 
hours; n = 26); intermediate (7 to 9 hours; n = 44); and long (≥9 hours; n = 4). MANOVA on 
amount of sleep revealed no significant differences on scores on the ImPACT. These findings 
suggest that the amount of sleep the night before neurocognitive testing may not be as important 
as the sleep quality that they usually get the previous month. These results suggest that sleep and 
sleep quality may have an influence on neurocognitive performance and should be considered 
when making RTP decisions. 
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Abstract: The impacts of excess Body Mass Index (BMI) on physical health are well known and 
widely studied, but little is known about the consequences of being overweight or obese on 
cognitive function. The aim of this study was to correlate the BMI with executive functions in 
overweight middle-aged women. Seventy overweight middle-aged women between 48 and 64 
years of age who are otherwise healthy participated in the study. Demographic and 
anthropometric variables were evaluated. Four standard neuropsychological tests were applied to 
assess executive functions, sustained attention, selective attention, and verbal fluency. The mean 
BMI of the participants was 29.35 and was negatively correlated with categories reached (r = -
0.41, p = 0.007) and positively correlated with the number of errors (r = 0.43, p = 0.005) of 
executive function test. Scores of other neuropsychological tests applied showed no correlation 
with BMI. These findings suggest that BMI impacts the executive functions in overweight 
women who do not present any signs of disease. 
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Abstract: The ability to monitor cognitive functioning across the lifespan accurately and 
remotely remains an essential method for understanding normal, healthy aging versus cognitive 
impairment and decline. Mobile, computerized neurocognitive assessments allow for less 
burdensome and more frequent administrations with minimal learning effects, which could 
potentially result in more accurate measures of an individual’s performance in his natural 
environment and increase the reliability and the sensitivity of these assessments to cognitive 
change over time. For researchers, mobile assessments can aid in recruiting and running large-
scale studies in a more cost-effective manner. In the clinical world, advantages of mobile 
cognitive assessments may enhance clinicians’ ability to screen and longitudinally monitor 
patients’ cognitive performance and with the hope of detecting decline or inconsistencies earlier. 
Additionally, mobile assessments make it substantially easier and cheaper to collect large 
samples of normative data for use in understanding how to interpret performance on mobile 
assessments. 
While the capability of remotely administering cognitive assessments decreases burden of having 
a trained psychometrician or clinician present, development of these tools requires a balance 
between an easily understood self-guided experience and the psychometric requirements of good 
cognitive assessments. The mobile NeuroCognitive Performance Test (mNCPT; Lumos Labs, 
Inc.) is a mobile application and platform developed to remotely assess cognitive abilities in 
adults ages 18-90. The mNCPT is available for download on iPad and for this study was offered 
to a set of individuals who use Lumosity on their iPads. Individuals were guided through a 
battery of subtests to measure cognitive abilities, including working memory, attention and 
reasoning, and had the option of providing additional demographic information about themselves 
afterwards. To investigate the reliability of the mNCPT, a set of those who completed a first 
battery were asked to come back on a subsequent day to complete the same battery a second 
time. In this poster, we explore psychometric properties of the mNCPT and provide evidence for 
the feasibility and adequate reliability (average r > 0.50) of the mNCPT as a remote, 
unsupervised measure of cognitive performance. 
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Abstract: In both psychology and neuroscience, goal selection is held to be crucial to adaptive 
behavior. However, goals can be defined at multiple levels of abstraction: the same action can be 
treated as both taking a sip of coffee and refreshing oneself to work. Our work aims to study 
task-switching processes under these multiple levels of control. To date, some hints have 
suggested that hierarchical task organization might operate in task switching, in particular from 
studies showing that switching efficiency varies with the global probability of task switches (e.g., 
Monsell & Mizon, 2006). This finding suggests that contextual control information (about switch 
frequency) influences lower levels of control (guiding selection of specific tasks). However, an 
alternative interpretation of these results is that they reflect practice effects, with greater 
experience of switches improving their performance. To study multiple levels of top-down 
control, deconfounded from effects of experience, we developed a novel design to tease out pure 
top-down influences experience-driven adjustment. 
Healthy human participants performed a standard task-switching paradigm in short blocks of 
trials. Importantly, participants’ belief about switch probability in each block was manipulated 
through explicit instruction: Switch frequency instruction varied across blocks (frequent vs. rare 
switch) but objective frequency was matched for a subset of blocks (labeled as Fake Frequent 
and Fake Rare). Across these conditions, any difference in switching performance can be 
attributed exclusively to instruction and corresponding high-level control. Study 1 demonstrated 
behaviorally that instruction played a role above experience as evidenced by increased switch 



costs in the Fake Rare vs. Fake Frequent condition. Study 2 manipulated reward to demonstrate 
that this effect was motivation-dependent. Study 3 used EEG methods to characterize the level at 
which instruction affected processing. We measured lateralized motor potentials to assess 
whether switch expectancy directly affects motor preparation for a task. On the other hand, 
expectancy could engage with attention system by strategically changing attentional scope as 
reflected in EEG alpha power. We found effects of instruction only on alpha power (Frequent 
Switch > Rare Switch). The results suggest that expectancy prompts the adoption of distinct 
control modes across blocks but not motor preparation of individual trial level. 
Overall, we demonstrated that expectations uniquely contribute to adjustments in cognitive 
control in a task switching through hierarchical control. 
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Abstract: Many studies of performance-monitoring propose that after action errors, motor 
execution is slowed down to avoid further errors (post-error slowing, PES). However, a major 
challenge to these models comes from studies showing that when time to adapt is short, PES 
increases while post-error accuracy decreases. Here, we propose that this happens because a 
mechanism for global motor suppression is invoked to effect PES, which, however, negatively 
affects accuracy on the next trial. In 4 experiments using a foot-pedal Simon task with a short 
inter-trial interval, we tested whether error commission elicits global motor suppression by 
quantifying motor-evoked potentials (MEPs, elicited by transcranial magnetic stimulation) in 
task-unrelated hand muscles. Hand-MEPs were reduced at 250-300ms following error 
commission, indicating global motor suppression. We then tested whether the degree of this 
global motor suppression related to PES. Indeed, participants with greater motor suppression 



showed increased PES. However, global motor suppression was negatively correlated with post-
error accuracy: in all experiments, accuracy was decreased following action errors, and 
participants with stronger global motor suppression showed greater post-error accuracy deficits. 
We propose that following error commission, when time to adapt is short, a neural mechanism 
for global motor inhibition is invoked to effect PES. This global inhibition system may also 
impact cognition, affecting current task-set, and impacting subsequent behavior. 
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Abstract: Objective: To study the relationship between executive functioning (EF), academic 
self-efficacy (SE), motivation, study habits and academic performance (AP) in university 
students. Methods: 75 students of health sciences were included in the study. EF was assessed 
with Modified Wisconsin Card Sorting Test (M-WCST) (Nelson, 1976), Verbal Fluency Test, 
Stroop Color-Word Interference Test, Symbol Digit Modalities Test (SDMT) (Smith, 1982) and 
Trail Making Test (TMT). Students were also assessed with Barrat Impulsivity Scale (Patton, 
Standford y Barrat, 1995), Academic Self-efficacy Scale (Blanco et al., 2011) and Inventory of 
Study Habits (Fernández-Pozar, 2014). GPA was considered as a measure of academic 
performance. Results: The students included in the study were 50 women and 25 men, with an 
average of 18.8±0.89 years old. All enrolled between first and second semester, 9.3% were 
medical students, 22.6% dentistry students, 18.6% nursing students and 49.3% psychology 



students. Students had a GPA average of 83.2±11. Regarding EF assessment, low scores were 
found in EF tests. The students had an average of 4.5±1.9 categories in M-WCST (15th 
percentile); 5.9±6.6 perseverative errors (30th percentile); 6.8±7.6 Stroop interference score (40th 
percentile); 12.3±4.2 verbal fluency score (letter S) (20th percentile). The best fit linear 
regression model explained 37% of the variance in AP (p=0.00087) and included: prior AP 
(beta=0.3, p=0.02); Stroop interference score (beta=0.023, p=0.04); SE (beta=0.21, p=0.13); age 
(beta-0.21, p=0.05); motivation (beta=-0.20, p=0.10); communication factor in SE (beta=0.17, 
p=0.17); perseverative errors in M-WCST (beta=-0.16, p=0.14) and verbal fluency (beta=-0.13, 
p=0.24). Conclusions: The results support that prior AP, inhibition, SE, age, motivation, mental 
shifting and verbal fluency predict AP. Our results are in contrast with other studies in university 
population that found no relationship between EF and AP (Barceló-Martínez, Lewis Harb & 
Moreno-Torres, 2006; Vergara-Mesa, 2011) but agree with studies that found a positive 
relationship between EF and AP in children and adolescents (Bull, Espy & Wiebe, 2007; St 
Claire-Thomson & Gathercole, 2006; Latzman, Elkovitch, Young, Lee & Clarck, 2010). Our 
results showed that inhibition, mental shifting and verbal fluency are the EF components most 
related with AP, in contrast to other studies which found that working memory is the most 
related EF component (Da Costa Leite, 2013; Thorell, Veleiro, Siu, Mohammadi, 2013). It is 
important to increase the sample size, to include a working memory test and psychophysiological 
measures to confirm the results. 
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Abstract: The ability to flexibly adjust thoughts and behavior across diverse task domains is a 
fundamental feature of cognitive control. Previous fMRI research in humans has linked such 
control processing to the cross-domain engagement of cognitive control brain networks, which 



alter their patterns of functional connectivity with domain-specific networks in response to 
ongoing task demands (Cole et al., 2013; Nat Neuro). However, fMRI imaging is limited in its 
capacity to resolve the fine-grained temporal signatures underlying flexible control network 
recruitment. Furthermore, prior functional connectivity studies using higher temporal resolution 
imaging methods (e.g. M/EEG) have either been confined to network analyses at the raw sensor 
level (rather than the underlying neural source space) or have primarily focused on the resting 
state (which lacks explicit experimenter control over ongoing task demands). Hence, subjects in 
the current study underwent MEG scanning whilst performing the permuted rule operations task 
(PRO) - a paradigm that iterates through 4 categories of each of 3 rule domains (4 logic x 4 
sensory x 4 response rules) to present a total of 64 unique task states (Cole et al., 2010; J Neuro). 
Using adaptive linear beamforming methods of source localisation and individualized head 
models constrained to subjects’ anatomical MRIs, we reconstructed spatio-temporally precise 
source activation timeseries from 264 brain regions specified from a functional atlas (Power et 
al., 2011; Neuron). The source timeseries were resolved to separate frequency bands (via band-
pass filtering and the Hilbert transform), and corrected for source mixing/spread artifacts by the 
removal of spurious ‘zero-lag’ phase relationships between source pairs (Hipp et al., 2012; Nat 
Neuro). The resultant band-limited, phase-orthogonalized source power envelopes were 
correlated on a pairwise basis to estimate functional connectivity during performance of the PRO 
paradigm. Consistent with previous fMRI findings, graph theoretic analyses applied to the MEG 
source connectivity estimates identified flexible patterns of network engagement across multiple 
task states that were specific to cognitive control networks. Our results go further in segregating 
these flexible network signatures as a function of frequency band and the specificity of task 
processing (e.g. by contrasting connectivity during ‘initial encoding’ versus ‘active performance’ 
of the different PRO tasks). The findings provide insight into the dynamic, oscillatory brain 
network processes that underpin controlled cognitive processing across multiple task domains. 
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Abstract: Over the past decade, multivariate pattern classification analysis (MVPA) has become 
a valuable tool for the analysis of human neuroimaging data. Recently, these methods have been 
successfully applied to spatially distributed patterns of event-related potential (ERP) data to 
predict upcoming decisions during the early stages of information processing (Bode et al., 2012, 
J Neurosci; Bode & Stahl, 2014, Biol Psychol). One important question that remains is whether 
this early information directly informs subsequent decision behaviour. The present study 
therefore investigated the extent to which decodable decision-relevant information predicted the 
timing of behavioural responses. ERP data was recorded from 12 participants (18-37yrs, 6 
female) during a series of simple identity decisions, whereby two consecutively presented letters 
were shown in 12 different rotation angle conditions (0°-330°, in steps of 30°). The 
electroencephalogram was recorded at 1000Hz using a Quickcap (Neuroscan) system with 64 
silver/silver-chloride electrodes. After standard pre-processing, decision outcomes were 
predicted from spatio-temporal activity patterns in 10ms analysis time windows, which were 
moved through each trial. We identified the first time window from which decisions could be 
predicted at ~200-260ms after the presentation of the probe stimulus, depending on rotation 
angle condition. This information preceded the average response time (RT) by ~200-250ms. To 
estimate the extent to which decision-information from these early time windows was related to 
RT, the change in mean classification accuracy was correlated with the change in mean RT for 
each rotation angle condition when excluding each participant once. On average, the amount of 
decision-relevant information that correlated significantly with RT started at 260ms after the 
probe stimulus, and peaked at ~400ms, which corresponded to the beginning of the response 
period (mean r = -.45; p < .05 Bonferroni-corrected). This suggests that when more information 
was represented in brain activity patterns during early time windows, faster decisions were made. 
These results provide strong evidence that MVPA for ERPs can reveal the accumulation of 
information in the brain that is directly relevant for upcoming behaviour. 
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Abstract: Sudden insight during problem solving results from enlarging or restructuring a 
problem solution space, allowing a previously inaccessible solution to emerge into the 
participant’s imagination, producing an ‘Aha!’ experience. As the subjective suddenness of such 
moments suggest their precipitation by a transient brain dynamic event, much research on insight 
during human problem solving has focused on the second immediately preceding a participant’s 
signal (by button press) that they have discovered a solution. In the past decade, however, a 
number of studies have indicated a direct relationship between brain processes occurring in 
earlier stages of problem solving and the subsequent ‘Aha!’ experience. To examine brain 
activities during the full time course of a solution search process, we recorded high-density EEG 
data as healthy adults solved ‘Wheel-of-Fortune’ style language puzzles. Each trial began with a 
series of dashes and blank spaces on a screen indicating the positions of letters in a common 
phrase or idiom. At randomly jittered intervals (1.5-3s), single letters in the phrase, randomly 
selected by the game application, replaced the dashes. Participants pressed a button as soon as 
they could guess the full phrase. After a cue, they spoke their solutions aloud, allowing the 
experimenter to check accuracy. The participants then rated the degree of sudden insight they 
had experienced when reaching the solution. Correct solutions were reached after presentations 
of two to twelve letter clues, and were later rewarded with a monetary bonus proportional to 
solution speed. Pre-cleaned 256-channel EEG data were decomposed into underlying source 
contributions by adaptive mixture independent component analysis (AMICA). Brain-based 
independent component (IC) scalp maps were modeled as projections of single equivalent 
dipoles, and event-related spectral perturbations (ERSPs) were computed for each such IC in 1.5-
s epochs following each letter clue presentation. Measure Projection Analysis (MPA) identified a 
subspace of model brain voxels exhibiting consistent cue-onset ERSP patterns across ICs with 
nearby equivalent dipoles. This consistency voxel subspace was further divided into distinct 
domains by Affinity clustering on voxel-centered mean ERSP differences. Results revealed 
spectral power changes in right hemisphere cortical field activity beginning at least three letter 
presentations before participants articulated the correct solution. This result implies that problem 
solving in this task is a prolonged process with distinct brain dynamic pre-conditions. 
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Abstract: Barlow (1961) argued that meaningful study of neural mechanisms requires an 
understanding of their functional importance. In the case of the divisive normalization model of 
visual systems (Carandini and Heeger 2012), it has been argued that the functional importance of 
normalization comes through the efficient coding of stimuli (Schwartz and Simoncelli 2001, Lyu 
and Simoncelli 2009). More recently, the normalization mechanism has also been observed in 
value representation and choice behavior. Value normalization has successfully explained 
neuronal activity in primates (Louie et al. 2011) and experimental choice behavior in humans 
(Louie et al. 2013, Web et al. 2014). However, stimulus encoding is not the purpose of choice, so 
that efficient coding cannot explain the functional importance of normalization in choice 
behavior. We propose instead that value normalization plays a role in bringing about efficient 
choice. Specifically, we show that any behavior arising from a class of value normalization 
models can be rationalized as maximizing the expected value of choice minus the costs of 
decision making. We also establish that our class of value normalization models covers all the 
behaviors that can be rationalized by our model of costly decision making. We model the costs 
of decision making via the Shannon entropy of the choice probabilities, which is a measure of 
the degree of stochasticity in choice. Less stochasticity in choice requires a larger reduction in 
entropy and is therefore more costly. In addition, we scale the costs of decision making via a set-
dependent factor that allows choice sets to vary in how hard it is to discriminate among the 
alternatives. For instance, choice sets might vary in the similarity or salience of the alternatives 
they contain. We connect our normalization model to the classic Luce model of stochastic choice 
which is popular in the field of economics. We show how a relaxation of the condition called 
independence from irrelevant alternatives, which is known to characterize the Luce model, leads 
to normalization. Our work provides a normative foundation for value normalization by deriving 
it as the class of optimal solutions to a problem of costly decision making. This normative 
foundation lends support to the possibility that the functional importance of value normalization 
lies in bringing about efficient choice behavior. 
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Abstract: Decision-making links cognition to behavior and is a key driver of human personality, 
fundamental for survival, and essential for our ability to learn and adapt. It has been well 
established that humans make logical decisions where they maximize an expected reward, but 
this rationality is influenced by their emotional state. Psychiatric patients who have dysfunctional 
cognitive and emotional circuitry frequently have severe alterations in decision-making where 
emotion hijacks logic. Unfortunately, the function of relevant neural circuits in humans is largely 
uncharted at fine temporal scales, severely limiting the understanding of changes underlying 
disruption associated with age or psychiatric diseases. In this study, we localize neural 
populations, circuits, and their temporal patterns on a millisecond scale that are critically 
involved in human decision-making. 
Twelve human subjects, implanted with multiple depth electrodes for clinical purposes, 
performed a gambling task while we recorded local field potential neural activity from deep and 
peripheral brain structures. The gambling task consisted of a game of “high card”, where the 
subject bets high ($20) or low ($5) on whether her card will be higher than the computer’s card. 
We posited that each subject’s decision-making system consists of a feedforward model with the 
playing card as the input and betting behavior as the output (e.g. how she bets and how quickly 
she bets). The behavior and gambling outcome is a feedback control signal to the model, which 
updates the internal latent state of the feedforward model. For each subject, we estimated the 
latent state variable from binary bets (high versus low) using maximum likelihood methods. 
Specifically, we modeled the probability of betting high as a function of this internal state and 
the player’s card, and the state updates on each trial as a function of observed quantities such as 



the card value, expected reward, and variance of reward. 
Further, neural correlates for the internal state trajectory and components that update the internal 
state are present in key limbic structures suggesting that the internal state is correlated to the 
subject’s emotions. In particular, specific oscillations in brain structures, including amygdala, 
cingulate cortex, and the entorhinal complex are shown to influence betting behavior (what you 
bet and how quickly you make the bet) in a profound way. These findings provide new insight 
into how humans link their internal biases (e.g. emotions) to decisions. 
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Abstract: Quality and quantity are cardinal dimensions in value-based decision-making. To 
make effective decisions it is necessary to combine information about both in order to estimate 
an integrated value for available options. This calculation requires an interaction between quality 
and quantity, given that the value of one additional unit of a good depends fundamentally upon 
the unitary value of that good; an extra car is worth more than an extra pair of socks. Here we 
investigate how quality and quantity are represented in the brain, and how they interact to 
produce integrated value. In a behavioral experiment we first assessed individual value functions 



for different gift cards (e.g., supermarket, book store) using Becker-DeGroot-Marschak auctions. 
We then used fMRI to identify the neural representation of quality (how desirable the brand of 
each gift card was), quantity (how much money was on each gift card), and the interaction 
between these two dimensions. Activity in lateral and inferior prefrontal and temporal cortices 
correlated with gift card quality, while activity in intra-parietal sulcus and surrounding parietal 
cortex reflected the quantity. A network comprising the cingulate cortex, bilateral hippocampus, 
and medial prefrontal cortex encoded an interaction between quality and quantity. Conjunction 
analyses revealed overlapping representations of quality, quantity, and their interaction in the 
anterior cingulate, suggesting that this region provides the substrate for the formation of an 
integrated value from quality and quantity. 
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Abstract: Counterfactual thinking refers to our psychological capacity to entertain thoughts 
about alternative ways in which past events could have occurred but did not. In the past decade, 
cognitive neuroscientists have explored neural activations associated with counterfactual 
thinking either in the context of decision-making or in the context of mental simulation. 
However, the extent to which both kinds of counterfactual thinking tasks engage common brain 
regions remains unknown. To address this question, we present here a quantitative meta-analysis 
of neuroimaging studies of counterfactual thinking from both the decision-making and the 
mental simulation literatures. After a systematic search of the scientific literature, 18 
neuroimaging studies involving counterfactual thinking tasks were identified. Next, a coordinate-
based meta-analysis using Activation Likelihood Estimation (ALE) was conducted. This analysis 
revealed seven clusters reliably activated during counterfactual thinking tasks: right lateral 
parietal cortex (BA39), left superior prefrontal cortex (BA 8), bilateral globus pallidus in the 



basal ganglia, right hippocampus, inferior prefrontal cortex (BA 47), anterior cingulate cortex, 
and left precentral gyrus (BA 9). These results provide reliable and robust estimates of the neural 
correlates of counterfactual thinking. In addition, we believe these results add to growing 
evidence suggesting that the hippocampus plays a critical role during mental simulation and 
decision-making tasks involving thoughts about unactualized events. Finally, these results 
suggest further avenues to research interactions and differential contributions of basal ganglia, 
parietal and pre-frontal cortices during counterfactual thinking tasks. 
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Abstract: Temporal discounting tasks require agents to engage in a trade-off between value and 
time, while making choices between smaller but sooner and larger but later rewards. The degree 
of discounting of reward-values that are burdened with a timely delay, varies considerably 
among individuals, giving rise to subject-specific values of the rewards. Neural correlates of 
subjective values in discounting can be characterized by parametric value representations (Kable 
& Glimcher, 2007, 2010; Miedl et al., 2012; Peters & Büchel, 2009). It has been shown that the 
availability of immediate rewards increase responses in brain regions involved in reward value 
coding (McClure et al., 2004; McClure et al., 2007; Luo et al., 2009), but it is not yet known 
whether parametric value representations are modulated by the immediacy of reward. Here we 
investigate the impact of immediate rewards on parametric value representation as well as related 
functional connectivity in meso-limbic circuits, that are possibly modulated by immediate 
rewards (Ousdal et al., 2012; Ambroggi et al., 2008). Our sample of young adults (n = 55, age 
18-20 years, 30 females) performed a discounting task that included two conditions: choices with 
immediate rewards (now-trials = NT) and choices without immediate rewards (not-now-trials = 



NNT). We tested our results in an age- and sex-matched independent replication sample (n = 55, 
age 18-20 years, 30 females). We report an impact of immediacy on neural subjective value 
representation with stronger activation in the medial and bilateral OFC for NT as compared to 
NNT. No differences in activation was found for NNT as compared to NT. We also report results 
from psycho-physiological analyses. Our results confirm a previously reported impact of 
immediacy on neural reward processing in temporal discounting. Specifically we show an impact 
on neural parametric value representation of discounting behavior. The results are discussed in 
relation to several discounting relevant measures such as personality and substance use. 
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Abstract: Neurobiological models of decision-making propose that the subthalamic nucleus 
(STN) plays a central role when humans weigh quick but possibly erroneous decisions against 
more accurate but slow decisions. However, to date there is no direct electrophysiological 
evidence linking STN activity to such trade-offs between speed and accuracy. To address this, 
we recorded STN local field potentials (LFP) from eleven Parkinson patients who had undergone 
STN deep brain stimulation surgery. During the recordings participants performed a task in 



which they had to decide whether a cloud of moving dots appeared to move to the left or to the 
right. The percentage of dots moving coherently in the correct direction was either high (50%) or 
low (8%), and participants were instructed to respond as quickly or as accurately as possible 
indicated by a cue presented before the onset of the moving dots. In order to relate recorded 
neural activity to distinct aspects of the decision-making process, we applied Bayesian 
hierarchical drift diffusion modelling (HDDM). HDDM computes the rate at which evidence 
accumulates over time (drift rate), the level of evidence at which participants respond (decision 
threshold) as well as the non-decision time based on participants’ behaviour. For all statistical 
analyses, significance thresholds were set to 0.05. As expected, subjects responded slower when 
they were instructed to focus on accuracy, not speed. In addition, participants were slower and 
less accurate during trials with low compared to high coherence. HDDM revealed that these 
behavioural changes were related to an increase in decision thresholds following cues instructing 
accuracy relative to speed and a decrease in drift rates in low compared to high coherence trials. 
Analysis of STN LFPs showed that instructing patients to speed up responses increased low-
frequency oscillatory (LFO) activity (2-8 Hz) and induced a stronger initial decrease in beta 
activity (13-30 Hz) between the onset of moving dots and the response. Interestingly, these two 
neural processes were not statistically related to each other as indicated by correlation analyses. 
Including the pre-response changes in STN LFO- and beta activity as predictors in HDDM 
regression analyses revealed that increased LFO activity predicted increased decision thresholds 
only after accuracy but not speed instructions, while stronger decreases in beta activity predicted 
decreased decision thresholds irrespective of the instruction. These findings indicate that distinct 
processes in the STN mediate adjustments between fast and accurate decisions by modulating 
how much evidence subjects acquire before committing to a decision. 
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Abstract: The neurotransmitters dopamine and serotonin are important modulators of neural 
activity and synaptic plasticity. Much work has been performed in model organisms to elucidate 
how these systems influence behavior and learning. However, technological limitations have 
hindered investigation of how these systems coordinate in real-time in humans to control 
behavior and influence learning. Here, we report simultaneous real-time (10Hz) measurements of 
dopamine and serotonin fluctuations in the striatum of 25 humans engaged in a continuous 
decision-making task. These measurements were made using fast scan cyclic voltammetry on 
carbon fiber microelectrodes acutely implanted in the striatum of patients undergoing deep brain 
stimulation electrode implantation for the treatment of Parkinson's disease symptoms. Penalized 
regression and a substantial calibration data set were used to train models for estimating 
dopamine and serotonin levels from non-background subtracted voltammograms. We 
demonstrate that this approach produces models that: (1) accurately track dopamine and 
serotonin fluctuations for long periods (>30min), (2) discriminate dopamine, serotonin, and pH 
fluctuations, while (3) overcoming the effects of electrode fouling and background drift that have 
plagued previous approaches. We applied these models to cyclic voltammograms collected from 
patients playing a sequential investment game. Sub-second dopamine and serotonin fluctuations 
encoding changes in expectations and evaluative feedback; further, fluctuations in one trial were 
predictive of actions in the next trial. These methods promise unprecedented insight into 
dopamine and serotonin systems in human decision-making, health, and disease. 

Disclosures:  K.T. Kishida: None. R. Moran: None. J. White: None. E. Lawrence: None. T. 
Lohrenz: None. I. Saez: None. A. Laxton: None. M.R. Witcher: None. S.B. Tatter: 
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Title: Neural correlates of temporal change point detection in the human brain 
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Abstract: Detecting changes in the timing of event occurrence is prevalent across species. Toads 
detect changes in the pattern of ripples on the water's surface caused by the movement of 
potential prey while human stock traders detect changes in the arrival of transactions to figure 
out shifts in investor sentiment. In this experiment, we investigated the behavioral and neural 
underpinnings of temporal change point detection. In the task, subjects observed a sequence of 
images presented on the screen while being scanned in the fMRI scanner. The sequences 
contained abrupt changes in the rate of image presentation and the subjects reported perceived 
changes by the button press. Subjects’ performance was significantly better than chance and we 
observed considerable heterogeneity in performance across subjects. To describe subject 
behavior quantitatively, we developed a frugal temporal averaging model, that compared the 
average rate of image presentation in a moving window defined over the recent past against the 
average rate estimated over a longer temporal interval. We compared the performance of the 
temporal average model to a more computationally expensive Bayesian online change point 
detection model inspired by Adams and MacKay (2007). Surprisingly, we found that the simple 
temporal average model captured the important aspects in the behavioral data as well as the 
Bayesian model despite the difference in their model complexity. We then correlated the time 
course of the decision variable predicted by the temporal average model against fMRI data. We 
found that the difference in the rate of image presentation exhibited a positive correlation with 
BOLD activity in a region of dorsomedial prefrontal cortex. Subsequent analyses will further 
explore the relationship between behavioral and neural data across subjects. 
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Abstract: In intertemporal choice, humans often discount the value of delayed rewards, 
preferring immediate rewards. When the average reward rate (expected reward per time unit) 
increases, the cost of waiting for a future reward weighs more heavily, increasing temporal 
discounting. Tonic dopaminergic activity has been suggested to represent the average reward 
rate, and pharmacological enhancement of dopamine transmission increases discounting. Tonic 
dopamine is also increased in novel environments. In the present three-day fMRI study, we 
investigated whether exposure to novelty modulates subsequent intertemporal choice. On day 1, 
participants’ discount rate was measured and they were familiarized with a set of images. On 
days 2 and 3, participants were first presented with familiar or novel images for 5 minutes. 
Subsequently, fMRI data were collected during an intertemporal choice task. Preliminary results 
(N = 10) suggest that the correlation between striatal activity and the subjective value of the 
chosen option is higher after exposure to novel compared to familiar stimuli, pointing to a 
possibility of novelty-associated modulation of intertemporal choice. 
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Title: Predicting individual differences in impulsivity using resting-state fMRI and machine 
learning 

Authors: *W.-Y. AHN, N. HAINES;  
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Abstract: The development of objective biomarkers for addictive disorders can innovate their 
prevention and treatment. Abundant evidence indicates that addictive disorders are characterized 
by neurocognitive manifestations of impulsivity, one of the most viable endophenotypic markers 
for addiction. A promising neuroimaging-based biomarker for addiction and related traits is 
resting-state functional magnetic resonance imaging (rs-fMRI) connectivity. Previous studies 
demonstrated its association with impulsivity (e.g., Davis et al., 2013) and rs-fMRI connectivity 
predicted the status of addiction dependence (e.g., Pariyadath et al., 2015). However, it remains 
unclear if individual differences in impulsivity can be accurately predicted by rs-fMRI 
connectivity. 
To test if rs-fMRI connectivity can predict individual differences in impulsivity, we used 926 
participants’ rs-fMRI data provided by the Brain Genomics Superstruct Project (GSP). The Conn 
toolbox was used to preprocess and perform ROI-to-ROI connectivity analysis in each subject. 
We tested several machine learning algorithms to predict impulsivity (total scores of the Barratt 
Impulsiveness Scale) using ROI-to-ROI connectivity measures in new samples. Each machine 
learning algorithm was fitted on the same training set (617 participants’ data) using 10-fold cross 
validation and we tested its out-of-sample prediction accuracy in the test set (309 participants’ 
data). Our preliminary results suggest that rs-fMRI connectivity can predict impulsivity scores in 
new samples and it is our expectation that this line of work may shed light on the development of 
biomarkers that can be used to assess individuals’ risk to addiction in clinical settings. 
Acknowledgement: Data were provided [in part] by the Brain Genomics Superstruct Project of 
Harvard University and the Massachusetts General Hospital, (Principal Investigators: Randy 
Buckner, Joshua Roffman, and Jordan Smoller), with support from the Center for Brain Science 
Neuroinformatics Research Group, the Athinoula A. Martinos Center for Biomedical Imaging, 
and the Center for Human Genetic Research. 20 individual investigators at Harvard and MGH 
generously contributed data to the overall project. 
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Title: Specific impairment in integrating quantitative features of intertemporal choice in 
Alzheimer’s disease 
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Abstract: It has been proposed that economic choice involves a two-stage process in which the 
subjective value of each option is computed, and then these values are compared to arrive at a 
decision (Padoa-Schioppa, Ann Rev Neurosci 2011). Such neuroeconomic models may help 
explain decision-making impairments observed in neurodegenerative diseases such as 
Alzheimer’s disease (AD) and frontotemporal dementia (FTD). We investigated whether 
conditions targeting different anatomic systems would have dissociable effects on neural 
mechanisms of decision-making in intertemporal choice. We have reported that patients with 
temporal lobe-predominant FTD make a greater proportion of impulsive choices than controls, 
while patients with AD make a similar proportion of impulsive choices to controls (Chiong et al, 
Brain 2016). In this analysis, we studied participants’ sensitivity to quantitative and temporal 
features of a hypothetical two-choice delay discounting task in which the delay length and the 
absolute and relative magnitudes of rewards were fully crossed. Controls responded to increases 
in delay length, decreases in the absolute magnitude of the delayed reward, and increases in the 
relative magnitude of the immediate reward by more frequently choosing the immediate reward. 
Patients with AD had diminished sensitivity to differences in delay length (p < 0.01) and the 
absolute (p < 0.01) and relative reward magnitude (p < 0.01), though their baseline tendency to 
choose an immediate reward did not differ (p = 0.45). Patients with temporal variant FTD did not 
differ from controls in their sensitivity to these features (p = 0.45, 0.93 & 0.07), but had a greater 
baseline tendency to choose an immediate reward (p < 0.01). Patients with frontal variant FTD (n 
= 12) demonstrated an intermediate phenotype. These results suggest that impaired decision-
making in AD may result from failures to integrate quantitative features of available options in 
subjective valuation, while in the temporal variant of FTD it may result from a systematic bias 
towards impulsive choice that is independent of such integration. 
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Abstract: The aim of this study was to evaluate age-related temporal differences in neural 
information transmission when young and older adults make value-based decisions. We used 
time-delayed cross mutual information (CMI) to measure linear and nonlinear dynamical 
coupling of EEG signals between electrodes. EEGs from 32 channels were recorded in 11 young 
(6/5 males/females; age = 24±1.9 yrs, mean±SD) and 11 older (3/8 males/females; age = 68±4.0 
yrs) normal participants during a lottery choice task. All data were filtered with a band pass of 
0.1-50 Hz. Participants decided to accept or reject stakes consisting of high, middle, and low 
levels of points magnitudes and probabilities of winning (or losing) the points. Focusing on 
central line electrodes (CZ, FZ), we computed CMI time courses affording onset, peak, and 
terminating times of waves of information transmission occurring after stimulus onset for each 
subject and then evaluated age differences in peak latencies. Older adults displayed more risky 
behavior with higher acceptance rates than the young for more costly low win probability 
conditions (high lose probability) (Young: 0.02±0.09; Old: 0.15±0.20 ; p < .05). We found 
significant age difference (p<.001) in the times of the first CMI peak such that signal in CZ was 
correlated with that in FZ between 88±18 - 228±54ms in the young group but between 181±60 - 
354±87ms in the older group. Thus, it took less time for the first peak of neural information 
transmission in young than older adults. However, the effect of probability was trivial in the first 
peak suggesting that it reflected basic representational processes. Critically, both age and 
probability modulated onsets of subsequent second CMI peaks. Whereas there were no age 
differences during the high probability condition (310±62 - 472±77ms), the second CMI peak 



times were earlier in younger than older adults in the middle (Young: 244±30 - 415±81ms; Old: 
439±97 - 587±98ms) and low (Young: 240±56 - 400±95ms; Old: 385±36 - 609±88ms) 
probability conditions. Further, while the probability effect was not significant in the young 
group, the time of the second CMI peak in middle and low probability conditions were 
significantly later than that in the high probability condition in the older group (334±72 - 
473±105ms; p < .05). Our findings suggest that risky behavior in older adults is associated with 
more temporally extended neural processing compared to younger adults. We further 
demonstrate that CMI between EEG electrodes captures psychologically and 
neurophysiologically meaningful aspects of human processing of value-based decisions. 
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Abstract: Is there a difference between knowing you will receive a reward and actually getting 
it? These two factors, here called information (info) and action-outcome (action), are usually 
intertwined, but may bias a decision in different ways. In the two reported experiments (E1 & 
E2) we teased apart how these two factors biased rapid reach decisions. 
For both experiments, participants completed two phases. In the Value Learning (VL) phase, 
they learned to associate specific shapes with specific outcomes. In the Rapid Reaching (RR) 
phase, they were told to ignore the learned associations and hit one of two targets cued at reach 
onset. During VL trials, participants saw shapes at only a single target location. A first shape 
(info) came on the screen and served as a movement pre-cue. After a brief delay, an auditory go 
cue signaled that participants should reach for that shape. Upon movement onset, the first shape 
was replaced by a second shape (action). Participants had to successfully reach toward and hit 
the action target to receive reward points for that trial. In E1 info shapes predicted action shapes 



100% of the time. One info-action pair produced reward 100% of the time and a second info-
action pair produced reward 50% of the time. In E2 info shapes were not predictive of action 
shapes, but each action shape was still consistently paired with either 100% or 50% reward. 
During RR trials, participants were presented with two of the four VL shapes coincident with the 
go cue and had to rapidly initiate a movement. At movement onset one of the two shapes was 
selected (filled-in black) and participants had to rapidly reach to its location to receive a reward 
for that trial. Possible rewards for RR trials were constant and based only on rapid reach 
performance (e.g. shape was irrelevant). 
We used functional regression techniques on RR hand trajectories to separately reveal the time 
evolving bias induced by two factors acquired during VL: information vs action and 100% 
reward vs 50% reward. In E1 we found the hand was significantly biased toward information 
targets and 100% reward targets. In E2, even though the information targets no longer predicted 
reward, we saw the same pattern of results. We hypothesize that info targets are valuable in part 
because they predict reward (E1) but more because they predict the upcoming action location 
(E1 & E2). This suggests that successfully completed actions are intrinsically and powerfully 
rewarding, and this reward signal plays an integral role in shaping learning and behavior. 
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Abstract: Manipulating the speed-accuracy tradeoff (SAT) has a significant impact on the 
underlying cognitive processes that support decision-making. Multiple behavioral studies in 
human suggest that the SAT is best explained via changes in the amount of evidence required 
before making a decision (i.e. the decision boundary). However, a recent study using non-human 
primates found that neural responses recorded from the lateral intraparietal (LIP) area, which is 
thought to track evidence accumulation, reached the same threshold under different SAT 
regimes. Here, we tested the generality of this result in humans by examining how the SAT 
impacts the cento-parietal potential (CPP), which has been shown to track evidence 
accumulation in human subjects in a similar manner to LIP neurons in non-human primates. To 
do so, we recorded electroencephalography (EEG) from human subjects while they were 
performing a contrast discrimination task where either speed or accuracy was emphasized across 
blocks of trials. Consistent with the recent monkey study, we found that the CPP reached a 
similar threshold before response onset across different SAT regimes. However, the slope of the 
CCP during decision-making was higher in the speed-emphasized compared to accuracy-
emphasized blocks suggesting faster sensory evidence accumulation. Moreover, we found that 
the CPP peaked right at the response onset in the speed-emphasized block but that it peaked ~50-
100ms before the response onset in the accuracy-emphasized block, which suggests that speed 
pressure reduces non-decision time. Interestingly, we also found that the CCP reached different 
thresholds when the data in the speed-emphasized block were sorted by short and long reaction 
times (RTs); however, only the slope of the CCP changed when the data in the accuracy-
emphasized block were sorted by RTs. Overall these results challenge the original views on how 
the SAT impacts decision-making by demonstrating that the SAT regulates multiple - instead of 
one— components of decision-making processes, and these include the rate of evidence 
accumulation, non-decision time, and decision boundary. 
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Abstract: As time passes in the process of making a decision, the need to give a response or 
perform an action increases. This “need-to-act” is defined as a sense of urgency. In the standard 
models of binary decision-making, noisy evidence is accumulated until a fixed threshold is 
reached for one of the two choices. Recent work has highlighted the striatum as the main brain 
region controlling this process (Forstmann, Ratcliff, & Wagenmakers, 2016). In contrast to the 
concept of fixed thresholds, current evidence suggests that the amount of evidence needed to 
give a response, might change during the process of making a decision (Boehm, Hawkins, 
Brown, van Rijn & Wagenmakers, 2015; Cisek, Puskas, & El-Murr, 2009). As time passes and 
urgency increases, the amount of evidence needed to trigger a decision seems to decrease, 
leading decision-makers to make a choice based on less evidence. In a first experiment, we tested 
three methods to induce urgency, which vary in the degree of explicit time pressure: an implicit 
method of slowing down the presentation of stimuli, a reward-based method in which points can 
be earned through fast responses and a deadline method in which participants are required to 
respond before a deadline. Using an expanded judgement paradigm we were able to compute the 
likelihood ratio of the chosen alternative to quantify the urgency effect. Results of a behavioural 
experiment show that all methods were able to induce urgency. The implicit method, however, 
was least affected by confounds such as strategy use. Looking at the neural mechanism behind 
the urgency effect previous research has shown the basal ganglia to be a likely source (Thura & 
Cisek, 2016). Our second experiment aims to describe how varying levels of urgency affect the 
development of activation in the basal ganglia, specifically the striatum, on a single trial level. 
Accordingly, the implicit urgency inducing method from Experiment 1 was employed in a 7T 
fMRI experiment. We hypothesize that in trials with a high level of urgency the striatum will be 
less active than in trials with a low level of urgency. Over time, this difference in activation 
could result in a lower response inhibition, and therefore responses are made based on less 
evidence for the chosen option. 
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Abstract: Impulsivity refers to the tendency to act without forethought or consideration of action 
outcomes. Since decisions are most effective after collecting sufficient information to predict 
rewarding outcomes, information sampling tasks have proven useful as a behavioral metric of 
impulsivity. The beads task is a probabilistic decision making task used to study information 
sampling biases. Participants view sequences of bead colors drawn from hidden urns and attempt 
to infer the majority bead color in each urn. After viewing each bead drawn, participants chose 
either to seek more evidence about the urn by drawing another bead (draw choices) or to infer 
the urn contents (urn choices). Functional imaging of the beads task shows that the decision to 
stop sampling information and guess an urn activates a reward anticipation network that includes 
the striatum. Further, a subset of Parkinson’s disease patients that develop behavioral addictions 
following dopamine replacement therapy and patients with schizophrenia display reduced 
information sampling in the beads task. This suggests that dopaminergic signaling contributes to 
information sampling biases. However, dopaminergic manipulations in healthy controls have not 
been shown to modulate information sampling behavior in the beads task. To determine if striatal 
dopamine is related to information sampling we measured presynaptic DA stores and synthesis 
with [18F]-FDOPA positron emission tomography (PET) in 65 healthy participants and correlated 
it with information sampling behavior in the beads task. The specific uptake constant, Ki, a 
measure of dopamine synthesis activity, was estimated for striatal regions of interest (caudate, 
putamen, and ventral striatum). Striatal dopamine synthesis capacity was inversely correlated 
with number of beads drawn in caudate and putamen. These results implicate dopamine function 
in information sampling behavior and therefore implicate increased striatal dopamine in 
impulsivity. 
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Abstract: In a dynamic world, accurate beliefs about the environment are vital for survival, and 
individuals ought regularly to seek out new information to update their beliefs. This aspect of 
behaviour is not well-captured by rational theories of decision making, and the neural 
mechanisms of information seeking are poorly understood. One recent theory posits that 
canonical neural reward-processing circuits assign an intrinsic value to information, even when 
that information lacks instrumental use. We investigated this question by recording EEG from 
twenty-two participants performing an information-seeking task. In this task, participants could 
pay a monetary cost to receive advance information about the likelihood of receiving reward in a 
lottery at the end of each trial. Importantly, acquiring information did not alter reward 
probability, which was known to participants. Behavioural results showed that participants were 
willing to incur considerable monetary costs to acquire early but payoff-irrelevant information. 
Analysis of the event-related potential elicited by informative cues revealed that the feedback-
related negativity (FRN), a component strongly linked to reward processing, encoded an 
information prediction error. Crucially, encoding of the information prediction error was 
orthogonal to encoding of a reward prediction error, which was also reflected in FRN amplitude. 
These findings suggest that information may represent a distinct dimension of valuation in 
decision making under uncertainty, and that information seeking might result from intrinsic 
valuation of information within neural reward-processing circuits. 
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Abstract: Subjective opinion plays a critical role in many social, political and legal arenas, yet 
they can also dramatically differ between individuals even when observing the same precise 
situation or scene. How subjective opinions computed by neurons in the human brain is 
unknown. Here, we investigated neural correlate of subjective opinion in patients undergoing 
planned neurosurgery by recording from single units in the dorsolateral prefrontal cortex 
(dlPFC). During recordings, the participants were presented with visual stimuli of seven different 
real-world scenes, and were asked to render judgments about them. Our data from a total of 134 
dlPFC neurons indicated that many neurons in the dorsal lateral prefrontal cortex (dLPFC) 
closely tracked the subjective opinions of the participants. Whereas certain neurons displayed 
responses that shifted when transitioning from one opinion to another, other neurons displayed 
responses that preferentially signaled their ‘tipping-point’ or equipoise. When grouped together, 
these neuronal populations provided a remarkably accurate account of an individual’s voting 
profile. They were also predictive of their upcoming selections within less than a second after the 
scenes were presented. These findings identify a set of basic rules by which subjective opinions 
are encoded by neurons in the human dlPFC, and may help explain how humans make rapid 
decisions under conditions in which there are no explicit rules to guide their selections. 
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Abstract: How do we decide what to know and when to remain ignorant? Knowledge about the 
world is vital for informing our choice of actions. Moreover, knowledge can have an intrinsic 
value: humans and animals exhibit a strong preference to seek information even when that 
information cannot be used to guide action. Yet, the mechanisms underlying information seeking 
in humans are largely unknown. Here, we characterize the neural basis and computational 
principles of how people decide what to know. We show that the decision to receive information 
is driven both by the resolution of uncertainty and the likelihood of receiving good news. 
Participants were more eager to know about outcomes with higher expected value, a strong effect 
that was also modulated by outcome uncertainty. We identify two sets of Information Prediction 
Errors (IPE) in the human brain, which represented these two motives. One set of IPEs were 
independent of expectations of reward and loss (in OFC/vmPFC) and the other (in ventral 
striatum) were modulated by such outcome expectations. Our results identify the components 
that give rise to information seeking decisions and their respective encoding in the human brain. 
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Abstract: Choosing the ‘best’ option is not just selection of the one that is most numerous or 
physically largest, but requires that the options be converted from such physical measures of 
objective value (or count) to subjective measures of worth. Here, we demonstrate that the 
information necessary to perform this value-to-utility transformation is encoded within the the 
dorsal anterior midcingulate cortex (daMCC), using a highly specific computational model (a 



270-point fit, with 15 trials per point). Specifically, for each value, enhanced daMCC activation 
results in reduced subjective valuation (SV), diminished activation with enhanced SV, and 
baseline activation with non-modulated SV. 
Analyses were performed in a within-study replication design, with initial analyses focused on 
the gains domain and replication in the losses domain. Participants (N=30) chose between certain 
and gamble options with varied absolute value and probability (Kurnianingsih et al., 2015). The 
value-to-utility transformation of each participant was quantified using a standard measure of 
risk preference (alpha). Participants were on-average risk averse in the gains domain, with a wide 
range of preferences. 
To localize the brain region responsible for the value-to-utility transformation, we identified 
neural regions that encode a linear value signal whose slope is determined by the direction and 
degree of subjective valuation each individual is performing. This was accomplished through 
between-subject covariate analyses, applying individual preference values upon trial-value 
regressors (two independently tested, both demonstrated to caputre value coding within the 
ventral medial prefrontal cortex). Whole-brain analyses localized this information to a single 
cluster of voxels within the daMCC, which replicated in the losses domain. Post-hoc ROI 
analyses confirmed a zero-centered negative relationship between activation of the daMCC and 
subjective valuation. Functional connectivity analyses indicate that this region is positively 
connected with lateral prefrontal cortex and negatively connected with the nucleus accumbens, 
which we hypothesize allows the value-to-utility transformation to be ‘set’ by contextual inputs 
and modulate reward regions. 
In conclusion, we show that the daMCC encodes the information necessary to perform the value-
to-utility transformation, providing a clear computational function for the daMCC. 
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Abstract: Many of our decisions require us to tradeoff using existing information (exploitation) 
and gathering new information (exploration). Previous work has suggested that exploitative 
decisions involve the ventromedial prefrontal cortex and the ventral striatum whereas 
exploratory decisions involve the frontopolar cortex and intraparietal sulcus. While these brain 
regions help shape explore-exploit tradeoffs, it remains unclear whether such decisions are 
influenced by social context. We therefore created a social variant of a conventional 2-armed 
bandit task. On each trial, participants were first presented with a picture of their partner (a 
confederate or a computer) before choosing one of two bandits where the potential payouts (1-
100 points) varied across time according to Gaussian random walks. After selecting a bandit, 
participants were shown how many points could be won on that trial. Participants were then 
shown a screen indicating that their partner was playing an unrelated card-guessing game. Next, 
participants were asked to press a button to reveal whether their partner guessed correctly or 
incorrectly. If the partner guessed correctly, then the participant received the points; but if the 
partner guessed incorrectly, the participant did not receive the points. We found that the partner’s 
success on the previous trial increased exploitative decisions, despite being independent from the 
potential payouts of either bandit. Our preliminary neuroimaging analyses (N = 11) revealed two 
results. First, dorsal anterior cingulate cortex responses encoded the absolute extent to which the 
potential points deviated from what the participants expected (i.e., unsigned prediction errors). 
Second, ventral striatal responses to winning points depended on the type of partner, with the 
confederate partner evoking more activation to winning points compared to the computer 
partner. Taken together, our results suggest that both behaviors (i.e., tendency to exploit) and 
neural pathways (i.e., ventral striatum) underlying explore-exploit tradeoffs can be influenced by 
social context. 
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Abstract: To facilitate life in social environments, we often change our decisions and judgments 
in order to conform to the social group. However, we also value being consistent with ourselves 
by conforming to our own judgments. Social influence on our behavior has been extensively 
studied in social psychology. However, the neural mechanisms of self-conformity and self-
consistency remain unclear. In this study, we investigated the neural mechanisms underlying 
group and self-conformity in a sequential facial attractiveness-rating task with functional 
magnetic resonance imaging. One week after having given ratings of facial attractiveness in the 
scanner, participants were asked to rate the same faces again. At the second rating, participants 
were provided with the previous rating of either the “group average” or “yourself”. To convey 
these group or individual ratings to the participants, we first manipulated each participant’s 
previous ratings by splitting them into two conditions; true (same rating as their previous rating) 
or false (shift above or below their previous rating). We then randomly selected half of the 
ratings and used them as basis for the group opinion, whereas the other half was used as basis for 
the individual opinion. In line with previous research, we found that participants adjusted their 
judgments of facial attractiveness at the second rating to conform to the group opinion. 
Interestingly, participants also adjusted their judgments to conform to their own opinion stated in 
the initial ratings. Indeed, comparing group and individual conditions, participants tended to 
conform at least as much to their own ratings as to those of the normative group. In the brain, 
false group and false individual reminders triggered distinct activations. Direct comparisons 
showed stronger temporo-parietal responses for group conformity than self-conformity and 
stronger medial prefrontal and central orbitofrontal responses for self-conformity than group 
conformity. These data suggest that social conformity and self-consistency are based on different 
neural mechanisms. 
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Abstract: We are constantly asked to express our opinion. With the popularity of social 
networks, the expression of preferences can be measurable. However, it is still to be understood 
what kind of underlying process would be influencing our declared preferences. In this way, our 
goal is to elucidate what behavioral and neural parameters could be related to two common 
behaviors expressed by people in social networks: liking and sharing. The experimental design 
consisted in the visualization of a set of 10 seconds videos, each of them followed by the 
questions: (1) “How much did you like the video?”; (2) “Would you share this video with 
someone else?”; and (3) “Have you seen this video before?”. Subsequently, subjects visualized 
the whole set of videos a second time, but before the questions it was presented a feedback 
screen shown how that video was supposedly evaluated by others. During the whole experiment, 
subjects had their behavior and their electroencephalographic (EEG) parameters recorded. 
Regarding behavioral parameters, regression analysis showed that, at the populational level, 
thirds’ opinion about videos influenced strongly (p~0) participant’s evaluation. Regarding the 
‘like behavior’, the subject’s second responses statistically followed the ‘others’ (feedback) 
evaluation showing a strong social conformity effect. The feedback also affected significantly 
the ‘sharing behavior’, so, downgraded videos were less shared while upgraded videos were 
shared more times. These results show that the conformity with third part’s opinion is an 
important modulator of “liking” and “sharing” behavior. Regarding EEG data, it is still under 
analysis. 
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Title: Neural correlates of conforming behavior toward a group sharing the same preference on 
movies 

Authors: *S. LEE, D. LIM, E. SEOMOON, D. KANG, S.-P. KIM;  
UNIST, Ulsan, Korea, Republic of 

Abstract: Humans estimate the value of objects and make judgment based on it, which is often 
affected by both internal and external factors. Other’s opinion is one of the external factors that 
can change one’s decisions. Many studies have shown that individuals conform to the opinion of 
a reference group such as public, experts or peers, driven by a desire to belong to the reference 
group. In line with the previous studies, we aimed to investigate how individuals conform to a 
reference group sharing the same preference for movies that they frequently consume in daily 
life. Also, we aimed to examine neural signals modulated by such conforming behavior. In the 
beginning, participants assessed a list of movies they watched before and were informed that 
they belonged to one of the four groups based on their assessments. Next, participants performed 
a series of trials in which participants were shown a movie poster and asked to evaluate how 
much they anticipated to see the movie, then were exposed to the assessment of the assigned 
reference group, and finally reevaluated the movie while seeing the same poster again. EEG 
signals were collected while participants were informed of the assessment of the reference group. 
There were two behavioral patterns when participants encountered a conflict with the reference 
group: changing evaluation toward the reference group or keeping their initial ratings. A negative 
deflection in the frontal area (Fz) peaking at 300 ms, which is known as feedback related 
negativity (FRN), was increased when participants conformed to the reference group. It reflects a 
prediction error signal in the reinforcement learning model, induced by a difference between 
expected outcome (i.e. initial rating) and obtained outcome (i.e. assessment of the reference 
group). It was shown that participants’ adjustment was bounded to the assessment of the 
reference group, indicating a possibility of the anchoring effect occurring during conformity to 
the reference group. Our findings suggests that a reference group sharing the same preference 
can lead to conforming behavior. 
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Abstract: Although research on decision-making has focused largely on choosing for oneself, in 
our daily lives we must often select options for others: for example, preparing a meal for a child 
or buying lunch for a friend. In these cases, we must take into account another’s preferences, 
even though they may differ markedly from our own. Yet, it is unclear when such attributions of 
others’ preferences emerge in the time course of choice. Here we measured participants’ brain 
activity with event-related potentials (ERP) while they made food choices for themselves and 
two partners, one with similar tastes and one with markedly different (i.e., “health-conscious”) 
preferences. Behaviorally, participants changed their weighting of taste and health attributes 
depending on the intended recipient, relying most heavily on taste for themselves and on health 
for the health-conscious partner. As seen previously, neural value signals were visible from 500 
to 650 ms after stimulus onset, and were localized to ventromedial prefrontal cortex (vmPFC), a 
brain region implicated in valuation. Neural activity differentiating decisions for oneself versus 
others emerged even earlier, from approximately 300-500 ms post-stimulus, localized to social 
cognition regions including posterior superior temporal cortex (pSTC). However, when 
individual taste and health ratings were included as covariates, early activity for oneself versus 
other was largely explained by the weighting on health information. In contrast, neural responses 
to taste emerged in the later time window associated with value, and showed no interaction with 
the intended recipient. Consistent with this idea, value-related brain activity showed a significant 
interaction of the weighting of taste and health information by the intended recipient. Whereas 
taste contributed most strongly to ERPs for oneself, health information was weighted 
increasingly with increasing partner distance (Self < Similar < Different). Together, these results 
provide novel insights into the time course of decision-making when others’ preferences are 
taken into account. 
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Title: Altered striatal activity to wins and losses of rewards in ADHD 
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Abstract: ADHD impairments are associated with altered motivation, perhaps attributable to 
altered response to rewards in this group. However, many tasks used to evaluate reward 
processing also involve cognitive control processes, also implicated in ADHD impairment. We 
employed fMRI and a Numeric Guessing Game reward paradigm to examine neural responses to 
wins and losses in youth with ADHD compared to typically developing peers (TD). 
Participants consisted of 20 ADHD (mean age 14.83 yrs) Combined subtype (significant 
symptoms of inattention and hyperactivity/impulsivity) and 20 (mean age 14.82 yrs) age and sex-
matched TD peers between the ages of 12 and 18. A Numeric Guessing Game presented 
participants with a single digit number between 0 and 9 and they were required to guess, by 
button press, if a “hidden” number was greater than or less than the presented number. The 
response period was followed by a variable “anticipation” period (2, 4 or 6 sec; avg. 4.13 sec). 
Participants were then provided feedback; a smiling face represented a correct guess and a $1 
reward and a frowning face represented an incorrect guess and a loss of 50c. An entire trial was 
followed by a jittered ITI (4,6 or 8 sec; avg. 6.13 sec). Trials were presented in 4 blocks of 15 
trials each for a total of 60 trials. 
ADHD and TD groups did not differ on age, Tanners pubertal ratings or Full scale IQ. The 
ADHD group were significantly elevated on Conners’ parent ratings of both inattention and 
hyperactivity/impulsivity (p<0.0001) compared with the TD group. AFNI preprocessed and 
analyzed the imaging data. Following the GLM, we performed a 2 (Condition; Win v Loss) x 2 
(Group; TD v ADHD) ANOVA, which examined the Group x Condition interaction, as well as 
the within group Win v Loss maps. The TD Win v Loss map revealed a number of brain regions 
including multiple regions in the striatum (caudate, putamen, lentiform nucleus), the insula, 
inferior frontal gyrus (IFG) and anterior cingulate cortex (ACC). The ADHD Win v Loss map 
revealed two regions one in the IFG and one in the ACC. The Group x Condition Interaction map 
revealed two regions in the striatum and one in the ACC. We extracted percent signal change 
values from the striatal ROIs, due to their prior importance in the reward literature and in 
ADHD. The TD group displayed greater activity in all striatal regions to wins over losses 
whereas the ADHD group displayed equivalent activity in the striatum to wins and losses (Left 
Caudate and Right lentiform nucleus). 
These results suggest a blunted response in the striatum to wins and losses in ADHD. This may 
explain why individuals with ADHD respond differently to rewards compared with their 
typically developing peers. 
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Abstract: Basic decision-making is integral for food choice. fMRI studies show that brain 
regions implicated in decision-making (e.g., reward and inhibitory control [IC]) respond to food 
cues, and increased response is associated with obesity. Thus, brain response in regions 
associated with reward and IC may underlie food-based decisions but how this relates to actual 
food intake is unknown. Previously, we found that selection of savory-fat food items (e.g., pizza, 
chips, etc.) over sweet and sweet-fat foods at a highly palatable buffet positively correlated with 
weight status. However, the neural mechanisms underlying these food-based decisions have not 
been determined. We hypothesized that increased intake of savory-fats and child body mass 
index (BMI) z-score would correlate with BOLD signal in regions associated with reward 
processing (e.g. medial prefrontal cortex [mPFC], ventral medial prefrontal cortex [vmPFC]) and 
IC (e.g. dorsolateral prefrontal cortex [dlPFC]) when anticipating food > money (Fa>Ma) 
rewards. We measured fMRI BOLD response to anticipation of food and money rewards (via a 
modified card-guessing task), BMI z-score, and ad libitum intake at a highly palatable buffet of 
savory (e.g., pizza, chips), sweet (e.g., candy), and sweet-fat (e.g., cookies) foods in 7-11-year-
old children (n=26; 42% obese/overweight). Multiple linear regressions were used to predict 
intake with independent predictors of BMI z-score and BOLD activation in the regions 
associated with reward and IC to Fa>Ma. Results showed that intake of savory-fats was positively 



predicted by BMI z-score (p=.046) and Fa>Ma BOLD signal in the mPFC (p=.019), which 
explained 33% of the total variance in intake (p=.009). vmPFC BOLD signal for Fa>Ma (p=.05) 
and BMI z-score (p=.046) positively predicted intake, explaining 28% of variance (p=.02). 
Savory-fat intake was also positively predicted by BMI z-score (p<.001) and BOLD signal to 
Fa>Ma in the left dlPFC (p=.001) (explaining 48% of total model’s variance [p=.001]) and right 
dlPFC (p=.02) (predicting 50% of the total model’s variance in intake of savory-fats [p<.001]). 
There were no relationships between the aforementioned regions and intake of the total meal, 
sweet, or sweet-fat foods. Our results suggest that anticipation of food relative to money rewards 
in brain regions implicated in reward and IC predicts intake of savory-fat foods at a buffet meal. 
Therefore, brain regions involved in decision-making may play a crucial role in overeating, 
particularly for savory items. Further investigation into the mechanisms underlying brain 
responses to rewards are driving increased food intake is needed. 

Disclosures:  S. Adise: None. A.M. Caprio: None. N.J. Roberts: None. C.N. White: 
None. C.F. Geier: None. K.L. Keller: None. 

Poster 

648. Decision Making: Information, Impulsivity, and Social Rewards 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 648.30/MMM55 

Topic: H.02. Human Cognition and Behavior 

Support: NIMH Conte Center Grant on the neurobiology of social decision-making 

 JSPS fellowship for research abroad 

Title: Elucidating the underlying components of food valuation in the human orbitofrontal cortex 

Authors: *S. SUZUKI1,2, L. CROSS3, J. P. O’DOHERTY2,3;  
1Frontier Res. Inst. for Interdisciplinary Sci., Tohoku Univ., Sendai, Japan; 2Div. of the 
Humanities and Social Sci., 3Computation and Neural Systems, Caltech, Pasadena, CA 

Abstract: The valuation of food is a fundamental component of the decision-making process 
that all humans complete on a daily basis. Consumption of high nutrient food increases the 
likelihood of survival, while consumption of low quality food is deleterious for health. A 
dysfunctional food valuation process may play a large role in the development of obesity, 
diabetes, and eating disorders. The orbitofrontal cortex (OFC) is thought to be a canonical brain 
region for food valuation. There is accumulating evidence that the OFC and adjacent medial 
frontal cortex represents information about value for various classes of goods including food. 



Also, the OFC receives direct projections from primary sensory areas involved in representation 
sensory features of food such as gustatory and olfactory cortex. Yet, little is known about how 
value of a food is computed in the OFC. Specifically, it remains elusive how the OFC computes 
a food value through integrating information about multiple nutrient factors. 
To address this issue, we scanned 24 human participants by fMRI while they reported their 
"willingness to pay" (i.e., value) for 56 food items (Task 1), followed by a behavioral task in 
which they rated subjective nutrient factors of the same set of the items (Task 2). Importantly, 
during Task 1, the participants were not aware that they would be subsequently required to rate 
nutrient factors of the items. Behaviorally, we found that subjective ratings about the four 
nutrient factors, fat, carbohydrate, vitamin and protein, predicted subjective value of the food 
items. Furthermore, multivariate analyses (MVPA) on the fMRI data revealed that information 
about food value can be decoded above chance-level from patterns of neural activity in both 
medial and lateral parts of the OFC. On the other hand, information about the nutrient factors can 
be significantly decoded from neural activity in the lateral OFC, but not in the medial OFC. 
These results may suggest that food value is computed in lateral OFC by integrating information 
about multiple nutrient factors and sent to medial OFC to guide behavior. 
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Abstract: Many cognitive abilities decline with advancing age. However, the magnitude and 
timing of cognitive changes, and their moderators, are not fully known. In this study we aimed to 
characterize sex-specific trajectories of change in cognitive performance over a 27 year follow-
up period in older community-dwelling adults, and to assess the influence of education on age-
related cognitive decline. Between 1988 and 2016, 2225 community-dwelling participants of the 



Rancho Bernardo Study (mean age 71 years, range 31-99 years at initial cognitive assessment) 
completed up to seven cognitive assessments at approximately 4 year intervals. Participants 
completed tests of global cognition, executive function, category fluency, and verbal episodic 
memory. Linear mixed effects regression models were used to define sex-specific trajectories of 
cognitive change with age, adjusting for education and retest effects. Analyses were conducted 
on the full cohort, and after excluding individuals with evidence of cognitive impairment at the 
first or last cognitive assessment. Cognitive impairment was defined as an MMSE score greater 
than two standard deviations below the sex-, age-, and education-adjusted mean, based on 
normative data from the National Alzheimer’s Coordinating Center (Shirk et al. Alzheimer's 
Research & Therapy, 2011). Significant decline was observed on all tests for both men and 
women, with acceleration in decline beginning around age 65 and increasing after age 80. Higher 
education was associated with slower decline in executive and global function for both sexes, but 
was not associated with rates of decline in category fluency or episodic memory. Although 
women performed better than men on the episodic memory test, rates of decline did not differ 
between men and women. Men were more likely than women to show cognitive impairment 
(32% vs 17%). When these 517 participants were excluded, age-related decline on all tests 
remained significant, and women showed steeper decline in executive function than men. This 
study shows that significant decline with age occurs across multiple cognitive domains in men 
and women, with men and women showing similar trajectories of decline in most domains. 
Higher education protects against age-related decline in some cognitive domains, but not in 
others. In future studies we will take advantage of the wealth of information available in this 
extremely well-characterized longitudinal cohort study to examine associations of a wide range 
of health and lifestyle variables with trajectories of cognitive change with age, and will 
investigate whether these associations differ by sex. 
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Abstract: The Apolipoprotein E (ApoE) gene is one of the strongest genetic risk factors for 
sporadic Alzheimer’s disease, with elevated disease risk for carriers of the E4 allele. However, 
there is conflicting evidence about whether E4 accelerates cognitive decline in normal aging. We 
assessed the association between ApoE genotype and age-related cognitive decline in 
community-dwelling adults from the Rancho Bernardo Study, and assessed whether E4 effects 
were modulated by sex, education and lifestyle. Tests of global cognitive function, executive 
function, verbal fluency and episodic memory were administered to 1393 adults (1087 E4-; 306 
E4+) aged 44-99 years at their initial cognitive assessment. Participants were evaluated up to 
seven times over a maximum follow-up period of 27 years between 1988 and 2016. Linear 
mixed effects models examined age-related trajectories of cognitive change, assessing the 
influence of ApoE genotype, sex, education, physical activity, alcohol consumption and 
smoking. There were no main effects of ApoE on cognitive function, but E4 carriers showed 
greater age-related decline than non-carriers on tests of executive function and verbal fluency for 
both men and women. Presence of an E4 allele in men, but not in women, was associated with 
greater age-related decline in global cognitive function. Verbal fluency decline was accelerated 
for those without a college education, but only for E4 carriers. E4 interacted with alcohol 
consumption on age-related decline in global cognitive function and memory, but did not interact 
with smoking or physical activity. These findings indicate that the E4 allele may increase risk for 
age-related decline. This risk differs between men and women, and may be modulated by 
education and alcohol consumption. 
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Abstract: Background: Large epidemiological studies suggest there are 7 main modifiable 
lifestyle factors that increase the risk of developing Alzheimer’s disease (AD): obesity, low 
education, physical inactivity, diabetes, hypertension, and depression. However, it is unknown 
whether the presence of these risk factors in cognitively normal individuals is associated with 
early changes in cognition or brain structure. The objective of this study was to create a 
composite risk factor score (RFS) and correlate it with performance on cognitive tests of 
attention, executive function, and memory in addition to brain structure across the lifespan. 
Methods: Participant data (N=379, Ages 22-85) were obtained from a cross-sectional study 
performed by the Nathan Kline Institute. The RFS was calculated as a weighted sum of these risk 
factors, with weights based on previously reported relative risk values (Barnes & Yaffe, 2011); a 
higher RFS suggested greater AD risk. RFS was correlated to performance on the following 
cognitive tests: Forward and backward digit span, DKEFS Trails A and B, and RAVLT delay 
and immediate recall. T1 MRI images were processed using voxel based morphometry. A linear 
regression analysis was performed to correlate RFS with grey matter (GM) volume, controlling 
for age. The RFS was also split at the median; a 2 sample t-test was performed to evaluate group 
differences (lower vs. higher RFS) in voxel-wise brain volume across the lifespan. A subgroup 
analysis was performed for 3 age groups: early-life (EL) (22-39), mid-life (ML) (40-64), and 
late-life (LL) (65-85). 
Results: The RFS distribution showed a slight leftward skew towards protection against AD 
across all participants. Trails A and B tests showed a positive association with RFS across all 
participants and in the LL subgroup analysis. A negative RFS association was seen with the 
forward digit span in the ML group. RFS was not significantly associated with RAVLT. Linear 
regression analysis showed negative associations between GM volume and RFS in the precuneus 
(LL), thalamus (ML), and basal ganglia (EL) (p<.001). The RFS median split analysis showed 
lower GM volume in the amygdala, medial-prefrontal area, and inferior temporal gyrus for those 
with higher RFS (LL only). 
Conclusions: Our study suggests that these modifiable AD risk factors are associated with 
cognitive function and brain volume across the lifespan, even in cognitively normal older adults. 
Lower GM volume observed in the precuneus, medial-prefrontal cortex, and inferior temporal 
cortex could indicate increased vulnerability to developing AD as these are known regions of 
beta-amyloid and tau deposition. 
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Abstract: Sleep after learning benefits memory. With advancing age, both sleep and memory 
performance undergo drastic changes. However, whether the observed age-related alterations 
result from qualitatively different mechanisms or simply reflect quantitative changes in the 
reliance on a functionally comparable neurocognitive machinery remains obscure. In the current 
study, tracing learning histories across multiple learning-test cycles allowed for close monitoring 
of the strength of individual memories. Hence, we were able to disentangle the effects of 
overnight forgetting from active enhancement of initially labile memory traces. Particularly, we 
asked whether aging differentially affects forgetting and active enhancement. To address this 
question, we analyzed data from 29 younger (YA, 16 female, M = 23.55 years, SD = 2.58) and 
36 older adults (OA, 16 female, M = 68.77 years, SD = 3.15) who completed an associative 
memory paradigm, comprising of a learning session with multiple learning-test cycles as well as 
a delayed cued-recall task on the following day. During the nights before and after learning sleep 
was monitored by ambulatory polysomnography (PSG). We focused on the distribution of sleep 
stages as well as the occurrence of sleep spindles and slow wave activity (SWA) during non-
rapid eye movement (NREM) sleep. While overnight memory enhancement was comparable 
across age-groups, forgetting was more pronounced in OA. Despite altered sleep architecture in 
OA, there were no age differences in the association between sleep physiology and memory 
performance. Crucially, SWA and the occurrence of sleep spindles were related to overnight 
forgetting across the whole sample. Reduced SWA and spindle density in the elderly were 
paralleled by decreased overnight memory retention, most prominently expressed for pairs of 
poor memory strength. Contrary, no reliable association between memory enhancement and 



measures of sleep physiology could be detected. The present findings suggest two distinct 
consolidation mechanisms that differ with regard to their relation with sleep and aging. Our 
results underpin the idea that functionally similar mechanisms underlie the consolidation of 
episodic memories in both younger and older adults. Specifically, slow oscillations and sleep 
spindles during NREM sleep counteract overnight forgetting. The reduction of SWA and sleep 
spindles in OA likely impedes the reactivation of memory traces during sleep and their 
redistribution to the brain’s long-term store in the neocortex. Hence, while overnight memory 
retention in the elderly is impaired, memory enhancement remains spared from aging. 
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Abstract: Increased hippocampal activation in the context of impaired memory function is 
considered a characteristic feature of the amnestic mild cognitive impairment (aMCI) phase of 
Alzheimer’s disease. However, the entorhinal cortex, which serves as the primary relay for both 
input and output to and from the hippocampus, is the site of the earliest pathological changes 
including neuronal, synaptic and volume loss. Specifically, the lateral entorhinal cortex is also 
the site of significant accumulation of tau neurofibrillary tangles early in the disease progression. 
To assess whether functional changes can be observed in the lateral and medial entorhinal cortex 
in patients with aMCI, 37 healthy older adults and 42 patients with aMCI completed a forced 



choice memory task designed to tax medial temporal lobe memory function while completing a 
high-resolution functional magnetic resonance imaging (fMRI) scan. Consistent with their 
diagnosis and previous studies, patients with aMCI showed a significant memory impairment 
compared to age-matched healthy control subjects as well as increased hippocampal activation. 
In this context, patients with aMCI also showed significantly decreased activation in both the left 
and right entorhinal cortex. The observed hypoactivation was localized to the lateral entorhinal 
cortex and was not observed in the medial entorhinal cortex. Decreased activation in the left 
lateral entorhinal cortex was correlated with poorer performance on the memory task in patients 
with aMCI. Finally, the volume of both the left and right lateral entorhinal cortex was 
significantly reduced in patients with aMCI compared to healthy control subjects while no 
volume differences between the groups were observed in the medial entorhinal cortex. These 
results show that, consistent with the locus of early disease related pathology, decreased 
activation and reduced volume in the lateral entorhinal cortex is observed in patients with aMCI 
and is associated with impaired memory function in these patients. 
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Abstract: Healthy aging has been associated with a greater prevalence of vascular risk factors, 
such as hypertension and increased cerebral white matter hyperintensity (WMH) burden. We 
sought to investigate whether hypertension status and WMH volume would differentially affect 
regional white matter integrity in a sample of 48 neurologically healthy community dwelling 
older adults, 70-89 years of age, with treated hypertension (N = 25) and without hypertension 
diagnosis or treatment (N = 23). Groups were matched in age, gender, and education. MRI scans 
were acquired at 3T, including a volumetric T1, T2 FLAIR, and diffusion-weighted imaging. 
The volumes of WMHs were computed with a multispectral, automated lesion segmentation 
method to produce probability maps using Statistical Parametric Mapping (SPM12) and the 
lesion segmentation toolbox (LST; Schmidt et al., 2012). Diffusion-weighted MR images were 
processed using TRACULA with Freesurfer, which performs automated probabilistic 
tractography and generates estimates of fractional anisotropy (FA) and mean diffusivity (MD) 
for major white-matter pathways (Yendiki et al., 2011). The results indicated that hypertension 
status, but not WMH volume, was significantly related to FA in the forceps minor (p < 0.001) 
and to MD in the forceps major and minor (p’s < 0.001). Additionally, WMH volume, but not 
hypertension status, was significantly associated with FA in the left superior longitudinal 
fasciculus parietal bundle, right cingulum-angular bundle, and right uncinate fasciculus (0.021 ≤ 
p ≤ 0.049). WMH volume was significantly associated with MD in the left inferior longitudinal 
fasciculus (p < 0.01). There were no interaction effects of hypertension status and WMH volume 
on the white matter diffusion measures. Together, these findings suggest that vascular risk 
factors common in healthy aging may have a differential regional impact on white matter 
integrity in older adults. Further research is needed to evaluate the longitudinal effect of these 
vascular factors on metrics of white matter integrity and on cognition in the context of healthy 
cognitive aging. 
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Abstract: During healthy aging, inhibitory processing is affected at sensorial, perceptual and 
cognitive levels. Decay in inhibitory efficiency contributes to performance decline in elderly 
adults observed in tasks requiring selective attention, working memory or sustained attention. 
Moreover, patients with mild cognitive impairment (MCI) frequently show an even more 
diminished control of the inhibitory processing. The Stroop task during Event Related Potentials 
(ERP) has been used to study age-related decline in the efficiency of inhibitory processes. The 
magnitude of the Stroop effect increases in late adulthood. Studies using ERP have found that the 
N500 amplitude is attenuated in healthy elderly adults as compared to young adults. However, 
inhibitory processing in older adults at the preclinical stages of cognitive decline has not yet been 
assessed. An excess of theta activity, as evaluated by normative Quantitative 
Electroencephalography (QEEG), is an excellent predictor of cognitive deterioration during 
aging; which enables the assessment of inhibitory processing years before the appearance of 
cognitive decline. The aim of this study was to evaluate inhibitory processing in older adults with 
excess theta Absolute Power as compared to older adults with normal EEG activity. ERP were 
recorded while subjects performed a counting Stroop task. We found that N500 amplitude was 
significantly reduced in older adults with excess theta. However, there were not differences in 
the number of correct answers or in response latency. Previous studies showed that reduced 
N500 amplitude over the midline frontocentral region during interference trials co-occurs with 
age-related inhibitory-processing decline. Thus, our results suggest that subjects with excess of 
theta EEG activity, exhibit electrophysiologically differences in inhibitory attentional processing, 
as evidenced by ERP. Though these results were not confirmed by behavioral assessment, the 
electrophysiological differences suggest hidden deterioration of inhibitory processing in subjects 
at preclinical stages of cognitive decline, which is consistent with previous findings of 
inhibitory-processing deterioration in MCI and dementia patients. Acknowledgements: Héctor 
Belmont, Lourdes Lara, Leonor Casanova, PAPIIT (IN225414) and CONACYT (registry no. 
245313). 
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Abstract: The memory of our personal experiences is referred to as episodic memory. Personal 
memories include the event and contextual details, as the moment, place and the emotional state 
of the individual. The ability to retrieve contextual details declines gradually with advancing age, 
whereas the ability to remember the event without contextual information is almost unaffected in 
old age. The former is termed as recollection and the latter as familiarity. Several regions 
exhibited greater activity in young adults than in old adults during the recollection of episodic 
information. However, less is known about how the interaction among these regions accounts for 
the decline of recollection in old age. Twenty-two young adults and 22 old adults participated in 
the study. Functional magnetic resonance imaging (fMRI) data were recorded while participants 
performed a spatial source memory task. FMRI data were analyzed using dynamic causal 
modeling (DCM) to examine neural connectivity during successful and unsuccessful spatial 
source memory retrieval. DCM analyses were conducted in brain regions that showed significant 
activity differences between age groups in the contrast between correct versus incorrect source 
judgments. Only brain activity in regions from the left hemisphere was analyzed. Effective 
connectivity between the hippocampus and the middle frontal gyrus was reduced in old adults 
relative to young adults during source retrieval. The results suggest that age effects on 
recollection cannot be attributed only to local under-recruitment activity but also to a less 
functional network. 
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Abstract: White matter (WM) microstructural integrity assessed with diffusion weighted 
imaging is diminished in the context of healthy aging. Such age effects have often shown an 
anterior-posterior gradient and may be influenced by vascular risk factors such as hypertension. 
The aim of this study was to investigate regional differences in WM integrity measured by 
fractional anisotropy (FA) and mean diffusivity (MD) in a healthy sample of community 
dwelling older adults, ranging in age from 50 to 89 years. The study sample comprised 74 
healthy older adults divided into four age groups (50-59, 60-69, 70-79 and 80-89 years). Only 
neurologically healthy participants without a clinical diagnosis of diabetes or hypertension were 
included. T1-weighted and diffusion weighted images were acquired at 3T and processed using 
FreeSurfer (Fischl et al., 2004a) and TRACULA (Yendiki et al., 2011), to create individual 
ROIs, perform probabilistic tractography, and compute regional values of FA and MD for 18 
major WM tracts. The diffusion metrics were tested using ANCOVA with age as the between 
group factor and total cortical WM volume as a covariate. The results showed that FA decreased 
with age bilaterally in the anterior thalamic radiation (ATR, 0.011 ≤ p ≤ 0.021), and the left 
temporal and parietal branches of the superior longitudinal fasciculus (SLFT, p = 0.005; SLFP, p 
= 0.05). MD demonstrated age-related increases bilaterally in the ATR (0.003 ≤ p ≤ 0.014), 
cingulum angular bundles (0.002 ≤ p ≤ 0.042), inferior longitudinal fasciculus (0.001 ≤ p 
≤0.006), uncinate fasciculus (0.0003 ≤ p ≤ 0.001), and the right SLFT (p = 0.043). Pairwise 
comparisons of FA and MD in these tracts showed varying patterns of age group differences that 
differed between the two diffusion metrics. These results demonstrate that measures of WM 
microstructure assessed by FA and MD differ by age group, for select tracts, as well as by which 



specific age groups are most affected. Together these findings suggest that measures of 
diffusivity (MD) and microstructural organization (FA) may show differences in their ability to 
detect age-related WM integrity changes among healthy older adults. 
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Abstract: INTRODUCTION: Different measures of cortical morphology have been shown to 
index distinct aspects of inter-individual differences (e.g., volume, thickness, surface area, 
gyrification). Here we consider the additional measure of structural complexity, as quantified by 
fractal dimensionality. Using several open-access MRI datasets, providing a combined sample of 
over 2000 adults across the adult lifespan, we examined the relationship between fractal 
dimensionality and other extant measures of brain morphology. We additionally examine the 
relationship between each measure and age-related differences in brain morphology. In a 
separate set of analyses we further examine the test-retest reliability of each measure using 
datasets where participants were scanned multiple times within a short period, either on the same 
scanner or at a different site (i.e., travelling subjects). METHODS: Common measures of cortical 
and subcortical structure were measured using FreeSurfer. We additionally calculated the fractal 
dimensionality of these cortical and subcortical structures using the calcFD toolbox, which we 
recently developed and freely distribute (http://cmadan.github.io/calcFD/). RESULTS: With 
respect to cortical structure, we found that fractal dimensionality captured more age-related 
differences in morphology than either cortical thickness or gyrification (see Madan & Kensinger, 
2016, NeuroImage). Additionally, all measures have high test-retest reliability. Age-related 
differences in subcortical structures was explained better by fractal dimensionality than 
differences in volume (ICV-corrected). Complexity of ventricular structures was not improved 



relative to volume differences, suggesting that the measure may only be indicative of more 
meaningful age-related differences in neuroanatomical structure. DISCUSSION: When 
examining the relationship between brain morphology and inter-individual differences, it is 
important to consider the most appropriate measure. For instance, it has been established that 
age-related differences are reflected most in cortical thickness, rather than surface area or 
volume. Here we found that fractal dimensionality, which incorporates shape-related properties, 
to be a more sensitive measure of age-related differences in cortical and subcortical structures. 
However, it is important to consider that more age-related variability explained may not be 
necessarily be desired, as this leaves less variance available to be related to other factors, e.g., 
performance on cognitive measures, so extant measures may still be a preferable depending on 
the research question. 
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Abstract: It is well-known that aging is associated with differences in cognitive performance 
among community-dwelling older adults, with executive function, memory, and processing 
speed often preferentially affected. Physical activity is one factor that may have an important 
role in influencing observed individual differences in cognitive aging. We sought to determine 
whether higher levels of self-reported physical sport activity is associated with better 



performance on those measures of cognitive function often affected by healthy aging. In a 
sample of community-dwelling, neurologically healthy older adults, self-report ratings of 
physical sport activity were obtained from 202 participants ages 50-89 years (mean ± SD = 70.24 
± 10.5 years). Subjects who reported a high level of sport activity (n=38) were compared to those 
who reported a low level of sport activity (n=164). The groups did not differ in age and years of 
education. Regression was used to test the effects of age, physical activity, and their interaction. 
Results revealed significant main effects for age across all domains (p’s < 0.0001), but not for 
physical activity (p’s > 0.282). Significant age by physical activity interactions were observed 
for measures of executive function (WAIS-IV Matrix Reasoning, Stroop Word-Color 
Interference, and Trails-B; 0.004 < p < 0.032), memory (Rey Complex Figure Test-Delay Recall; 
p = 0.039), processing speed (Finger Tapping (non-dominant hand); p = 0.02), visuospatial 
function (WAIS-IV Block Design; p = 0.006) and language (WAIS-Similarities; p = 0.017). 
These effects remained significant after controlling for hypertension status. The older adult 
group (72-89 years) with high physical activity performed better than those with low physical 
activity. In addition, the older adult group with high physical activity performed better than, or 
comparable to, the younger adult group (50-71 years) with high physical activity. These findings 
suggest that engagement in high levels of sport activity may be an important element for 
maintaining cognitive abilities in old age. 
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Abstract: Computerized cognitive training is becoming increasingly popular and practical, 
holding promise for both patients and healthy individuals. Nevertheless, basic questions remain 
about the real-world benefit of such programs and the degree to which participant expectations 
might influence training effects. Here we examined: i) the feasibility of a 5-week computerized 



cognitive training intervention in healthy older adults; and ii) the potential effects of participant 
expectations on performance during training. Participants were 91 healthy older adults 59-91 
years of age (M = 68.88, SD = 6.32; 69 women) randomly assigned to complete either the 
intervention or an active control program. The intervention, a pirate-themed web program called 
Activate, comprised adaptive computer games previously shown to improve scholastic 
performance in children with impulse-control impairments as well as reduce depressive 
symptoms and executive dysfunction in patients with geriatric depression. Participants in the 
Activate intervention completed a series of games designed to improve functions such as 
working memory, attentional control, pattern completion, and category sorting. The control 
program comprised non-adaptive computer games with no unifying theme (Sudoku and single n-
back working memory exercises), which have little evidence for improving cognitive function, 
despite popular conceptions. We further randomized half of the participants in each group to 
receive information implying either high or low effectiveness of cognitive training, to manipulate 
their expectations of outcomes at the outset of the program. The intervention was feasible in 
healthy older adults, with 97% of participants completing the program. Moreover, participants 
provided positive feedback and reported that they would recommend the program, regardless of 
experimental condition (75/85 = 88%; Χ2 = 2.59, ns). Analyses of performance on Activate 
revealed a trend towards greater improvement over the course of training by participants 
assigned to the high expectations subgroup; this trend reached significance in one of the four 
game types (F(4 , 152) = 3.54, p = 0.009, η2 = 0.085). In contrast, we found little difference in the 
training patterns of those in the high versus low expectations control group. Our results suggest 
that the present cognitive training intervention is feasible, engaging, and enjoyable, but that high 
expectations at the outset may facilitate greater improvement during the course of training. 
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Abstract: Aging is associated with reduced cognitive flexibility and dysregulation of dopamine, 
including elevated dopamine synthesis capacity in dorsal caudate nucleus (DCA) relative to 
young adults measured by 6[18F]fluoro-L-m-tyrosine (FMT) PET. FMT is a measure of 
dopamine synthesis capacity similar to FDOPA, and is quantified as net tracer influx (Ki). Our 
previous research in young and older adults revealed an inverted U-shaped relationship between 
cognitive flexibility and DCA FMT Ki, such that extreme high Ki in older adults and extreme 
low Ki in young adults was associated with reduced flexibility indexed as larger behavioral 
switch cost. The influence of DCA dopamine on switch cost may be mediated by its modulation 
of activity within the fronto-striatal-thalamic loops supporting cognitive flexibility. Here we 
tested the hypothesis that non-optimal DCA FMT Ki is associated with disrupted functional 
connectivity during task switching in young (n = 21, mean age = 23.8) and older (n = 15, mean 
age = 77.4) adults. Specifically, we used fMRI and psychophysiological interaction analyses to 
measure task-related increases in DCA connectivity during switch trials, and examined its 
relationship with switch cost and DCA FMT Ki. A priori region of interest analyses revealed that 
stronger task-related connectivity between DCA and left inferior frontal gyrus was related to 
smaller switch cost (r = -.45, p < .01). Evaluation of the relationship between dopamine and 
connectivity strength revealed a significant FMT x connectivity x age interaction (F(1,32) = 4.82, 
p < .05) such that high Ki in the older adult group and low Ki in the young adult group was 
associated with reduced fronto-DCA connectivity. Complementing these findings, exploratory 
voxel-wise regression analysis revealed that increased DCA-thalamic connectivity was also 
related to smaller switch cost. Likewise, analysis of DCA-thalamic connectivity demonstrated a 
significant FMT x connectivity x age interaction (F(1,32) = 5.62, p < .05) such that high Ki in 
older adults and low Ki in young adults was associated with reduced DCA-thalamic connectivity. 
Together, these data provide evidence that cognitive flexibility is supported by fronto-striatal-
thalamic connectivity, and that connectivity within this circuit is acutely sensitive to DCA 
dopamine function. We suggest that age-related declines in flexibility are mediated by the effect 
of dysregulated dopamine on the tuning of striatal circuits. 
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Title: Multitasking of young and older adults in ecologically valid scenarios- the association 
with executive functions 

Authors: *C. JANOUCH1, U. DRESCHER2, O. L. BOCK2, C. VOELCKER-REHAGE1;  
1Sports Psychology (Rehabilitation and Prevention), Univ. of Technol. Chemnitz, Chemnitz, 
Germany; 2German Sports Univ. Cologne, Cologne, Germany 

Abstract: Many daily and sports activities rely on our ability to perform multiple motor and 
cognitive tasks concurrently, e.g., when driving a car while using the car’s navigation system. 
Multitasking skills have been shown to decrease with advancing age (e.g., Verhaegen et al., 
2003). The underlying mechanisms and interplay between cognitive and motor decline are, 
however, still unclear. It is proposed that executive functions (EF) might contribute towards 
multitasking, particularly in old age (Baddeley, 1986). Thus, first, we investigated the 
association between the partitioned EF systems’ components (task switching, memory updating, 
response inhibition (Miyake et al., 2000) and dual-tasking (Strobach et al., 2014)) and the 
performance in multitasking situations. Moreover, performance in laboratory settings seems to 
differ from performance in everyday life (Bock & Züll, 2013). Thus, we further aimed to 
investigate age-related differences in multitasking performance in realistic (virtual) scenarios, 
namely driving and street crossing. Therefore, executive functions of young (20-30 years) and 
older (65-75 years) adults are assessed with standardized laboratory tests (updating: spatial n-
back task; inhibition: Simon task; task shifting: Geometric figure task; dual-tasking: visual 
tracking task with tone recognition). Multitasking skills in natural scenarios are assessed by use 
of two virtual-reality (VR) tasks (simulated street crossing and car driving) combined with a 
battery of realistic (cognitive) loading tasks that draw on participants’ working memory, 
reasoning and manual skills. Data are currently collected. We expect typical age-related 
differences in multitasking performance between young and older adults. Age-related differences 
in the influence of EF on multitasking performance (street crossing and driving task) are 
analyzed by regression analysis. We expect a moderate effect of EF on multitasking scores in the 
two VR scenarios. This effect should be stronger for older than for young participants, due to the 
age-related increase of cross-domain associations (Baltes & Lindenberger, 1997). The 
understanding of age-related decline in multitasking and the potential contribution of EFs will 
contribute to develop optimal training programs to improve multitasking performance, 
particularly in older adults. 
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Title: Body mass index is associated with white matter changes and executive functions among 
healthy elderly 
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Abstract: Obesity is often discussed as being associated with primary and secondary changes in 
brain structure and cognition. However, previous studies yielded controversial results, especially 
with regard to white matter (WM) changes that might be due to differences in sample size, age, 
sex, and body mass index (BMI) between studies. Therefore, we aimed to assess the effect of 
BMI on WM microstructure and cognition using diffusion tensor imaging (DTI) in a large, well-
characterized population-based sample of healthy older adults. 
Analyses were conducted in 586 participants of the LIFE-cohort in Leipzig, Germany (48% 
females, 60-80 years, BMI 16.81-38.56 kg/m2) who underwent DTI neuroimaging at 3T and 
neurocognitive testing. Voxelwise statistical analysis of fractional anisotropy (FA) as a measure 
of WM fiber tract orientation and density, was carried out using Tract-Based Spatial Statistics 
(TBSS) implemented in FSL (www.fmrib.ox.ac.uk/fsl/). Associations between BMI and WM 
tracts were conducted based on permutation tests adjusting for confounders (age, sex and WM 
hyperintensities). Potential associations with cognitive performance were assessed using partial 
correlations and mediation analyses controlled for age, sex, and education. 
A significant negative correlation between higher BMI and lower FA was observed in 



widespread areas including the entire corpus callosum (CC), corona radiata (CR) and internal 
capsule (IC) (p<0.05, FWE-corrected). FA of a BMI-associated cluster in the anterior CC was 
negatively correlated with BMI (r=-0.205, p<0.01), whereas it was positively correlated with 
executive functions (r=0.101, p<0.05). On the other hand, a higher BMI was correlated with 
lower scores of executive functions (r=-0.089, p<0.05). Preliminary mediation results indicated 
that lower executive functions would translate into lower FA via increasing BMI (ab = 0.019, 
|BBCI| > 0), and that BMI would again have a negative contribution to executive functions via its 
negative effect on FA (ab = -0.019, |BBCI| > 0). 
In this large cross-sectional study we found that obesity, independent from confunders, was 
associated with reduced WM fiber tract orientation or density in areas including the CC, CR, and 
IC in healthy elderly individuals. Moreover, our findings indicate a possible role for WM 
dysfunction in a presumably vicious circle of lower executive functions contributing to higher 
BMI which in turn provokes regional WM changes, which again contribute to poorer executive 
functions. Future longitudinal studies are needed to further support this hypothesis and to 
identify possible underlying mechanisms. 
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Abstract: Aging is associated with regionally specific decreases in cortical thickness and 
subcortical brain volume in healthy individuals. Cognitive aging and to a lesser extent, structural 



brain aging have been demonstrated to be partly under genetic control. One common specific 
genetic polymorphism frequently associated with cognitive performance is the COMT 
Val158Met polymorphism (COMT). Individuals with the Val/Val genotype demonstrate lower 
prefrontal dopamine availability coupled with less efficient neural processing. Given the effects 
of age on brain structure in the dopaminergic pathways, we investigated the influence of COMT 
polymorphism on cortical thickness and subcortical volume in a priori determined regions of 
interest (ROIs) in frontal, parietal, cingulate, and subcortical areas. We further tested the 
resource modulation hypothesis, whereby aging is hypothesized to magnify modulation of 
genetic effects on brain integrity. Our sample consisted of 158 healthy participants across the 
lifespan for which MRI and COMT genotype data were collected (aged 20-94; Met/Met n=38, 
Val/Met n=77, Val/Val n=43). FreeSurfer pipeline with manual edits was used to extract cortical 
thickness and subcortical volume measures. Results indicated significant main effects of COMT 
genotype beyond the effects of age: we observed significantly thinner cortex for the Val/Val 
compared to Met/Met group in dorsolateral prefrontal cortex (inferior frontal, middle frontal, 
superior frontal gyri). Additionally, posterior (but not anterior) cingulate gyrus was thinner for 
the Val/Met compared to Met/Met group. We found no effect of COMT for orbitofrontal or 
parietal regions. Effects of COMT on subcortical structures ranged from small but significant 
(caudate, putamen) to trend-level (accumbens). Thus, individuals with suspected lower prefrontal 
dopamine availability (Val carriers), have thinner cortex and smaller subcortical structures 
selectively in regions associated with dopaminergic pathways in the human brain. Contrasting 
the resource modulation hypothesis, in our lifespan sample, we found no magnified modulation 
of brain integrity with age (i.e., Age x COMT interactions); we find the effect of COMT to be 
present at any point in the adult lifespan, and not limited to elderly populations. 
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Abstract: With advanced age, once largely automated movements like simple walking can 
become a challenging task that requires increased attention. Age-related deficits in mobility and 
sensory processing have to be corrected and possibly compensated by enhanced concentration 
and cognitive control. But even if an compensatory strategies lead to a more stable gait, the 
necessary cognitive resources might not be available. Thus, efficient and safe movement 
execution is more likely to interfere with simultaneously executed secondary tasks competing for 
cognitive resources. Little is known about the neural processes that are associated with the 
cognitive demands resulting from gait and posture and how these influences develop throughout 
adulthood. This is due to the limitations of traditional brain imaging techniques and the involved 
difficulties to record data in realistic test situations that include human locomotion. However, 
recent Mobile Brain-Body Imaging (MoBI) approaches provide feasible techniques to measure 
and analyze electroencephalography (EEG-) data recorded during normal movement executions. 
The present MoBI-study was conducted to identify and model the brain dynamics processes 
accompanying compensation of age-related declines in mobility and sensory processing during 
dual-task walking. A dual task methodology was used to measure performances variations in a 
visual detection task and to analyze the accompanying neural processes across three different 
primary motor task conditions. Two groups of younger (n = 15; age range: 19 - 31 years) and 
older (n = 15; age range: 69 - 80 years) adults participated in three different motor task set-ups: 
siting, walking, standing. They were asked to manually respond to randomly presented short 
visual stimuli from three different peripheral presentation angels (20°, 40° and 60° from the 
central field of view). EEG-data were recorded continuously with a 64-channel mobile set-up. A 
standard stimulus-locked event-related potential (ERP) analysis revealed two main findings. 
Differences in the P300-characteristic for the variation of the visual stimulation angle and motor 
task condition were found for both age groups. In addition, age-dependent variations in the P300 
feature became prominent. These results implicate an age-related modulation of visual 
perception processes that vary systematically with the difficulty in the primary motor task. 
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Title: Age-related differences in manual dexterity and their association with executive functions, 
grip strength, and finger tapping. 
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Abstract: Aging is associated with declines in cognitive and motor functions, among these, 
declines in manual dexterity are central as dexterity is one of the most important skills in daily 
activities. Detailed kinematic analyses of age-related differences in dexterity are scarce and a 
better understanding of the contribution of cognitive functions to its decline is needed. 
Objectives: a) to describe age-related kinematic differences in dexterity performance; b) to assess 
the relationship between dexterity, cognition, and neuromuscular hand function. 
Methods: Participants were 45 young and 55 older adults, all right-handed. Dexterity 
performance was assessed with two subtasks of the Purdue Pegboard Test: inserting pins with the 
right hand, and inserting pins with the left hand. Movements analyzed were reaching, grasping, 
transporting, and inserting. The kinematic measures for each movement were path length, mean 
and peak linear and angular velocities, angles, and their coefficients of variability. The 
neuropsychological tests were Stroop Color-Word Test, Trail Making Test, Logical Memory, 
Digit Span, Grip Strength, and Finger Tapping Test. 
Results: In the right-hand task older adults had lower angular and linear velocities and lower 
variability in angular and linear velocities during grasping and transport, but higher linear and 
angular velocities and their variability during inserting. The left-hand task results were similar, 
but in addition, older adults had lower linear and angular velocities and more variability in 
velocities during reaching, as well as larger angle and longer path length during transport. The 
largest differences were in path lengths during grasping and inserting, with older adults showing 
considerably longer path lengths in both tasks. Grasping path lengths in both tasks were 
significantly predicted by tests of executive function, grip strength, and finger tapping speed. 
Conclusions: The more pronounced kinematic differences in the left-hand task indicate that even 
the relatively simple task of inserting pins is more difficult for older adults when performed with 
the non-dominant hand. Compared to the young group, older adults were slower in all 
movements except inserting. Higher velocities in the older group during inserting might be due 
to making more corrective movements. Older adults were also less precise in all movements, as 
indicated by longer path lengths. Executive function, grip strength and finger tapping were 
significant predictors of precision during grasping. 
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Abstract: Episodic memory performance declines with age, as do estimates of regional brain 
structures. Using fMRI, we have previously reported that encoding-related functional activity in 
the inferior frontal gyrus (IFG) and hippocampus, and retrieval-related activity in the 
hippocampus, predict associative memory performance across a sample of older individuals 
(N=62, aged ca. 65-75 yrs.). Here we examined whether structural measures of these same brain 
regions explain additional variance in memory performance. Participants were scanned both 
while they encoded a series of word pairs and, subsequently, while performing an associative 
recognition task (discriminating between ‘intact’, ‘rearranged’, and ‘new’ pairs). Associative 
recognition accuracy (pR) was indexed by the difference between the proportions of intact pairs 
judged intact, and rearranged pairs wrongly judged intact. fMRI subsequent memory effects 
(intact study pairs later judged intact > intact pairs later wrongly judged rearranged) were 
estimated for bilateral IFG and left hippocampus, and fMRI recollection effects (intact test pairs 
judged intact > intact pairs judged rearranged) were obtained for bilateral hippocampus. Volume 
and thickness of the IFG were obtained by a semi-automated method, whereas hippocampal 
volumes were measured manually. Together, the three functional measures accounted for 
approximately 33% of the variance in pR across the 62 older subjects (adjusted R2 = .337, p < 
.001). Including hippocampal volume and either left IFG thickness or volume to the regression 
model did not improve its fit. By contrast, each of these measures of the right IFG significantly 
improved the fit of the model, but without reducing the contributions of the functional variables 
(e.g. for right IFG thickness, adjusted R2 = .413). Whereas none of the functional variables, or 
hippocampal volume, varied according to age (maximum r = -.163, n.s., controlling for 
performance), left and right IFG volume and thickness were highly age-sensitive (minimum r = -
.535, p < .001). These findings indicate that functional and structural measures can dissociate 
with respect to their sensitivity to individual differences in memory performance and 
chronological age. This research was funded by NIH Grant 1R01AG039103. 
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Abstract: Whilst cognitive decline is common in old age, some older adults retain intact 
cognitive abilities, but the neural basis of this is unclear. We report preliminary direct evidence 
for individual differences in the neural mechanisms of superior cognitive ageing. Using 
literature-based brain metrics in a data-driven approach, individuals were classified as 
maintainers ('youthful' brain structure & function), adapters (reduced structure & increased 
function), or decliners (reduced structure & function) relative to younger adults. Cross-sectional 
(CS) cognitive data were compared between classified groups. Longitudinal (L) cognitive data 
were analysed to test whether CS differences in cognition reflect different rates of decline, or 
lifelong differences between groups. Group differences in diffusion (DTI) imaging measures of 
white matter (WM) integrity were tested, as intact WM may allow adapters to recruit additional 
functional resources. 
Methods: 354 healthy older adults from the Whitehall II imaging sub-study, with L cognitive 
data from 1997-2013, recently completed an MRI scan (T1, DTI, fMRI) and further CS cognitive 



tests. Classification: For each subject, grey matter (GM) volume and resting state functional 
connectivity (FC) were extracted from regions affected by age in an independent sample of old 
vs. young adults (27 vs. 27), and classified relative to the mean and standard deviation GM and 
FC in young adults, resulting in 118 maintainers, 56 adapters, and 47 decliners. Cognition: CS 
and L cognition was compared between groups using ANOVA. DTI: Fractional anisotropy (FA) 
maps were compared between groups using tract-based spatial statistics (FWE-corrected at 
p<0.05). 
Results: Cognition: CS performance was significantly better in both maintainers and adapters, 
vs. decliners. Decline was observed on all L measures, except vocabulary, but there were no 
between group differences in amount of decline. Decliners performed worse across L time points 
on short term memory and MMSE. DTI: There were no group differences in FA after 
thresholding. 
Conclusion: Better cognitive scores in maintainers and adapters suggest some cognitively 
superior older adults may adapt to structural decline by engaging additional functional resources, 
whilst others maintain relatively 'youthful' brains, although no group difference in cognitive 
decline suggests decliners poorer performance may reflect a lifelong difference, rather than a 
different trajectory of decline. Statistical modelling may provide more sensitive estimates of 
cognitive trajectories for these groups. Analysis of other WM metrics (e.g. mean diffusivity) may 
expand on current findings. 
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Abstract: Background: Theory of Mind (ToM) is an essential human quality that enables 
successful social interactions. The perception of social cues and their relation to another person’s 
mental state enables individuals to predict behavior and react properly. As affective information 
is conveyed through eye gaze, the Reading the Mind in the Eyes test (RMET) is a frequently 
used tool for the assessment of affective ToM. This is the first study to investigate the effects of 
gender on a wide age range (19-79 years) in a large, population-based German sample. Further, 
we investigated the effects of item characteristics on RMET performance. 
Methods: The sample comprised 1,324 participants of the LIFE study. We investigated the effect 
of age (12 groups) and gender (2 groups) on RMET performance by applying ANCOVA and 
correcting for the effect of verbal abilities. Single comparisons were calculated post-hoc. 
Furthermore, we investigated if gender characteristics of the RMET items (male/female) 
modulate mindreading ability in men and women in different age ranges (12 groups) using 
ANCOVA correcting for verbal abilities. Post-hoc single comparisons were calculated. 
Results: Male and female performance did not significantly differ, but young adults performed 
significantly better than older age groups. Men and women identified mental states significantly 
better from female eyes as compared to male eyes. This gap becomes larger for older age groups. 
Discussion: Men are as proficient as women in mindreading from the eyes. Our data suggests 
that affective ToM declines with increasing age, which is true for both sexes. Older adults may 
have problems inferring complex emotional content from limited social cues, especially in the 
presence of male eye gaze. 
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Title: White matter microstructure mediates the negative effects of amyloid on default mode 
network function and executive performance 
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Abstract: Executive function declines in aging have been associated with declines in default 
mode network (DMN) function. However, the mechanisms underlying these declines may 
include declines in white matter (WM) microstructure associated with normal aging and/or 
increasing amyloid pathology associated with preclinical Alzheimer’s disease (AD). In the 
present study we investigated whether these mechanisms have independent or synergistic effects 
on DMN function and executive performance. 
35 cognitively normal older adults (ages 65-93) and 29 younger adults (ages 18-34) underwent 
resting-state (rs-) fMRI, task (t-) fMRI, and diffusion tensor imaging (DTI). Older adults also 
had a lumbar draw of cerebrospinal fluid, from which Aβ42 concentration was measured. A 
working memory task was used for t-fMRI. The DMN was identified in rs- and t-fMRI using 
independent component analysis. These components were Z-scored and combined to identify 
voxels showing both peak connectivity at rest and deactivation during the task. Functional 
connectivity at rest and deactivation during the task were measured within common regions-of-
interest (ROIs) formed surrounding these peak voxels. In addition, the same ROIs were used as 
seeds for probabilistic tractography to identify WM pathways connecting DMN regions. 
Fractional anisotropy (FA) was measured within DMN WM pathways. 
T-tests revealed age-related declines in task performance, DMN function, and FA. Partial 
correlations showed that both DMN deactivation magnitude and FA in DMN WM were 
negatively correlated with RT across the entire sample (r = -.39, -.40; p ≤ .002) and within older 
adults (r = -.48, -.49; p ≤ .006), after controlling for age, sex, and education. Further partial 
correlations showed that DMN deactivation magnitude and FA were positively correlated across 
the entire sample (r =.26, p = .043) and within older adults (r =.36, p =.045). Within older adults 
Aβ42 was negatively correlated with RT (r = -.45, p =.01) and positively correlated with DMN 
deactivation magnitude (r =.35, p =.049) and FA (r =.35, p =.049) after controlling for age, sex, 
and education. Rs-connectivity was not related to any of the other measures across or within 
groups. Mediation models within older adults revealed that the effect of Aβ42 on DMN 
deactivation magnitude was mediated by lower FA in DMN WM. In addition, the effect of Aβ42 
on RT was mediated by lower DMN FA and deactivation magnitude. 
These findings provide the first evidence that the negative effects of Aβ42 on DMN function and 
executive performance are driven by DMN WM microstructure declines. Interventions aimed at 
protecting DMN WM microstructure may aid in maintaining executive performance. 
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Title: Age-related changes in case marker processing: ERP evidence from a verb-final language 
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Abstract: Previous research have demonstrated inconsistent evidence on whether aging-related 
decline emerges in online sentence processing. The current study investigated age-related 
changes in case marker processing of a verb-final language using event-related potential (ERP) 
paradigm. Korean is a verb-final language with case markers, which permits a relatively free 
word order as far as the verb retains in a sentence-final position. Sixteen younger adults (mean 
age=25.8, SD=3.1) and fifteen older adults (mean age=73.0, SD=6.0) participated in the study. 
Sentence stimuli consisted of plausible and case-marker violation conditions with 30 items per 
each. Case marker assignment was violated in the second noun phrase. Each phrase was 
presented for 700ms using a Rapid Serial Visual Presentation paradigm with a 200ms inter-
stimulus interval during the 32-ch EEG recording. Greater negativity effects were observed in 
case marker violation across the groups at 300-500ms. Younger groups presented significantly 
stronger positivity effects at 700-900ms in the case marker violation condition, whereas the 
positivity effects were attenuated in elderly adults. The results suggested that Korean speakers 
may process a syntactic component of a case marker under the semantic frame integration, 
eliciting the negativity effects associated with semantic violations. Elderly adults showed 
attenuated effects compared to the young group, indicating age-related changes emerged during 
real-time sentence processing. 
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Abstract: Mobility is a strong predictor of institutionalisations, falls, quality of life and mortality 
in older adults. More recently, mobility has also been linked to cognitive functioning. The 
association between mobility measures and brain structure, however, remains under-explored. To 
investigate the relationship between mobility and the ageing brain, we examined the relations 
between common mobility measures, cognitive functioning, and MRI measures of brain structure 
(white matter integrity and gray matter volumes). 
The sample (n = 387) was drawn from the on-going Whitehall II Imaging Sub-Study. 
Participants (mean age 69, SD 5.11; 19% women) had no history of neurological illnesses. 
Mobility assessments (gait speed, balance test, chair stands) were conducted in 2007-2009. On a 
subsequent phase of data collection (2012-2015), participants underwent a 3T MRI brain scan 
and completed a battery of cognitive tests assessing memory, executive function, and processing 
speed. To examine white matter integrity, voxelwise analysis of fractional anisotropy (FA), axial 
diffusivity (AD), radial diffusivity (RD), and mean diffusivity (MD) data was carried out using 
Tract Based Spatial Statistics (TBSS). Permutation-based methods for non-parametric testing 
were employed for all analyses. 
Results showed that older adults with better mobility had better cognitive functioning, and this 
relationship was evident across domains of mobility (gait speed, balance, chair stands) and 
cognition (executive function, memory and processing speed). Analyses of global DTI metrics 
showed that poorer mobility, as measured by the balance and chair stand tests, was associated 
with higher global AD (balance p = 0.001; chair stands p = 0.043) and RD (balance p = 0.001; 
chair stands p = 0.043). Only the balance test revealed a significant association with FA (p = 
0.005). No association was found between gait speed and global DTI metrics, or between global 



gray matter volume and mobility measures. In voxel-wise analyses, significant voxels were 
found to be widespread across the white matter. Our findings highlight the strong relationship 
between mobility and cognition and suggest a global decline in white matter is associated with 
ageing-related decline in mobility. 
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Abstract: This study applied a new virtual rendition of the Morris water maze task, which is 
commonly used for assessing spatial memory performance in rodents, to an examination of age-
related differences in spatial memory among younger (18-30 years) and older (> 60 years) 
human participants. All participants were males, in correspondence with rodent studies done in 
the Magnusson lab. Unlike previous studies which used dependent navigational performance 
measures such as time spent searching for target, distance to reach target (i.e., pathlength), 
number of path crossings of common xy coordinates, and heading errors, this study was the first 
human study to employ a cumulative proximity to goal measure that corrected for start position 
using an ideal proximity length across 44 learning trials. 
After controlling for age differences in the mean pathlength taken to reach the target in visible 
platform (control) trials, we found that older adults exhibited greater cumulative proximity to 
goal (i.e., more searches done away from the target platform) than younger adults. This 



difference was most prominent during the first 24 place trials in which participants were 
uninformed that the hidden platform was fixed on every trial. The two age groups performed 
equally well across 19 control trials in which they moved directly to a visible platform on every 
trial, suggesting that age group effects detected from place trials was not confounded by age 
differences in visuomotor control. Importantly, older adults exhibited a learning curve that 
plateaued early in the second half of the learning trials (place trials 13 to 24), with significantly 
higher corrected cumulative proximity than younger adults in the earlier phase of these trials. 
These behavioral findings suggest that older adults may be poorer at accessing their newly 
acquired spatial memory for finding a place they reached previously in the absence of explicit 
knowledge of the stationary nature of that location. 
All adults were subsequently informed about the stability of the hidden platform and performed 
the task in the fMRI scanner across 16 trials. The group-level [place - control] contrast (p = .005, 
uncorrected) showed that younger adults exhibited higher activation in the left middle frontal 
gyrus and right caudate, as well as lower activation in the anterior cingulate than poorer 
performers among the older adults (i.e., below the 50th percentile). The higher frontal activation 
implicates that younger adults may be better at planning or executing their search behavior while 
the lower anterior cingulate activation implicates that younger adults may expend lesser 
attentional resources when finding a known target. 
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Abstract: Cognitive impairment (CI) is a multifactorial process. The aging process is one of its 
most important risk factors, especially when associated with other pathophysiological conditions 
such as nutritional deficiencies. Iron and zinc are necessary metals in various metabolic 
pathways. There are reports their deficiencies associated with cognitive impairments. The aim of 



the study was to determine the association between the CI and the presence of anemia and 
hipozinquemia in older Mexican adults. The study included 187 adults aged 65 or older, from the 
rural areas of southeastern Mexico (Yucatan). All people with depressive symptoms according 
Yesavage test were removed (n=21). For CI, we used the Minimum Mental State Examination 
(Minimental Test). All participants were asked to donate 5 mL peripheral blood to determine the 
hematocrit and hemoglobin by HemoCue® automated system, the determination of serum zinc 
was by the colorimetric method of Johnson et al. Chi2 statistical analysis, OR, 95% CI p <0.05. 
All procedures were performed in compliance with the ethical standards and the School of 
Medicine of the University of Yucatan authorized the project. Results: 23% of the population 
were man and 77% women. 39.6% of the population had CI (32% mild 5% moderate, 2.6% 
severe); 35.4% of the population had anemia and 20% hipozinquemia. CI increased 
proportionally with age. There was no relation between anemia and hipozinquemia with age. The 
association between anemia and CI was significant (p <0.001, OR 3.9, IC 1.6-8.9), while the 
hipozinquemia it was not (p = 0.17). Other variables that were associated with the CI were being 
female, engage in housework or fieldwork, illiterate, widowed and have metabolic and 
cardiovascular comorbidities. In older Mexican adults, living in rural regions the presence of 
anemia was associated with cognitive impairment, so it is essential the diagnosis and treat this 
condition to prevent or halt its progression and improve quality of life of the elderly. 
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Title: Subjective memory complaints associated with depression and anxiety in older women 
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Abstract: Introduction: Subjective Memory Complaints (SMC) are everyday forgetfulness 
which may cause limitations and low quality of life. These have been associated with age, 
cognitive impairment and Alzheimer. Older women may present symptoms of anxiety and 
depression as characteristic of aging. However it is not exactly known whether the subjective 
memory complaints are associated with the emotional state in older adults. The aim was to 
evaluate the association between subjective memory complaints and emotional state in older 
women. Method: 95 women participated from 60 to 80 years without chronic degenerative 
diseases. Were applied the Mini-Mental State Examination as a screening test of cognitive status 
and a questionnaire of subjective memory complaints to assess the frequency of complaints 
categorized in self-perception, semantic, episodic and working memory. We also applied 
Depression Inventory Beck to assess depressive symptoms and Trait Anxiety Inventory-State to 
assess anxiety. Data were analyzed using X2, crosstabs and the relative risk was obtained. 
Results: The self-perception of changes in memory was significantly associated with depressive 
symptoms (X2=10.05, p=0.01, RR=1.36) and anxiety (X2=8.39, p=0.01, RR= 1.12). Semantic 
memory is associated with depressive symptoms (X2=7.89, p=0.04, RR=1.27). Episodic memory 
is associated with anxiety (X2=5.02, p=0.02, RR=1.63). Working memory for mathematical 
calculation was associated with depression (X2=16.21, p=0.001, RR=1.26). Conclusion: These 
results indicate that there is more likely of finding symptoms of anxiety and depression in older 
women with subjective complaints of semantic, working, episodic and self-perception memory. 
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Abstract: Cortical gray matter volume declines across the lifespan, most markedly in prefrontal 
cortex, but also in parietal and temporal association cortices. White matter integrity also shows 
differential regional degradation with pronounced decreases in anterior regions followed by 
moderate decreases in posterior white matter integrity with aging. Few studies examine these 
structural measures jointly; thus the relative sensitivity to age is unclear. Here we applied the 
data driven multivariate technique partial least squares (PLS) to examine the relationship 
between cortical gray matter volume and fractional anisotropy (FA) of white matter with the aim 
of disambiguating both the spatial and temporal properties (cross-sectional age differences) of 
structural brain aging. Diffusion and high-resolution T1 weighted MRI were collected from a 
sample of 188 healthy adults, 20-94 years of age. Gray matter cortical parcellation was 
performed using Freesurfer, while diffusion tensor calculation and FA maps were created using 
FSL. Separate data tables for gray matter volume measures and voxel-wise FA were submitted to 
PLS. Analysis revealed a significant principal component accounting for 82% of total variance in 
volumetric and FA measures (p = .0002). Contributing the most variance to the component was 
the positive relationship between white matter FA from the anterior corpus callosum, anterior 
projections of the genu, anterior cingulum, and fornix with gray matter volume in parietal 
regions. Examination of the latent variables revealed that the relationship between gray and 
white matter in these regions is dependent on age, such that white matter integrity decreases 
linearly across the lifespan, whereas gray matter volume remains relatively preserved until late 
life. Investigating each parietal parcel shows that within young adults (20-34) and our oldest 
adults (70-94), individual differences in FA were not associated with differences in volume; 
however, our middle adult groups (35-54 and 55-69) exhibited significant coupling between FA 
and volume. These findings suggest that there is a periodicity to structure-structure associations 
across the lifespan, with weaker dependency during the end of development/young adulthood, 
stronger interdependency in middle age, and weaker dependency in the oldest-old. These results 
partly support the last-in, first out framework of aging as frontal and parietal gray and anterior 
white matter have the most protracted development and are the most vulnerable to aging. 
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Abstract: Microglia has been known to play an important role as remyelination, synapse 
pruning, memory and learning processes. It is essential to maintain normal brain function as well 
as condition brain environment. CX3CR1, a 7-transmembrane domain G-protein-coupled 
receptor, is involved in various inflammatory processes. CX3CR1 is expressed on the surface of 
various peripheral cells, such as T lymphocyte, macrophage, neutrophil, monocyte, NK cell, 
CD4 positive cell, CD8 positive T cell and mast cell, while microglia is the only CX3CR1-
expressing cell in the brain. Several studies have reported that CX3CR1 plays important roles in 
pruning of synapses, memories and neurogenesis. It was also reported that decreases of the 
CX3CR1 expression was associated with the number of synapses in the brain of patients with 
schizophrenia. Thus, evidence suggests involvement of CX3CR1 into brain function and the 
pathophysiology of psychiatric diseases. On the other hand, a non-synonymous single nucleotide 
polymorphism (SNP) of CX3CR1, V249I (rs3732379) and T280M (rs3732378), which are 
located in the sixth and seventh transmembrane domains of the CX3CR1 protein, respectively. 
T280M is related to difference in leukocyte functions including adhesion, signaling, and 
chemotaxis. However, the function of V249I is unclear. These polymorphisms are associated 
with various peripheral diseases, they may affect brain function as well as susceptibility to 
psychiatric disorders, and however the associations between this SNP and phenotypes in the 
brain have not been investigated. The principal aim of this study was to evaluate the effect of 
CX3CR1 polymorphisms on the structure and function in the human brain. To investigate effect 
of genetic variations in CX3CR1 on the structure and function of the human brain, we evaluated 
association between the SNP and MRI findings, including volume of gray and white matters, 
diffusion tensor imaging (DTI)-based white matter integrity and arterial blood volume of 
cerebral blood flow (CBF) during rest using arterial spin labeling (ASL), among 1,301 healthy 
Japanese people. The C allele of the SNP was significantly associated with increased arterial 
blood volume around the precuneus. There was no major difference between brain structural 
indicators in any brain areas among genotypes. This finding suggests that CX3CR1-T280M and 
V249I may affect brain artery structures via interaction between microglia and vascular 
endothelial cells, and underlie relevant brain functions and susceptibilities to brain diseases. 
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Abstract: Multi-modal data collected for the same subjects have become common in 
neuroscience research. Simultaneously studying such data may yield new information that could 
not be observed in analyzing individual data, or enhance the common information across data 
modalities. In this study, we used three-way Parallel Independent Component Analysis (pICA, 
Vergara et al, 2014) to incorporate two fMRI tasks and genotype data extracted from the top loci 
reported by the Psychiatric Genetics Consortium (PGC) for schizophrenia in the same model. 
Data from two fMRI cognitive tasks and genotype data of 89 SNPs for 187 healthy controls were 
included in this study. Subjects underwent BOLD fMRI (3T) during a working memory task 
(NBack) and a cognitive control task (Flanker). Eighty nine SNPs (SNPspgc2_sig) were selected 
from 108 top loci from published PGC schizophrenia GWAS study (PGC2 2014), excluding 
indels and SNPs on Chromosome X. 
We found 9 sets of correlated components with significant pairwise correlations after Bonferroni 
correction. Among them, we found one of the correlated components with likely biological 
meaning, in which the correlation between NBack and Flanker was 0.2598 (PBonferroni=0.0132), 
the correlation between NBack and genetic data was 0.3 (PBonferroni=0.004), and the correlation 
between Flanker and genetic data was 0.27 (PBonferroni=0.008). Significant positively activated 
regions (Z>2) in NBack include BA9 (DLPFC), BA47 (VLPFC), BA32 (Anterior Cingulate). 
Significant negatively activated regions (Z<-2) included BA39 (Inferior Parietal). Significant 
positively activated brain regions (Z>2) in Flanker components included BA9, BA47, and BA32. 
Significant negatively activated brain regions (Z<-2) in Flanker components included BA22 
(Superior Temporal Gyrus), BA13 (Insula), and BA23 (Precuneus). Index SNPs within 
Schizophrenia risk genes CACNA1C, TCF4, ZNF804A are among the top 5 SNPs ranked by 
absolute values of ICA weighting scores. 



Our results show that when we examined the correlation among NBack, Flanker and genetic data 
simultaneously, previously identified network patterns found in individual fMRI study are also 
shown in the top correlated components, especially brain regions involved in both tasks, i.e. 
involving executive control. Previously found candidate genes for schizophrenia are ranked high 
based on the contribution to the correlation with fMRI data. Our results support the use of 3-way 
ICA to identify shared brain networks during cognitive tasks and the associated genetic 
components with these tasks. Further cross validation is necessary to better interpret the findings. 
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Abstract: Genetically engineered mutations are a valuable tool for exploring genotype-
phenotype relationships. Most such studies are carried out using inbred strain backgrounds since 
this allows comparison of mutant and wild type alleles on an isogenic background. These studies 
are predicated on the notion that genotype-phenotype relationships measured on a single inbred 
background will generalize to other species; thus there is an implicit assumption that they would 
at least generalize to other inbred mouse strains. We directly tested this assumption by 
examining the effects of null alleles of Cacna1c and Tcf7l2, which have been robustly implicated 
in schizophrenia and other complex diseases by human genome-wide association studies 
(GWAS). We bred C57BL/6J heterozygous males to wild-type females from 30 of the most 
commonly used inbred strains to generate a balanced set of heterozygous and wild-type 
coisogenic F1 offspring (N=723 Cacna1c, N=630 Tcf7l2). F1 offspring were tested for widely-
used behavioral and physiological phenotypes that model aspects of schizophrenia, bipolar 
disorder, and depression. We found extremely strong interactions between the mutant alleles and 



the different genetic backgrounds. Some F1s were very sensitive to particular effects of the 
mutant alleles while others appeared completely resistant. In several cases the mutant alleles 
increased a given phenotype in one F1 while decreasing the same phenotype in another. These 
results do not negate the invaluable contributions of mouse genetics to biomedical science; 
however, they do make an important contribution to the ongoing discussion of reproducibility. 
We conclude that genotype-phenotype relationships cannot be reliably inferred by studying a 
single genetic background. Therefore, we suggest that the effect of mutant alleles should be 
evaluated on several inbred strain backgrounds whenever possible. 
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Title: Alternations of DARPP-32 and Calcineurin protein expressions in the prefrontal cortex 
and nucleus accumbens of schizophrenia and bipolar disorder and genetic associations with their 
expressions 
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Abstract: Background: Dopamine- and cAMP-regulated phosphoprotein of molecular weight 
32 kDa (DARPP-32) is a central molecule that incorporates dopaminergic signal transduction 
into many other neurotransmitter systems, such as a glutamatergic system. Phosphorylated 
DARPP-32 regulates the physiological activities of various proteins. Calcineurin (CaN) is 
located downstream of dopaminergic and glutamatergic pathways and inactivates DARPP-32 by 
dephosphorylation. CaN has also been considered to be related with synaptic plasticity or neural 
cell apoptosis. Although the signaling pathway that contain DARPP-32 and CaN may be the one 
of the crucial circuit to the basic understanding of schizophrenia and other psychiatric disorders, 
there have been only a few postmortem brain studies of DARPP-32 and CaN in psychiatric 
disorders and these results were inconsistent across the studies. 
Methods: In this study, the expression levels of DARPP-32 and CaN protein were measured by 
ELISA in two brain regions receiving dopaminergic input and implicated in schizophrenia (the 
prefrontal cortex [PFC], and nucleus accumbens [NAcc]) in 49 postmortem samples from 
subjects with schizophrenia, bipolar disorder, major depression and normal controls. We also 
examined the association of these expressions with genetic variants of dopaminergic system 
associated molecules for 129 SNPs in a much larger set of postmortem samples (85 subjects). 
Results: DARPP-32 in PFC was marginally significantly decreased in schizophrenia as 
compared to controls (P=0.059). The expressions of CaN in PFC were significantly increased in 
schizophrenia (p=0.02) and bipolar disorder (p<0.05) as compared with normal controls. In 
NAcc, CaN was markedly increased in bipolar disorder (p=1.33 E-15), but was not changed in 
schizophrenia. We analysed 129 SNPs in the dopaminergic system associated molecules and 
found that several SNPs including the one which was previously reported to be related with 
schizophrenia might predict protein expression of CaN in PFC and NAcc. 
Conclusion: These alternations in the pathway that includes DARPP-32 and CaN may reflect 
potential molecular mechanisms underlying the pathogenesis of schizophrenia and bipolar 
disorder or differences between these two major psychiatric disease. 
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Title: Facial profile principal components derived from full Procrustes analyses correlate with 
schizotypal inventory scores and SAT performance in sex- and side-specific manners 
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Abstract: Embryological development of the face and anterior brain occur in synchrony, are 
often influenced by common genes, and have the potential to be dramatically and 
characteristically altered by genetic abnormalities or environmental insults. Schizophrenia is 
thought to be caused by genetic and environmental factors that have the potential to affect the 
development of the brain and face. Hennesy et al. (2004) found that faces of schizophrenics 
showed significant morphological and sex-specific differences compared to controls. Using only 
frontal photographs, we previously observed relationships between facial loci and SAT/SPQ 
scores (Cannon et al., 2015). Here, we generated principal components (PCs) of profile facial 
loci in undergraduates and related those to overall and subscale scores of the Schizotypal 
Personality Questionnaire (SPQ) and Math/Verbal SAT scores. Other basic demographics were 
also assessed. 
Left and right digital profile photographs were taken of undergraduates (N = 110; 74.5% female). 
The x-y coordinates of 37 loci were measured blind using ImageJ and processed with a full 
Procrustes superimposition and principal component analyses utilizing SPSS. In each case, left, 
right, and the average of left and right profiles resulted in 7 PCs with eigenvalues greater than 1 
that typically accounted for almost 80% of variance. These PCs, listed in order of average 
eigenvalue strength, dealt with the following facial structures: Ear, Lips, Eyebrow/Eye, Lower 
Nose, Chin, Nasion/Brow Ridge, and Jaw/Face Perimeter. The PCs were correlated with the 
measures listed above. 
The following represent the strongest correlations observed. In each case, there was a significant 
difference between left and right profile correlations (p = .04 to .002). For SPQ, Right Chin 
showed significant negative correlations in Females and Total Score (r(66) = -.382, p = .002) as 
well as 2 of the 3 subscales. Male correlations did not significantly differ and were in the same 
direction. For SAT Verbal, Left Nasion/Brow Ridge showed a significant negative correlation in 
Males (r(14) = -.634, p = .015). Females showed a significantly weaker, near 0, correlation. For 
SAT Math, Left Lower Nose showed a significant negative correlation in Males (r(14) = -.692, p 
= .006). Again, Females showed a significantly weaker, near 0, correlation. 
Comparing these results to our earlier examination of only frontal facial landmarks, it seems 
clear that profile images can provide additional information relevant to both schizotypal traits 
and SAT Math/Verbal scores. 
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Abstract: DISC1 (Disrupted-in-schizophrenia 1) has emerged as a convincing susceptibility 
factor for the major mental illnesses including schizophrenia, recurrent major depression, and 
bipolar disorders, but its mechanistic links to the diseases are yet to be fully understood. The 
calcium plays essential roles in diverse and fundamental biological processes of a cell and an 
organism. This maximized functional variety of calcium is based on its fast effects and its 
spatially and temporally dynamic properties, which is heavily dependent on the calcium 
buffering function of organelles such as endoplasmic reticulum (ER) and mitochondria. Here, we 
identified that DISC1 localizes at the mitochondria-attached endoplasmic reticulum membrane 
(MAM), a specialized ER-mitochondrial contact site, and influences the calcium transfer from 
ER to mitochondria which is mediated by inositol-1,4,5-trisphosphate (IP3) receptors. The 
perturbed regulation of the calcium transfer between two subcellular organelles by DISC1 
malfunction induced abnormal calcium accumulation in mitochondria upon stimulation of 
oxidative stress, thereby impairing mitochondrial functionalities. Our findings give a hint at the 
mechanistic links between DISC1 function and environmental stimuli with implications in the 
pathobiology of the related psychiatric conditions. 
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Abstract: Strong association with schizophrenia has been reported repeatedly within a region 
containing MIR137HG, the host gene encoding microRNA 137 (miR-137). Previous studies 
suggest that target genes of this microRNA are also involved in many schizophrenia relevant 
biological pathways. Therefore studying the genes regulated by miR-137 may be important in 
understanding the etiology of schizophrenia. Collins et al., 2014 reported that 420 genes were 
differentially expressed (DE) (q<0.05) at 48h following miR-137 overexpression in a human 
neural stem line. In our current study, we used NBack, a working memory task, to examine the 
effect of schizophrenia risk profile score (RPS) of miR137-regulated genes on brain activation. 
Two hundred and sixty seven healthy volunteers underwent BOLD fMRI (3T) during a working 
memory task (NBack). RPSs were calculated for each individual as the weighted sum of 
reference alleles of LD clumped SNPs within the total 420 DE genes (RPSall), and separately 
within the downregulated (156) and upregulated (264) DE genes (RPSup and RPSdown). SNPs 
within each gene (extended by 2K at each end) were included based on P < 0.05 of the PGC2 
results. The PGC2 identified risk SNP, rs1702294, within MIR137HG was used to test for a 
stratification effect on the association of RPS with brain function. 
Our results show no significant association of RPSall with brain activation during the NBack task. 
However there is a significant positive correlation of RPSdown with IFG activation (p=0.023, 
FDR corrected in IFG) and no significant negative correlation for RPSdown. Whereas, there is a 
trend of negative correlation of RPSup with brain activation in IFG (p=0.091, FDR corrected in 
IFG), but no positive correlation of RPSup with brain activation. When we stratified our sample 
according to rs1702294 genotype, we found a strong positive correlation between RPSdown and 
IFG activation (r=0.30, p=6.03e-05) only in homozygous risk alleles carriers, but not in non-risk 
carriers (r=0.14, p = 0.196). There was no rs1702294 stratification effect for RPSup in IFG. 
Our results show that schizophrenia-associated SNPs among genes downregulated by miR-137 
overexpression are associated with brain activation of the inferior frontal gyrus region during a 
working memory task. This association is driven by homozygous carriers of the rs1702294 risk 
SNP. From literature, IFG is heavily activated by the Nback and thought to compensate for 
abnormal dlPFC activation in patients with schizophrenia. Our current finding suggests that the 
MIR137HG gene risk SNP interacts with SNPs among putative downregulated targets of miR-
137 in affecting brain function related to schizophrenia. 
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Abstract: The immediate early gene EGR3 is associated with schizophrenia in humans and 
expressed at reduced levels in postmortem patients’ brains. We previously found that, in addition 
to schizophrenia-like behavioral abnormalities, Egr3-/- mice have a nearly 70% decrease in 
prefrontal cortical serotonin 2A receptors (5HT2ARs). This underlies their resistance to sedation 
by clozapine, a phenomenon that parallels the increased tolerance of schizophrenia patients to 
antipsychotic side effects. These findings led us to hypothesize that EGR3, a transcription factor, 
directly regulates the expression of the 5HT2AR - encoding gene Htr2a. To test this hypothesis, 
we collected tissue after 8 hours of sleep deprivation (SD) from Egr3 -/- and wildtype (WT) mice 
that also carried an enhanced green fluorescent protein (EGFP) reporter construct under control 
of the Htr2a promoter (Htr2a-EGFP). We used antibodies against EGFP to detect 5HT2AR-
expressing neurons. Our images suggest Egr3-/- mice had less EGFP labeling compared to WT 
mice, particularly in layers 4-5 of the cortex. Using bioinformatics analyses we searched for high 
probability EGR consensus binding sites in the Htr2a promoter. We identified a “distal” site 
located ~2800 bp upstream of the transcription start site, and a “proximal” site ~70 bp upstream 
of Htr2a transcriptional start site. To determine the expression time-course of EGR3 protein we 
conducted western blot analysis on prefrontal cortex tissue from WT mice at baseline, compared 
with animals sacrificed two hours and three hours after electroconvulsive seizure (ECS), which 
induces maximal expression of EGR3. These results showed that EGR3 protein levels were 
highest two hours after ECS. Based on these findings we conducted Chromatin 
Immunoprecipitation (ChIP) on frontal cortical tissue isolated from WT mice two hours 
following ECS to evaluate whether EGR3 directly binds to these regions of the Htr2a promoter 
in vivo. ChIP revealed significant binding of EGR3 to the distal region in the Htr2a promoter 
after ECS compare with baseline. To confirm functionality of EGR3 binding to the Htr2a 
promoter, we performed an in vitro luciferase-reporter assay. Results of these studies will be 



presented. These findings provide information about potential regulation of the schizophrenia 
candidate gene HTR2A by the immediate early gene transcription factor EGR3. 
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Abstract: Growing evidence suggests that the family of IgLON neural adhesion molecules 
(OPCML, NTM, LSAMP, NEGR1) are important candidates in forming the susceptibility of 
schizophrenia. IgLONs have been suggested to be involved in neurite outgrowth, synapse 
formation and pruning and neurogenesis, all of what has been shown to be altered in the brains of 
schizophrenic patients. Furthermore, it has been found that the level of the LSAMP protein is 
approximately 20% increased in the postmortem frontal cortex in patients with schizophrenia. 
According to our recent results, there are certain tag SNP-s in the 1b promoter of the human 
LSAMP gene that have a strong association with the risk of schizophrenia. LSAMP gene has 
been in the focus of our behavioral, anatomical, association and cell culture studies in many 
years. As we have understood the importance of studying IgLON family as a highly regulated 
molecular complex, we have recently included other IgLON members as our molecular targets. 
Our aim was to characterize the expression levels of the genes coding for the IgLON family in 
the dorsomedial prefrontal cortex of schizophrenic patients by using quantitative RT-PCR. 
Tissue samples were obtained from from Australian Brain Bank Network. Alternative 1a and 1b 
promoter activities of LSAMP, NTM and OPCML were quantified separately. We found 
significantly higher expression of NEGR1 and NTM 1b transcript postmortem dorsolateral 
prefrontal cortex in patients with schizophrenia (n=36) compared with control subjects (n= 35). 



Significant change in mRNA transcript in NEGR1 was confirmed in protein level by using 
western blot. Interestingly, it has been previously shown that NEGR1 transcript is significantly 
increased in dorsolateral prefrontal cortex of human subjects with major depressive disorder 
compared with non-psychiatric control subjects indicating that changes in NEGR1 levels/activity 
are underlying of wider spectrum on psychiatrical conditions. Furthermore, according to our 
preliminary cell culture experiments, NEGR1 is an important mediator in the process of neurite 
outgrowth. Suprisingly, we found no changes in the levels of LSAMP 1a and 1b which would be 
expected from previous results. However, our future research will cover wider regions in the 
brains of schizophrenic patients and controls, we will also continue with cell culture experiments 
to shed light on the exact functions of IgLON family of neural adhesion molecules and their 
impact in modifying neuronal substrate underlying in normal and pathological 
psychological/psychiatric conditions. 
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Abstract: The rs1344706 single nucleotide polymorphism (SNP) in ZNF804A was among the 
first genetic variants associated with schizophrenia. Since then a number of studies have 
examined the influence of rs1344706 on cognition, brain structure and physiology. Despite this, 
the impact of this SNP on sleep physiology and cognitive aspects of sleep function has not been 



described. 
We used a recall-by-genotype design implemented in a population cohort (the Avon 
Longitudinal Study of Parents and Children) to investigate impacts of ZNF804A variants on 
sleep architecture, neurophysiology and sleep-dependent memory consolidation in healthy young 
adult homozygote CC (non-risk, n=11) and AA (risk, n=13). We used actigraphy with sleep 
diaries to assert weekly sleep wake cycles. Participants were monitored using lab-based 
polysomnography (PSG) on two nights. A motor sequence task (MST) was used to probe sleep-
dependent memory consolidation over the second night. 
Actigraphy and sleep diaries over the course of 2 weeks revealed similar rest-activity cycles 
between groups. We found no evidence for differences in actigraphy derived variables such as 
sleep latency and total sleep time between groups. PSG for both nights was scored by experts 
and subsequent analysis revealed no evidence for differences in PSG derived sleep latency, total 
sleep time or time spent in stages REM and NREM1-3 between CC and AA groups on either of 
the two PSG nights. 
In preliminary analyses, there was evidence that the AA group performed reduced numbers of 
correct sequences (Mann-Whitney P value = 0.026), displayed slower average transition speed 
times (button press latency, Mann-Whitney P value = 0.046) and greater variance in overnight 
MST improvement (Levene’s test, p=0.050). An automated analysis of non-REM sleep epochs 
provided evidence for reduced spindle densities (Mann-Whitney P value = 0.060) in AA carriers. 
These effects of ZNF804A on motor learning and non-REM sleep physiology provide novel 
insights into the genetic basis of psychiatric disorders. 
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Abstract: Through bioinformatics, an open reading frame was discovered in the human, mouse 
and rat with a common ATG (methionine start codon) that extended the N-terminus of the 
muscarinic acetylcholine M4 receptor subtype by 155 amino acids resulting in a longer variant. 
RT-PCR experiments performed from human donor brain prefrontal cortex detected the human 
upstream exon and the junction of the two exons indicating the translation of the mature longer 
M4 receptor transcript. The predicted size for the longer two-exon M4 receptor splice variant 
with the additional 155 amino acid N-terminal extension, designated M4L is 69.7 kDa compared 
to the 53 kDa canonical single exon M4 receptor (M4S). Western blot analysis from a 
mammalian overexpression system, and saturation radioligand binding with [3H]-NMS (N-
methyl-scopolamine) demonstrated the expression of this new splice variant. Comparative 
pharmacological characterization between the M4L and M4S receptors revealed that both the 
orthosteric and allosteric binding sites for both receptors were very similar despite the addition of 
an N-terminal extension. However, when both receptors were coexpressed the M4L appeared to 
have a dominate-negative effect on the functionality of the canonical receptor which could have 
implications in M4 receptor biology. 
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Abstract: Objective Clozapine is a kind of atypical antipsychotics, which is effective for the 
treatment-resistant schizophrenia. DNA methylation is a major epigenetic mechanism, and it is 
affected by environmental factors. In this study, we examined DNA methylation changes by 
clozapine treatment in the patient with treatment-resistant schizophrenia by conducting a 
genome-wide DNA methylation profiling (485,764 CpG dinucleotides) of peripheral leukocytes. 
Method Twenty-one patients with schizophrenia (mean age: 42.1 ± 11.4 y; male: 8, female 13) 
were recruited from Tokushima and Osaka University Hospitals in Japan. The mean dose of 
clozapine was 473.8 ± 91.3 mg/day, and the mean duration of clozapine treatment was 340.8 ± 
182.7 days. Peripheral bloods were collected before and after introduction of clozapine. The 
psychotic symptoms of patients were evaluated by Positive and Negative Syndrome Scale 
(PANSS) when the peripheral blood samples were collected. DNA methylation level was 
assessed with Infinium® HumanMethylation450 BeadChips (Illumina Inc.). A paired t-test was 
used to see the DNA methylation changes induced by clozapine. A single regression analysis 
was used to assess the relationship between the DNA methylation changes and the changes of 
psychotic symptoms evaluated by PANSS. Result Of the 435,611 CpG sites, significant DNA 
methylation changes after clozapine treatment were observed in 21,481 sites (P < 0.05 and beta 
difference > 0.01). Of the 21,481 CpG sites, significant correlations between % PANSS 
improvements and DNA methylation changes were observed at 414 sites (p < 0.001). 
Conclusions Our findings suggest that DNA methylation changes of the specific genes may be 
associated with treatment response to clozapine in the patients with treatment-resistant 
schizophrenia. 

Disclosures:  M. Kinoshita: None. S. Numata: None. A. Tajima: None. H. Yamamori: 
None. Y. Yasuda: None. M. Fujimoto: None. I. Imoto: None. R. Hashimoto: None. T. 
Ohmori: None. 

Poster 

650. Schizophrenia: Genetics and Genomics 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 650.13/NNN34 

Topic: H.03. Schizophrenia 

Title: Expression of microRNAs and inflammatory markers in schizophrenia and bipolar 
disorder 

Authors: *S. K. AMOAH1, B. A. RODRIGUEZ2, N. MELLIOS2;  
2Dept. of Neurosciences, 1Univ. Of New Mexico HSC, Albuquerque, NM 



Abstract: Schizophrenia and bipolar disorder are multifactorial and heterogeneous psychiatric 
disorders, whose pathogenesis remains elusive, despite the numerous protein-coding genes 
potentially linked to their pathophysiology. However, the emerging consensus is that protein-
coding genes inhabit only the tip of the iceberg of the mammalian transcriptome, given the 
plethora of actively transcribed non-coding RNAs (ncRNAs). One specific category of small 
ncRNAs with numerous, yet conflicting reports of aberrant expression in psychiatric disorders is 
that of the evolutionarily conserved small ncRNAs known as microRNAs (miRNAs). Previous 
approaches in miRNA profiling were hindered by their inability to appropriately discriminate 
between precursor and mature miRNA sequences and within members of the same miRNA 
families. We aimed at employing cutting-edge miRNA methodologies to determine with great 
accuracy the expression and potential function of schizophrenia-altered miRNAs in the human 
brain. To that end, we utilized NanoString miRNA expression profiling to specifically screen for 
differentially expressed mature miRNAs in the orbitofrontal cortex (OFC) of a large cohort of 
subjects with schizophrenia and bipolar disorder. Validation of mature miRNA levels was 
carried out for select schizophrenia dysregulated miRNAs using Taqman qRT-PCR assays. We 
found significant increases in a subset of miRNAs previously linked to immune activation, as 
well as downregulation of a small number of activity-dependent miRNAs related to synaptic 
plasticity, with the most prominent being miR-132. Previous studies have suggested a link 
between neuroinflammatory markers and psychiatric disease. Our data also revealed a significant 
elevation of inflammatory marker Serpina3 in the brain of subjects with schizophrenia with a 
trend for increase in bipolar disorder relative to unaffected control samples. Interestingly, there 
was an inverse relationship between Serpina3 and miR-132 expression and a significant 
association of both molecules (negative for Serpina3, positive for miR-132) with the age of onset 
of schizophrenia. Ongoing experiments are examining the developmental expression, 
downstream targets, and effects on neuronal structure and function of schizophrenia- and Bipolar 
disorder- altered miRNAs in patient-derived neuronal cultures, as well as mouse models of 
prenatal inflammation. In doing so, we expect to significantly advance the current understanding 
of the molecular mechanisms that may underlie psychiatric disorders. 
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Abstract: The N-methyl-D-aspartate type glutamate receptor (NMDAR) are presumed to be 
hypoactive in brains of patients with schizophrenia. Several studies have indicated an altered 
proteins or mRNA expression of one of its scaffolding protein, the discs, large homolog 1 
(DLG1), also known as synapse-associated protein 97 or SAP97 in the disease. The DLG1 gene 
resides in the chromosomal position 3q29 where an excess of microdeletions in schizophrenia 
was found in multiple genome-wide analyses on copy number variations. In the present study, 
we have replicated the genetic association between the DLG1 gene and schizophrenia shown in 
our two previous studies, using a Japanese cohort with 1808 cases and 2170 controls. We 
identified an unreported exon (Exon 3b) in the DLG1 gene, and detected a significant genotypic 
and allelic association of the SNP rs3915512 located in the exonic splicing enhancer (ESE) 
sequence of this exon (p = 0.005 (permutation p = 0.0164) and 0.0032 (p = 0.0092), 
respectively). When the allele A, and not the schizophrenia risk allele T, of the SNP meets the 
consensus sequence of ESE, it could lead to the expression of a newly identified DLG1 splicing 
variant, whose mRNA expression has been shown to be reduced in postmortem brains of early-
onset (before 17) schizophrenia in our previous study. Furthermore, onset age-selective (after 18) 
associations with schizophrenia have been observed for the SNP. A meta-analysis of the previous 
and present studies of the SNP rs9843659 revealed its significant association with schizophrenia 
(p = 0.033). These findings add a support to the view that DLG1 gene could be implicated in the 
onset age-associated susceptibility and/or pathophysiology of schizophrenia. 

Disclosures:  A. Uezato: None. N. Yamamoto: None. D. Jitoku: None. S. Hiraoka: None. E. 
Haramo: None. E. Hiraaki: None. Y. Iwayama: None. T. Toyota: None. M. Umino: None. A. 
Umino: None. Y. Iwata: None. K. Suzuki: None. M. Kikuchi: None. T. Hashimoto: None. N. 
Kanahara: None. A. Kurumaji: None. T. Yoshikawa: None. T. Nishikawa: None. 



Poster 

650. Schizophrenia: Genetics and Genomics 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 650.15/NNN36 

Topic: H.03. Schizophrenia 

Support: Danish Strategic Research Fund 

Title: Epigenetic regulation of human nicotinic acetylcholine receptor gene promoter. 

Authors: *J. LICHOTA1, M. DYRVIG2, J. D. MIKKELSEN3;  
1Dept. of Hlth. Sci. and Technol., Aalborg Univ., Aalborg Ost, Denmark; 2Aalborg Univ., 
Aalborg, Denmark; 3Rigshospitalet, Copenhagen, Denmark 

Abstract: The α7 nicotinic acetylcholine receptor regulates a wide variety of developmental and 
secretory functions in neural and non-neural tissues. The receptor is now considered a promising 
target for treatment of cognitive symptoms in psychiatric disorders. By using DNMT inhibitors, 
it has been found that DNA methylation regulates Chrna7 transcription in several human cell 
lines. As α7 nicotinic acetylcholine receptor ligand binding is low in human brain and binding 
shows high inter-individual variation, we decided to measure mRNA expression and methylation 
in three regions of the promoter in human brain biopsies. For all three regions we find very low 
degree methylation. Interestingly, for the region surrounding the promoter we find a significant 
correlation between transcription and methylation. It is known that nicotine itself does not induce 
transcriptional upregulation of the α7 nicotinic acetylcholine receptor but a strikingly high 
proportion of schizophrenics are smokers and also users of antipsychotics known to modify 
epigenetic mechanisms. Therefore, we investigated if combinations of the two resulted in 
transcriptional upregulation and promoter demethylation. In SH-SY5Y cells we measured low 
degree methylation similar to that in human brain biopsies. Interestingly, transcription was not 
affected by valproate or nicotine alone whereas a combination of both resulted in promoter 
demethylation and transcriptional up-regulation. This suggests that some types of antipsychotics 
may potentiate the cognitive enhancing effects of nicotine in smoking patients. 
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Abstract: Recent advancements in tissue clearing methods and imaging techniques have 
provided researchers with the ability to analyze and measure intact three-dimensional structures 
within large volumes of brain tissue, without the use of physical sectioning of the tissue. While 
various clearing methods have been used successfully for this purpose, details about the 
expansion and contraction of the tissue caused by the clearing process are still unknown. In order 
to make accurate measurements and perform stereological analysis in cleared tissue samples, 
information is needed about overall change in tissue size. Four methods of tissue clearing 
(CLARITY, CUBIC, SeeDB, and 3Disco) were compared to measure changes in the size of the 
samples. To accomplish this, fluorescent microbeads were injected in a grid layout (100 µm 
gridline spacing) within pre-cleared tissue samples using a digital stereotaxic setup. Clearing was 
then performed on these tissue samples, and image volumes were acquired using a lightsheet 
microscope (CLARITY-Optimized Lightsheet Microscope). These volumes were visualized in 
AMIRA software and the resulting grids were measured. The results of this study will elucidate 
the details necessary to perform stereological analysis and measurements in tissue samples 
cleared by various methods. 
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Abstract: Background: Cataloging fresh-frozen brain tissue in the absence of prior aldehyde 
fixation and cryoprotection is beneficial for preserving protein and nucleic acids (RNA/DNA) 
across a variety of neuroscience methods requiring long-term storage. Unfortunately, detecting 
brain-localized antigens via immunohistochemistry (IHC) can be more challenging, if not 
impossible, using post-fixation following cryosectioning and slide-mounting. The inherent effect 
of autolysis, particularly during the thawing process, likely contributes to such marked loss of 
antigenicity (Jones et al., 1992). Slowly thawing frozen human brain blocks immersed in at 
subfreezing aldehyde-based fixative containing cryoprotectants can retain some degree of 
antigenicity otherwise lost under less ideal conditions (Jones et al., 1992). However, this 
technique also can require long incubation times in fixative/cyroprotectant for which thorough 
tissue penetration can be difficult to determine.Methods and Results: The present study 
evaluates more timely IHC methods in an effort to increase antigenicity using fresh-frozen 
rodent and human brain tissue. The effects of aldehyde-based and non-aldehyde precipitating 
fixatives were compared across an array of antibodies directed at methylation markers, glial 
cells, neuropeptides, and other neuronal-specific molecules on slide-mounted sections. In 
addition, each fixative was tested alone or paired with treatment of heated antigen-retrieval 
buffers at varied pH. Utilizing standard diaminobenzidine/horseradish peroxidase IHC 
amplification methods, we show that several antibodies including those specific for glia and 
particular subcortical neuronal populations are clearly expressed in well-characterized 
topographical patterns with relatively low background. Given the successful application in thin 



slices, we have begun conducting similar experiments in 1 to 2mm-thick rodent and human brain 
slices using transparency techniques. 3-dimensional immunofluorescence in frozen tissue 
processed by CLARITY (Tomer et al., 2015), CUBIC (Susaki et. al., 2014), and SWITCH 
methods (Murray et. al., 2015) is being performed using both confocal and CLARITY Optimized 
Light Sheet Microscopy (COLM) systems. The results of this study will offer additional avenues 
for the processing of long-term stored fresh-frozen tissue. 
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Abstract: Tyramide signal amplification provides extraordinary detection sensitivity to 
fluorescence in situ hybridization (FISH) to visualize targets with low expression. It is based on 
catalyzed reporter deposition (CARD) technique where peroxidase mediated formation of highly 
reactive tyramide radicals result in the binding of fluorochrome-conjugated tyramide only at the 
site of the enzymatic reaction. This method has been successfully used for thin section FISH 
studies over the years, however it has been still a challenge to utilize this system with recently 
developed CLARITY and other tissue clearing methods for high resolution imaging and 
molecular characterization within intact large volumes. One of the major challenges of tyramide-
based amplification in thick tissues (100 µm and more) is the rapid deposition of most of the 



available tyramide on the surface, exhausting the tyramide levels for deep layers of the tissue. 
Recent publications show a maximum signal penetration up to 100 µm depth using the 
commercially available tyramide kits. We explored this issue to achieve a uniform tyramide 
deposition across the tissue depth by using a combination of hydrolyzed cRNA probes and 
homemade biotin conjugated tyramide. Homemade biotinylated TSA is not only cost effective 
for larger tissue volumes but also provides an opportunity to regulate the catalysis/deposition of 
the tyramide. We characterized this improved method in fresh frozen rat- and CLARITY 
perfused mice-brain sections of various thickness. We are also comparing the mRNA detection 
in paraformaldehyde only fixed tissues (300 µm and 600 µm) and CLARITY tissues (1 mm) 
with or without 1-ethyl-3-3-dimethylaminopropyl carbodiimide (EDC) fixation. We are further 
exploring the multi-target detection with and without TSA and were able to visualize good signal 
strength by using a simple immunohistochemical detection of biotin labeled probes for some of 
the abundantly expressed mRNAs. 
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Abstract: The growing interest in understanding the complexity of organ-wide cellular 
interactions has led researchers to develop tissue clearing protocols for visualizing molecular 
patterns on a more global scale. Our lab recently developed iDISCO (Renier et al., 2014) for 
whole-mount immunolabeling in large cleared samples followed by volume imaging. iDISCO 
provides advantages for profiling distinct neuronal and non-neuronal cell populations, tracing 
long-range axonal projections, and examining physiological status (by using molecular reporters 
for neuronal activity, neural proliferation and degeneration) (Richardson and Lichtman, 2015). 
This enables efficient investigation of complex questions that were previously difficult to address 



due to technical limitations. 
In order to meet more versatile and challenging demands, we have systematically engineered and 
optimized each step of the clearing process. A first set of improvements led to the development 
of iDISCO+ (Renier et al., 2016), which provides more consistent labeling and clearing, and 
better preserves tissue morphology for automated data registration and analysis. We have built 
further on those advances to: 1) improve lipid removal to achieve isotropic optical clearing, 
while preserving native protein conformation. This would allow us to faithfully collect 
fluorescence protein signal or immunolabeling signal; 2) accelerate and improve molecular 
labeling; 3) further preserve sample size and fine tissue morphology after clearing; and 4) be 
compatible with both organic and aqueous imaging systems to enable broad microscopy 
applications. These improvements enable easy and reliable translation of traditional histological 
assays from sections to whole-mount tissues while maintaining or even improving sensitivity and 
coverage. The new method provides a powerful platform for investigating development, 
plasticity and degeneration in the intact nervous system. 
Renier, N., Wu, Z., Simon, D.J., Yang, J., Ariel, P., and Tessier-Lavigne, M. (2014). iDISCO: a 
simple, rapid method to immunolabel large tissue samples for volume imaging. Cell 159, 896-
910. 
Renier, N., Adams, E.L., Kirst, C., Wu, Z., Azevedo, R., Kohl, J., Autry, A.E., Kadiri, L., 
Venkataraju, K.U., Zhou, Y., Wang, V.X., Tang, C.Y., Olsen, O., Dulac, C., Osten, P., and 
Tessier-Lavigne, M. (2016). Mapping of brain activity by automated volume analysis of 
immediate early genes. Cell. DOI: 10.1016/j.cell.2016.05.007. 
Richardson, D.S., and Lichtman, J.W. (2015). Clarifying Tissue Clearing. Cell 162, 246-257. 
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Abstract: Introduction 
Our aim is a microscopic investigation of fixed, optically cleared brain tissue to visualize gray 
matter cytoarchitecture. To achieve this we performed comparative experimental imaging using 
confocal laser scanning microscopy (CLSM), as well as two-photon laser scanning microscopy 
(TPLSM) [1]. 
Methods 
Formaline fixed, 3 mm thick pig brain samples were used. The clearing technique was a 
modified version of the FRUIT protocol (see Hildebrand et al., this conference [2]). DAPI (Carl 
Roth GmbH, Germany) was used for nuclear labelling. For imaging experiments a CLSM (Zeiss, 
AxioObserver LSM 780) was used, with a Plan-APO 10x/0.3 M27 objective. Excitation 
wavelength was 405 nm for DAPI. Laser power was 5-65 %. The field-of-view was 850.19 x 
850.19 µm and the frame rate was 0.032 frames/sec. The TPLSM, a Leica TCS SP5 MP (Leica 
Mikrosysteme Vertrieb GmbH, Germany), had a HXC APO L 20x / 1.00 W 2mm working 
distance water immersion objective. Excitation wavelength was 800 nm and laser power 6-45%. 
During the examination the field-of-view was 738.10 x 738.10 µm and the frame rate 0.781 
frames/sec. 
Results & Conclusion 
CLSM and TPLSM allowed the investigation of fixed, optical cleared brain tissue. With CLSM, 
cell nuclei (DAPI stained) were detected up to an imaging depth of approx. 600 µm within the 
sample (Fig 1c). TPLSM enabled the visualization of up to an imaging depth of more than 1 mm 
(Fig 1f) with showing stained nuclei (DAPI) throughout the complete sample thickness. We 
could show the advantage of TPLSM for neuroanatomical examinations of cleared brain samples 
for fluorescent labels with short excitation wavelengths. Future experiments with different 
optical clearing approaches could provide good imaging at depths of several millimeters. 
Figures 
Fig. 1: Brain samples were imaged with CLSM (A, C, E) and TPLSM (B, D, F). Imaging depths 
of the images are indicated in inserts. DAPI staining (nuclei, arrows) was visible up to an 
imaging depth of 600 µm using the CLSM (D) and up to approx. 900 µm with the TPLSM (F). 
Scale bars: 30 µm 
References 
1) Denk et al, 1990 
2) Hildebrand et al, this conference 
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Abstract: Introduction 
Recently optical clearing for 3D light microscopy of brain tissue is gaining attention in 
neuroscience. Some protocols that show a high clearing capacity remove the lipid components, 
making them incompatible with lipophilic dyes like DiI [1]. Approaches that leave lipid structures 
intact often show only limited clearing [2]. Here we compare clearing solutions based on the 
FRUIT protocol [3] for their ability to clear unperfused pig brain sections while still providing 
compatibility with DiI. 
Methods 
Three pig brain hemispheres were immersion fixed in 4 % PFA. Blocked hemispheres were cut 
into 3 mm coronal sections on a Leica VT 1000 S vibratome. For DiI staining, dye crystals were 
inserted into sulci of the slices, which were incubated at 37 ̊C for 4 months. DAPI staining was 
performed by incubating each slice in 6 ml of 1 µg/ml DAPI (CarlRoth) solution for 3 d at 4 ̊C. 
For clearing, stepwise (10 %, 20 %, 40 %, 60 %, 80 %, 100 %) immersion in 20 ml each was 
performed for all three protocols. For each 100 % solution composition was as follows 
(percentages given in w/v respectively): FRUIT: 0.5 % thioglycerol, 11 % urea, 100 % fructose; 
Thiolgycerol: 100 % thioglycerol; Variant 4: 20 % thioglycerol, 48 % urea, 38.46 % fructose, 37 
% sucrose, 3 % trehalose. Samples were incubated for 1 d (10 - 40 %), 2 d (60 %) and 3 d (80 - 
100 %) at RT respectively. Imaging of the samples was performed on a Zeiss AxioObserver 
LSM 780. 
Results & Conclusions 
The Thioglycerol protocol led to tissue degradation and degraded stainings. Adding non-
reducing sugars while increasing thioglycerol content up to 20 % in Variant 4, reduced the 
Maillard reaction and provided a high refractive index of 1.497. Clearing was superior to FRUIT 
and enabled deeper imaging of the DiI label. Filaments were visible to a depth of at least 1.5 mm 
and Somata for over 1 mm (Fig. 1a-d). No difference was seen for DAPI. We conclude that our 
FRUIT variant allows clearing samples with less Maillard reaction while leaving DiI labeling 
intact. 
References 
[1] Susaki, E. A., et al. (2015) 
[2] Ke, M. T. and T. Imai (2014) 
[3] Hou, B., et al. (2015) 



 

Disclosures:  S. Hildebrand: None. K. von Wangenheim: None. A. Roebroeck: 
None. R.A.W. Galuske: None. 

Poster 

651. Anatomical Techniques: Optical Tissue Clearing 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 651.07/NNN42 

Topic: I.03. Anatomical Methods 

Support: KIST Joing Research Lab 

Title: Combining CLARITY with mGRASP for brain-wide mapping of projections and synapses 
with light microscopy 

Authors: *S.-Y. KIM1, H.-E. PARK1, D.-J. KOO1, M. CHOE1, H. LEE2, J. KIM2;  
1Seoul Natl. Univ., Seoul, Korea, Republic of; 2Korea Inst. of Sci. and Technol., Seoul, Korea, 
Republic of 

Abstract: Complete mapping of neural connectivity across the mammalian brain (the 
"connectome") is a daunting and exciting prospect. Achieving this goal, even in its simplest 
form, requires the method that enables tracing and reconstruction of all neurites and their 
branches while determining the exact location and type of synapses. With relevance for this goal, 



various clearing and labeling techniques for large-scale tissues are emerging, including 
CLARITY, stochastic electrotransport and SWITCH (Chung et al., Nature 2013, Kim et al., 
PNAS 2015, Murray et al., Cell 2015). These techniques render the tissues transparent and enable 
rapid and multi-round labeling, which may allow for light microscope-based imaging of all 
neural cell bodies, their dendrites and short- and long-range projections across the entire brain. 
However, the cutting-edge light microscopes optimized for the large-scale samples cannot 
accurately detect nanometer-scale synapses, due to the diffraction limitations of light 
microscopy. Therefore, the tissue clearing and labeling techniques alone do not easily lend 
support to synapse-by-synapse mapping of the neural circuitry. To overcome this, we aim to 
combine the advanced form of tissue clearing and labeling techniques with mGRASP 
(mammalian GFP reconstruction across synaptic partners) (Kim et al., Nat Methods 2012). 
mGRASP is the technique that enables reliable detection of mammalian synapses with light 
microscopy, taking advantage of the complementation of split GFP partners across the synapse. 
Our goal is to develop a reliable tool for the detailed mapping of neural connectivity over the 
millimeter-range. 
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Abstract: Optical tissue clearing approaches started to revolutionize standard histology by 
allowing to image intact organs and organisms. Organic solvents used in 3DISCO1,2 including 



BABB or DBE known to achieve the highest level of transparency among all reported clearing 
approaches. Hence, already in last 1-2 years 3DISCO has been used to study immune cells3, stem 
cells4,5, cancer cells6,7 and transdifferentiating lung cells8. It has also been combined with deep 
tissue antibody labeling methods9,10. However, because 3DISCO quenches the signal from 
endogenous fluorescent proteins fast (half life of a few days)1, it was not applicable to large 
samples requiring longer clearing procedure such as adult rodent bodies. Here, we developed 
ultimate (u)DISCO clearing approach, which preserves the endogenous fluorescence signal 8-10 
times better compared to 3DISCO. uDISCO uses a novel tissue clearing method, which renders 
intact organs and rodent bodies transparent while reducing their size up to 65%, enabling 
standard light-sheet microscopy imaging on whole adult rodent bodies without physical 
sectioning. We used uDISCO to image neuronal connections and vasculature from head to toe 
over 7-10 centimeters and trace transplanted stem cells in an unbiased way throughout the entire 
bodies of adult mice. uDISCO is compatible with various labeling methods including virus 
tracing, antibody labeling and it is also applicable to over-fixed human tissues. Thus, uDISCO is 
a robust tissue-clearing method applicable to diverse biomedical purposes. 1. Erturk, A. et al. 
Nat Protoc 7, 1983-1995, (2012). 2. Erturk, A. et al. Nat Med 18, 166-171, (2012). 3. Liu, Z. et 
al. Nature 528, 225-230, (2015). 4. Acar, M. et al. Nature 526, 126-130, (2015). 5. Espinosa-
Medina, I. et al. Science 345, 87-90, (2014). 6. Oshimori, N. et al. Cell 160, 963-976, (2015). 7. 
Garofalo, S. et al. Nature communications 6, 6623, (2015). 8. Lafkas, D. et al. Nature 528, 127-
131, (2015). 9. Renier, N. et al. Cell 159, 896-910, (2014). 10. Belle, M. et al. Cell reports 9, 
1191-1201, (2014). 
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Abstract: Introduction: Recent advancement of laser microscopy and endogenous fluorescent 
tagging techniques has led to the development of many tissue clearing strategies, which render 
tissues optically transparent, allowing large blocks of unsectioned tissue to be visualised in 3D. 
Although there have been a few successful attempts at clearing of human brain tissue, challenges 
remain in achieving immunolabelling to a significant depth of the tissue, as well as clearing of 
large tissue blocks in densely myelinated brain regions. Therefore, we aim to develop an 
improved and simplified tissue clearing protocol for 3D visualisation of neurodegenerative 
pathology in the human brain. Methods: Fresh and formalin-fixed tissue from various regions in 
the human brain were processed and immunostained using CLARITY, 3DISCO and/or iDISCO. 
CLARITY-treated samples were immersed in different refractive index matching media before 
mounting and visualising under a confocal microscope. Results: We have optimised the 
CLARITY protocol for use on human tissue for the visualisation of Lewy pathology in 3D. 
Furthermore, by combination of different techniques, we have developed a novel tissue clearing 
protocol for human brain tissues, which improves immunolabeling and reduces the overall 
processing time from tissue fixation to immunostaining and visualisation to a minimum of 16 
days. Conclusions: A greatly simplified and more user-friendly tissue clearing protocol has been 
developed for the 3D visualisations of human brain tissue. However, further work is needed for 
the improvement in immunolabeling and clearing of archival formalin-fixed tissue materials. 
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Title: ACT-PRESTO: Rapid and consistent tissue clearing and labeling method for 3-
dimensional (3D) imaging 
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Abstract: Imaging cellular and subcellular structures in an intact organ or organism is a 
fundamental challenge in biology. Conventionally, this task has been approached by 
reconstructing immuno-labeled images taken from a series of tissue sections into a 3-dimensional 
structure. However, this approach is labor- and resource-intensive. A more critical limitation of 
this approach is that serial-image reconstructing is not accurate because physical sectioning 
distorts tissues and registration of two consecutive images is prone to errors. The recent advances 
of tissue clearing techniques allow visualization of cellular structures and neural networks inside 
of unsectioned whole tissue or even whole body. However, currently available protocols require 
long process time. Here, we present a rapid and highly reproducible ACT-PRESTO (active 
clarity technique-pressure related efficient and stable transfer of macromolecules into organs) 
method that renders tissue or whole-body clearing within a day while preserving tissue 
architecture and protein-based signals derived from endogenous fluorescent proteins. Moreover, 
ACT-PRESTO is compatible with conventional immunolabeling methods and expedites 
antibody penetration into thick specimens by applying pressure. Speed and consistency of this 
method will allow high-content mapping and analysis of normal and pathological features in 
intact organs and bodies.   
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Abstract: Here we describe 3D imaging of blood vessel patterning in the mouse CNS and 
investigate the quantitative properties of their branching pattern at different scales. A large 
variety of techniques have been tried for visualization of vascular structure, but with section 
staining, it was difficult to obtain the whole context of complicated structures. We apply a new 
technique to make tissue transparent which allows us to image the complicated blood vessels 
patterns in the CNS without losing information from sectioning. With these techniques and using 
confocal laser-scanning microscopy, we succeeded to image the brain to approximately 600 um 
in depth. The image is of enough contrast for quantitative assessment of the detailed structure of 
small blood vessels. We used these 3D image datasets to investigate the quantitative properties 
of brain blood vessels at different scales. This new assessment shows significant differences in 
the blood vessel patterning in different areas of the brain. Changes in total Cerebral blood flow 
with aging or neural stimulus has been observed using PET or MRI imaging. We will use these 
newly established assessment to investigate whether aging related or neural stimulus related 
brain state changes also induce blood vessel state differences in different areas of the brain. 
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Abstract: Recent advances in methods for optical tissue clearing have enabled 3D visualization 
of long-range neuronal circuitry and detailed cellular structures. These procedures remove lipid 
bilayers while preserving cellular proteins to ultimately render tissue transparent such that it can 
be fluorescently labeled and imaged. To date, few studies have applied these methods to human 
specimens. The Cognitive Neurology and Alzheimer’s Disease Center (CNADC) at 
Northwestern University seeks to optimize clearing protocols for application to postmortem 
human tissue with the aim of conducting large scale 3D analysis of anatomic and pathologic 
features of neurodegenerative diseases. We have successfully applied the “CLARITY” and 
“iDISCO” protocols to blocks of human motor and cerebellar cortices. Each method carries 
relative benefits and disadvantages, and our trials have enabled us to fine-tune these procedures 
for relatively large human sections. CLARITY, also known as Clear Lipid-exchanged 
Acrylamide-hybridized Rigid Imaging-compatible Tissue-hYdrogel is an aqueous-based 
clearing method that utilizes hydrogel embedding, detergent, and/or electrophoresis followed by 
antibody labeling to produce the desired effects. In contrast, the iDISCO method 
(Immunolabeling-enabled three-Dimensional Imaging of Solvent-Cleared Organs) starts with 
antibody labeling, followed by incubation of the tissue in a series of organic solvents to 
dehydrate and delipidate its content. Both methods produced ‘cleared’ (i.e. transparent) cortical 
and cerebellar tissue, with a high signal-to-noise ratio when imaged with a laser scanning 
confocal and multi-photon microscopes. When visualizing structures in 3D, we were able to 
render high resolution z-stacks that exceeded depths of 1mm. We also extended the application 
of our methods to brains with neurodegenerative disorders. Our immunolabeling method 
visualized neuronal, glial, and pathologic markers, including amyloid plaques, neurofibrillary 
tangles and TDP-43 inclusions. Overall, we present here methodologies for clearing human 
tissue that are invaluable to the study of neurodegenerative diseases. This will allow us to 
observe fine-scale anatomic distribution of pathology, and significantly inform systems-level 
understanding of intact and impaired cognitive functions. 
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Abstract: Whole-brain tissue clearing and microscopy imaging is a rapidly growing area of 
focus. We evaluated several tissue clearing and labeling approaches, such as iDISCO, 
CLARITY, PACT, and CUBIC, to label and visualize whole-brain memory traces in intact 
brains from the ArcCreERT2 mouse model. This model labels neural ensembles activated during 
memory encoding by expression of channelrhodopsin (ChR2)-enhanced yellow fluorescent 
protein (eYFP) and neural ensembles activated during memory retrieval by immunolabeling of 
Arc and/or c-Fos. Our goal was to develop a technique that allows for homogenous whole-brain 
clearing, immunolabeling, and imaging of both the densely expressed eYFP label and the sparser 
Arc/c-fos label. We first evaluated several protocols and found that the best results were 
achieved by iDISCO rather than CLARITY or PACT. However, using the original iDISCO 
protocol, uniform thick-tissue immunolabeling was achieved only for Arc/c-fos, but not for the 
densely expressed eYFP label. Next, we modified the original iDISCO protocol for compatibility 
with a GFP nanobody, a functionally similar but physically smaller alternative to a GFP IgG 
antibody. We found that the nanobody penetrated deep tissue better than its whole antibody 
counterpart, making it a potential candidate for improved eYFP iDISCO-based immunolabeling. 
Finally, we evaluated several clearing approaches for preservation of endogenous eYFP 
fluorescence and co-staining with Arc and/or c-fos. CUBIC (with reagent 1A) showed the best 
preservation of endogenous eYFP fluorescence, with compatibility for Arc immunolabeling in 
thick tissue sections. These results suggest iDISCO and/or CUBIC as the whole-brain clearing 
methods of choice for compatibility with the ArcCreERT2 mouse line. The use of these methods 
will provide a novel approach to studying memory traces across the entire brain and new insights 
into the circuits that underlie memory, cognition, and neuropsychiatric disorders. 
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Abstract: Neural implants for electrical recordings or stimulation are critical for studying neural 
circuits, for building brain computer interfaces, and for restoring brain function. Minimizing the 
tissue damage and foreign body reaction is key to the success of such implants. Most knowledge 
about the device-tissue interface is obtained with end-point methods such as histology. However, 
the ability to monitor the progression of the foreign body response in vivo and to correlate it to 
implant performance would greatly contribute to our understanding of the dynamics of the 
device-tissue interaction. 
To address this issue, we present an in vivo approach to (1) longitudinally image the cellular 
environment surrounding an implant, and (2) reliably record electrophysiological data from that 
implant. We used this tool to study the relation between the astrocytic reaction to a multisite 
single-shank silicon probe, and the stability of long-term neuronal recordings. 
We combined a chronic cranial window over the visual cortex with a functional probe in a 
transgenic mouse, expressing the green fluorescent protein (GFP) under control of the astrocyte-
specific Aldh1l1-promotor. Using a video-rate two-photon (2P) microscope, we imaged 500 µm² 
optical planes between 200 and 500 µm subdural weekly for 10 consecutive weeks. We corrected 
these images for variations in brain transparency and quantified GFP fluorescence around the 
probe as a measure for astrocyte reactivity. Before each imaging session, we recorded spiking 
activity under light ketamine anesthesia and calculated the average signal and noise amplitude in 
order to monitor the probe's performance. At the end of the experiment, we used confocal 
microscopy to image immunohistochemically labelled astrocytes (GFAP), microglia (IBA1) and 
nuclear DNA (DAPI) for each animal (N = 8). 
We found that 2P imaging can resolve astrocytic processes at the probe’s surface. The average 
fluorescence signal of both cell somas and processes did not show significant variation for 10 
weeks (one-way univariate ANOVA, p = 1,0). Similarly, noise and spike amplitude remained 
constant. The noise (12 µVrms on average) never reached the amplitude range of the spiking 
activity (123 µVpp on average). Finally, the histological markers did not show a marked build-up 



of inflammatory cells around the probe. 
We show that our approach provides a unique look into the cellular changes at the probe-tissue 
interface and allows us to longitudinally monitor the foreign body response while the probe is 
implanted. Moreover, our results indicate that a stable astrocytic response to an implant 
coincides with stable electrical recordings. 

Disclosures:  K. Mols: None. S. Musa: None. B. Nuttin: None. L. Lagae: None. V. Bonin: 
None. 

Poster 

652. New Assays for Monitoring Cells, Circuits, and Behavior 

Location: Halls B-H 

Time: Tuesday, November 15, 2016, 1:00 PM - 5:00 PM 

Program#/Poster#: 652.02/NNN50 

Topic: I.04. Physiological Methods 

Support: Ontario Brain Institute 

 NeuroDevNet Canadian Network of Centres of Excellence 

 Halbert Chair in Neural Repair and Regeneration 

 DeZwirek Foundation 

Title: A novel CNS white matter preparation for electrophysiological studies of myelinated and 
non-myelinated axons: the isolated corpus callosum from mouse brain 

Authors: *A. A. VELUMIAN1,4, L. LI1, M. SAMOILOVA1, M. G. FEHLINGS1,5,2,3;  
1Toronto Western Hosp. / Neurosurg., 2Krembil Neurosci. Ctr., 3Krembil Res. Inst., Univ. Hlth. 
Network, Toronto, ON, Canada; 4Departments of Surgery and Physiol., 5Dept. of Surgery, Univ. 
of Toronto, Toronto, ON, Canada 

Abstract: The axonal function in CNS white matter of laboratory animals is studied by 
recording compound action potentials (CAPs). In the optic nerve or dissected spinal cord white 
matter, reliable CAP recordings are done similar to peripheral nerves by using suction electrodes, 
grease gap or sucrose gap techniques for stimulation and recording of large axonal populations. 
The corpus callosum (CC), a major white matter structure interconnecting brain hemispheres, is 
extensively used for studying CNS axonal function. Unlike the optic nerve where all axons are 
myelinated, the CC contains also a large population of non-myelinated axons, making it 
particularly useful for studying both types of axons in various physiological and pathological 
conditions. CAP recordings in CC are typically done with extracellular microelectrodes that limit 



the recordings to a limited axonal population around the electrode tip. Here we introduce a novel 
robust isolated "nerve-like" CC preparation that allows for suction electrode stimulation and 
recording similar to approaches used in the optic nerve. Unlike microelectrode CAP recordings 
in brain slices or in vivo, where the CC CAP peaks representing myelinated and non-myelinated 
axons vary broadly in size, the "nerve-like" CC CAPs show stable reproducible ratios of these 
two main peaks, and also reveal a third peak, suggesting a distinct group of smaller caliber non-
myelinated axons. We will provide detailed characterization of "nerve-like" CC CAPs and 
conduction velocities of myelinated and non-myelinated axons within CC at different positions 
along the rostro-caudal axis of CC body. The "nerve-like" CC preparation has advantages for 
studying the changes in axonal conduction properties due to demyelination, which we will 
illustrate by comparing the CC CAPs in wild type and dysmyelinated shiverer mice. Similar to 
other nerve or nerve-like preparations, the isolated CC is useful for studying the effects of 
temperature, bath-applied drugs (4-aminopyridine) and ischemia (modeled by oxygen-glucose 
deprivation) on axonal function. Due to isolation from gray matter, the “nerve-like” CC 
preparation allows for studying the axonal function without "contamination" by reverberating 
signals from gray matter. Our analysis of "whole" CC CAPs in this nerve-like preparation 
reveals higher complexity of myelinated and non-myelinated axonal populations, not noticed 
earlier. This preparation may have a broad range of applications as a robust model for studying 
myelinated and non-myelinated axons of the CNS in various experimental models. 
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Abstract: Current studies of resting-state connectivity rely on coherent signal fluctuations at 
frequencies around 0.1 Hz, however, recent studies have shown that fluctuations above 0.5 Hz 
may exist. This may permit the observation of functional connectivity dynamics at even shorter 



time scales than is currently feasible at frequencies < 0.3 Hz. The current study replicates the 
feasibility of measuring high frequency (HF) correlations in six healthy controls and a patient 
with a brain tumor in left parietal lobe, while analyzing non-physiological sources via 
simulation. 
Resting-state data were acquired using a high-speed multi-slab echo-volumar imaging (MEVI) 
pulse sequence, which increases BOLD sensitivity compared to EPI (TR: 136 ms, spatial 
resolution: 4×4×6 mm3). Bandpass filtering of low frequency connectivity and physiological 
noise, in combination with a confound-tolerant sliding-window seed-based connectivity analysis 
(WSCA) using running mean/standard deviation was used to map HF correlations. Whole 
Brodmann areas (BA) and single voxels derived from peak correlations were used as seeds. 
Simulations of Rician noise and the underlying point-spread function (PSF) were analyzed to 
estimate baseline auto-correlation levels in the four networks studied (auditory, sensorimotor, 
visual, and default-mode). 
Only the auditory and default mode networks were observed to have HF correlations 
significantly above baseline auto-correlation levels when observed with BA seeds. When 
analyzed with peak voxel seeds, auditory was the only network to show extended or bilateral 
correlations. All other networks were restricted to PSFs. Additionally, HF auditory correlations 
in the tumor patient showed a spatial displacement anterior to the tumor, corresponding with a 
similar displacement observed at low frequencies. When seeded within the tumor itself, there 
were no HF correlations outside of the PSF, in contrast with a contralateral seed. 
This study demonstrates resting-state connectivity at frequencies > 0.5 Hz in the auditory and 
default-mode networks using sensitivity enhanced MEVI acquisition, confound tolerant WSCA 
and simulations of baseline autocorrelations. The displacement of high frequency correlation 
maps in the tumor patient as a result of the lesion further supports the physiological nature of 
observed high frequency correlations. While this does not rule out the possibility of visual and 
sensorimotor networks at high frequencies, their existence cannot be determined with the current 
SNR and temporal resolution limits of this study. Further studies are required to assess the origin 
of these high frequency correlations. 
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Abstract: Aims: Concurrent EEG and fMRI is increasingly used to characterize the spatial-
temporal dynamics of brain activity in neuroscience and clinical applications. However, most 
studies to date have been limited to using conventional echo-planar imaging. There is now 
increasing interest to integrate recently developed high-speed fMRI methods with high-density 
EEG arrays to increase temporal resolution and sensitivity for resting state fMRI and for 
detecting interictal spikes in patients with epilepsy. Methods: In this study we investigate 
radiofrequency related heating in concurrent high-density EEG and high-speed fMRI using three, 
clinical, 3 Tesla MR scanners from two different vendors equipped with a 64- and 256-channel 
MR-compatible EEG system comparing EPI, multi-echo EPI, MB-EPI and MS-EVI pulse 
sequences. In addition, EEG data quality was assessed on one of the scanners using a 64-channel 
EEG system. Data were collected in 10 healthy controls and 14 patients with epilepsy. Results: 
Radiofrequency heating at the surface of the EEG electrodes during 20 min scans did not exceed 
1.1o C. The EEG data quality during the MR scan was deteriorated compared to EEG outside of 
the scanner, primarily due to residual gradient artifacts and movement. The EEG quality was not 
significantly dependent on the fMRI method used, but a trend towards deterioration of the EEG 
quality with increasing short-term movement was found. Conclusion: This study demonstrates 
that high-density EEG can be safely implemented in conjunction with high-speed fMRI methods 
under the experimental conditions of this study, but deterioration of EEG quality inside the MR 
scanner may limit clinical applications. 
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Abstract: Neither blood oxygenation level dependent (BOLD) activation nor resting state 
magnetic resonance imaging (rsfMRI) signals in white matter have been well-established. 
However, growing evidence suggests reliable detection of white matter BOLD signals may be 
possible. We have reported the measurement of anisotropic resting state correlations within 
white matter that reveal an underlying functional structure. Recently, we introduced the concept 
of a functional correlation tensor (FCT) as a description of the functional architecture of white 
matter, purely on the basis of rsfMRI data. We find these FCTs delineate long range white matter 
tracts as well as short range sub-cortical fibers imaged at rest, suggesting temporal resting state 
signals may reflect intrinsic synchronizations of neural activity in white matter. In order to 
evaluate the neural basis of these correlated fluctuations, we assessed whether MRI signal 
fluctuations in white matter vary for different baseline levels of neural activity. Specifically, we 
performed imaging studies on live squirrel monkeys under different levels of isoflurane 
anesthesia at 9.4T. Our results showed that the power in both gray and white matter low 
frequencies decreased monotonically in similar manner with increasing levels of anesthesia. 
Moreover, the distribution of fractional anisotropy values of the functional tensors in white 
matter were significantly higher than those in gray matter. In addition, the functional tensor 
eigenvalues (i.e. greater nearest neighbor resting state correlations) decreased with increasing 
level of anesthesia. Overall, our results suggest that as anesthesia level changes baseline neural 
activity, white matter signal fluctuations behave similarly to those in gray matter, and functional 
tensors in white matter are affected in parallel. These findings confirm that BOLD-like signal 
fluctuations in white matter can be detected in a resting state, are anisotropic in nature, and 
consistent with underlying neural activity. 
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Title: Transcranial functional ultrasound imaging in freely-moving awake mice without contrast 
agent through the intact skull 
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Abstract: Ultrasensitive ultrasound Doppler imaging enables fMRI-like dynamic measurement 
of cerebral blood volume with high-sensitivity and has recently led to the development of 
functional ultrasound (fUS) imaging. fUS imaging is a powerful tool for measuring brain 
activation and connectivity through the neurovascular coupling with high spatiotemporal 
sampling (100 µm, 1 ms), Here we investigated the use of fUS imaging of mice, an important 
pre-clinical model. First we show that ultrasensitive Doppler imaging of the entire brain is 
possible directly and completely non-invasively through the intact skull and skin without contrast 
agents in anesthetized mice, regardless of age. Using a motorized probe, we also performed non-
invasive high-resolution 3D Doppler tomography in adult mice. Next, we demonstrate the 
feasibility of high-quality full-transcranial fUS imaging in awake and freely-moving mice in a 
minimally invasive setting. For this purpose we magnetically clipped a newly developed 
ultralight ultrasound probe to a small and flat metal frame that we fixed to the mouse skull. We 
have also developed a dedicated ultrasonic sequence to avoid a previously unreported specific 
muscle-related artifact in awake rodents. This setup allowed us to acquire full-depth high-
resolution images of the awake mouse brain vasculature as well as detect the activation of the 
barrel cortex during whisker stimulation. These results open new perspectives for the use of fUS 



imaging in imaging of behavioral studies and in non-invasive longitudinal studies of postnatal 
brain development. 
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Abstract: Many autism spectrum disorders (ASDs) have a genetic basis but it remains unclear 
how genetic modifications cause disease phenotypes such as social deficits and repetitive 
behaviors. We examined effects of mutations in ASD-linked genes on social behaviors of adult 
zebrafish. We focused on shoaling, a social behavior that can be elicited by visual stimuli. Using 
systematically modified movies, we found that attraction to shoals is modulated by skin 
pigmentation patterns, body size and aspect ratio. Wild-type fish and various mutants showed 
similar behavioral response profiles to modified fish movies. However, fish carrying mutations 
in shank3B and fish expressing a dominant-negative shank3B construct exhibited a sustained 
behavioral response to repeated stimuli, while responses of wild-type fish attenuated. To 



investigate the neuronal correlates of normal and abnormal social behaviors we have established 
a virtual-reality environment for head-fixed adult zebrafish. This approach will be used to 
analyze neuronal activity patterns in the forebrain during social behaviors by multiphoton 
calcium imaging. 
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Abstract: The safety pharmacology core battery investigates the effects of pharmaceuticals on 
vital systems including cardiovascular and central nervous system (CNS) function. CNS 
evaluation includes sensory/motor reflex responses, coordination and motor activity assessments. 
This study was conducted to evaluate cardiovascular changes during baseline performance in 
neurobehavioral tests and after treatment with pharmacological agents. Animals were implanted 
with telemetry units capable of monitoring blood pressure (BP) and heart rate (HR). After 
surgical recovery, startle response, rotarod performance and locomotor activity were tested. Rats 
were treated subcutaneously with amphetamine (AMPH, 2 mg/kg) and MK-801 (0.2 mg/kg) and 
intravenously with Diazepam (DIAZ, 10 mg/kg) on separate days prior to behavioral testing. 
Cardiovascular data and behavior were assessed prior to treatment to serve as the control. HR 
increases were demonstrated with handling and during behavioral tests. In general, HR decreased 
with habituation to the startle and motor activity tests over time. AMPH treatment impaired 
startle pre-pulse inhibition and increased locomotor activity. HR was elevated during startle and 
rotarod performance to the same magnitude as control levels. In the motor activity test, animals 
showed slight habituation over time though activity remained higher than control levels. HR 
showed less fluctuation compared to control levels and remained elevated throughout testing. 
DIAZ reduced HR from baseline, control levels, and reduced performance in both startle and 
motor activity. HR remained elevated by the loudest stimuli for a longer duration in the startle 



task compared to control levels. HR effects were reduced during rotarod testing and had an 
attenuated HR when initially placed into the motor activity apparatus. HR and BP were markedly 
increased with performance of all behavioral tests with MK-801 treatment; HR was increased by 
an average of 78%. However, HR spikes from handling and placement into each testing 
apparatus were minimized compared to control levels. MK-801 increased the magnitude of the 
startle response; animals were unable to perform on the rotarod, falling off almost instantly after 
placement. In the motor activity test, animals were ataxic and uncoordinated, and had a near 
complete suppression of rearing behavior. No habituation was evident with MK-801 treatment. 
The combined evaluation of cardiovascular and neurobehavioral testing allow for more 
comprehensive insight of drug effects in pharmaceutical safety testing. 
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Abstract: A functional observational battery (FOB) is typically performed in rodents to assess 
central nervous system integrity for drug safety. However, dogs and non-human primates are 
better models for certain drug classes. A comprehensive assay to evaluate central nervous system 
(CNS) integrity in the dog has not been extensively developed or used. Battelle has validated a 
series of approximately 32 home cage and open field tests for a rapid CNS screening in dogs. 
Home cage tests include looking for signs of lethargy, evaluating posture, tremor/convulsive 
activity, bizarre behaviors and response to handling. Open field testing consisted of evaluating 
gait, activity (number of squares entered on a floor grid and rearing), vocalization during the test, 



as well as their ability find and consume treats in the open field. The wheelbarrow response test 
and visual placing test were also conducted. Dogs were tested for palpebral reflex, pupillary 
diameter response, nystagmus reflex response, tactile response, acoustic startle and toe pinch for 
pain perception. Paw flexor withdraw and limb extensor thrust response were evaluated in each 
dog and body temperature was collected. It was shown that the FOB could be used successfully 
to identify and differentiate the behavioral effects of stimulants such as amphetamine (1.5 and 8 
mg/kg) and methylphenidate (0.5 mg/kg), and sedative agents such as butorphanol (0.4 mg/kg) 
and acepromazine (0.55 mg/kg) as compared to dogs treated with sterile water for injection. We 
have developed this FOB for drug screening in dogs that was based partially on an canine test 
battery described in the literature (Gad et al., 2003). Consistent with the Battelle rodent and NHP 
FOB models, data from the present study in Beagle dogs have shown an ability to discriminate 
the behavioral effects of different drug classes. A dog FOB testing paradigm may be a viable 
alternative to the NHP model for drug safety evaluation, especially for biologics. 
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Abstract: To understand the neural basis of complex behavior, animals are often trained to 
perform carefully controlled tasks, which is often difficult, labor intensive and costly. This limits 
both the complexity of behaviors that animals can be trained to perform, as well as the diversity 



of environments learned behaviors are probed in. These factors can impede progress in 
understanding complex behavior and in turn its neural bases. To avoid these problems, we 
developed a low cost, high-throughput system for conducting behavioral experiments in mice, 
which is easy to implement and use, together with associated analysis methods. Our system is 
based on the Python programming language and the Raspberry-Pi series of micro-controllers. 
Here, we present the architecture of the system, and proof of concept behavioral data from 
frequency and level discrimination tasks as well as tone in noise detection. We envision that the 
platform will prove useful in a variety of domains: training mice to perform complex tasks, fast 
screening of transgenics on standardized tasks, and systematic exploration of parameter spaces of 
simple tasks. Together these advantages should allow us to address more effectively the 
mechanisms underlying learned behavior and thereby their neural bases. 
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Abstract: Background: To identify, using fMRI BOLD activation maps, the brain regions and 
neural pathways activated during the execution of a willed movement and to quantify the 
functional connectivity of these regions.Methods:fMRI images (TR=1300ms) were obtained 
from 23 healthy volunteers who viewed alternately a green visual field for 50 seconds followed 
by a face for 10 seconds. Ten faces were presented serially in random order. Subjects were 
instructed to squeeze a ball with their right (dominant) hand if they perceived a face as 
unpleasant. BOLD activation maps were calculated using the Generalized Linear Model and 
brain regions activated during the execution of the willed movement were identified (p<0.05, 
AFNI software, NIH). fMRI and anatomical datasets were then loaded into the connectivity 
toolbox (conn, MATLAB) and functional connectivity strength (summed T-values) and number 
of connections were determined for these regions (p<0<05, FDR corrected).Results: In all 
subjects, five faces were perceived as unpleasant and elicited a willed motor response. Brain 



regions with highest BOLD activation during the motor response included visual cortex (VCx), 
precuneus (pCun), thalamus (Thal), lentiform nucleus (Lent), caudate (Cd), cingulate 
cortex(ACC and PCC), fusiform gyrus (FusG), insula (Ins), supplementary motor area (SMA), 
sensory cortex (SCx), motor cortex (MCx) and regions in the superior frontal gyrus (SFG) 
(figure 1A). Functional connectivity for MCx was extensive including VCx, SMA and SCx 
(figure 1B). Ins and MCx showed highest connection strength (339 and 324, respectively) 
followed by SCx and VCc (274 and 253, respectively) (figure 1C). Number of connections 
correlated significantly (R=0.84,p<0.001) with connectivity strength for these regions (figure 
1D). Conclusion: Execution of a willed movement in response to a visual stimulus perceived as 
unpleasant recruited a widespread network of brain regions. Motor cortex, sensory cortex, SMA, 
insula and visual cortex exhibited the largest connection strength and the greatest number of 
connections. 
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Abstract: Neuroanatomical connectivity is essential to understanding brain functions and 
diseases. Light microscopy and labeling methods have greatly impacted the progress of brain 
connectome. Quantitative analysis of fiber orientation and structural connectivity at cellular 
resolution have led to great challenges. Here, principal component analysis based structure tensor 
(pST) has been introduced for quantifying fiber architecture with tunable scale from micro- to 
macroscopic level. The pST method has allowed for deciphering fiber density, color-encoded 
orientation and fiber tractography based on developed software (e.g. DSI Studio). Tested with 
both Thy1-GFP and virus injection labeling mice datasets acquired with micro-optical sectioning 
tomography system, the proposed method enabled effective characterization of single 
axon/dendrite and ensemble of fibers in 3D space or even whole mouse brain. Compared with 
the conventional Hessian matrix based structure tensor analysis, our method exceled in accurate 
detection and computation efficacy. Thus, pST would be a helpful tool for fiber quantification 
and reliable validation of diffusion tensor imaging. 
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Abstract: Communication behaviors of non-human primates can be considered an evolutionary 
precursor for human social interactions and may serve as an important behavioral assay to study 
disorders in human social behaviors such as autism spectrum disorders. The common marmoset 
(Callithrix jacchus) is a highly vocal New World primate species that has emerged in recent 
years as a promising model system for studying neural basis of vocal communication. Marmosets 
live in social groups in their natural habitat and maintain a high level of social interactions 
between individuals in captivity through their vocalizations even. However, studies examining 
marmoset vocalizations so far have mostly focused on calls produced by individual animals or 
vocal exchanges between a pair of animals (e.g., antiphonal calling behavior). What has been 
missing is the characterization of vocal behaviors of marmosets in a richer social environment 
composed of a group of individuals. In order to fully understand vocal behaviors of marmosets, it 
is necessary to study call sequences generated by animals living in a social setting and quantify 
vocal exchanges among multiple animals. To tackle this problem, we have developed a behavior 
monitoring system in a large breeding colony that is capable of recording and analyzing 
vocalizations produced by multiple marmosets over a long period of time. By using parabolic 
microphones and miniature wireless microphones carried by individual marmosets, we are able 
to detect both loud and quiet calls in a noisy environment and identify individual callers when 
marmosets are either single-housed or group-housed. Our preliminary data demonstrate that 
marmosets preferentially communicate with a subset of other individuals through vocal 
exchanges. Such analyses enable experiments to study social interaction behaviors in this species 
and the neural substrates for vocal communication in a natural environment. 
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Abstract: Extracellular recordings of electric potential are a popular tool for investigations of 
brain activity on all scales, from single neurons, through populations, to the whole brains, in 
animals and humans, in vitro and in vivo. The specific information available in the recording 
depends on the physical settings of the system (brain+electrode). The more selective smaller 
electrodes are used to capture local information (spikes or local field potential, LFP) while larger 
electrodes are used for subdural recordings (ECoG), on the scalp (EEG), but also as depth 
electrodes in humans (SEEG). The advantages of extracellular electric potential are the ease of 
recording and its stability. Its problem is interpretation: long range of electric field implies high 
correlations between recording sites. Thus a typical recording reflects activity of many cells, 
populations and regions, depending on level. To overcome this problem we may reconstruct the 
distribution of current sources (CSD) underlying the measurement, which is typically done on 
systems level from multiple LFP on regular grids. 
We recently proposed a kernel-based method of CSD estimation from multiple LFP recordings 
from arbitrarily placed probes (i.e. not necessarily on a grid) which we called kernel Current 
Source Density (kCSD). In this overview we present the recent advances of this method, latest 
software implementations, and explain why it works. We also show two recent developments, 
skCSD (single cell kCSD) and kESI (kernel Electrophysiological Source Imaging). skCSD 
assumes that we know which part of the recorded signal comes from a given cell and we have 
access to the morphology of the cell. This could be achieved by patching a cell, driving it 
externally while recording the potential on a multielectrode array, injecting a dye, and 
reconstructing the morphology. In this case we know that the sources must be located on the cell 
and this information can be successfully used in source estimation. In kESI we consider 
simultaneous recordings with subdural ECoG (strip and grid electrodes) and with depth 
electrodes (SEEG). Such recordings are taken on some epileptic patients prepared for surgical 
removal of epileptogenic zone. When MR scan of the patient head is taken and the positions of 
the electrodes are known as well as the brain’s shape, the idea of kCSD can be applied to 
constrain the possible distribution of sources facilitating localization of the foci. 
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Abstract: Analyzing the change of functional brain connectivity in cognitive impairment during 
the course of Alzheimer disease (AD) is essential in terms of development of new network 
diagnose and therapeutic monitoring for AD. In this study, we developed the diagnostic method 
to assess metabolic brain connectivity for AD based on integrated brain imaging technologies. 
To analyze metabolic network, we acquired [18F] fluorodeoxyglucose positron emission 
tomography (FDG-PET) in the 4, 8, and 12 months old 5XFAD mice which overexpress human 
APP695 with the Swedish, Florida, and London mutations along with human PS1 harboring two 
FAD mutations. When metabolic images in AD model were directly compared with those in age-
matched control, no regional differences in the brain FDG uptake was observed. Then, persistent 
brain network homology was applied to investigate metabolic connectivity with a threshold-free 
approach and the difference between two networks was compared by single linkage distances 
(SLDs) in all pairwise nodes. Metabolic connectivity significantly decreased between globus 
pallidus and entorhinal cortex/ perirhinal cortex/ amygdala, amygdala and entorhinal cortex/ 
perirhinal cortex in the AD mouse. In conclusion, AD mice showed reduced connectivity among 
memory-related brain regions such as amygdala, entorhinal cortex and perirhinal cortex. These 
results suggest that this multiscale and threshold-free network analysis could be used to measure 
abnormal connectivity in the AD animal model as an imaging-based network biomarkers. 
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Abstract: White-matter tractography using diffusion-weighted MRI imaging (DWI) is widely 
used to study anatomical connections in the primate brain. Recent interest in 
corticothalamocortical circuits suggests that communication across cortex depends significantly 
on association thalamus . As a result, correct identification of anatomical pathways depends not 
only on identifying cortico-cortical tracts, but constituent thalamic relay tracts as well. Advances 
in multi-shell imaging sequences promise greater accuracy in reconstructing anatomical 
pathways. However, a direct in vivo comparison of single and multi-shell methods for 
tractography in non-human primate has not been previously reported. Here, we compare the 
efficacy of single-shell and multi-shell acquisition schemes for in vivo DWI tractography. To 
judge the effectiveness of single-shell and multi-shell acquisition schemes, we reconstructed 
known thalamocortical projections using a probabilistic tracking method designed to distinguish 
crossing fibers, segmented the thalamus according to the most likely cortical projection target for 
each voxel, and compared this classification to known thalamic subdivisions in the Paxinos atlas. 
Data were acquired with a 3T Siemens Allegra (Erlangen, Germany) using 3 elements out of a 4-
channel phased array from Nova Medical Inc. (Wilmington, MA) and 64 gradient directions. To 
correct for geometric distortions from field inhomogeneities caused by the non-zero off-
resonance fields, data was collected with reversed phase-encode blips, forming pairs of images 
with distortions going in opposite directions. From these pairs the susceptibility-induced off-
resonance field was estimated and the two images were combined into a single corrected one. 
We modeled fiber orientations for each voxel with up to two crossing fibers using a multi-shell 
model. We then obtained probable paths between the thalamus and each cortical target using 
FMRIB’s probtrackx tool for probabilistic diffusion tractography. For each voxel in the thalamus 
seed mask, 5000 samples were drawn from the probability distribution given by a resampling 
procedure on the crossing fibers. 
We found that single-shell acquisition underperformed the multi-shell acquisition scheme in 



thalamic segmentation. Our results indicate that current in vivo approaches to identifying large-
scale macrocircuits across macaque cortex for same-subject functional imaging and surgical 
targeting for electrophysiological recording can be improved using multishell DWI targeting. 
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Abstract: Introduction: Brain vessel segmentation is one of the most important tasks in image 
analysis for brain vasculature network study. Semi-automatic or automatic blood vessel region 
extraction approaches can provide useful information for image registration and three-
dimensional reconstruction in image post-processing procedure. Generally, classical way is to 
apply vessel enhancement filtering based on Hessian matrix. However, the design of accurate 
and efficient vessel segmentation algorithms is still challenging, due to the variety and 
complexity of images, especially in brain vessel segmentation. 
Methods: In this paper, the brain of new-born (5 days) C57BL/6J mouse was immunolabeled or 
traced tissues were cleared with BABB clearing method. The intact mouse brain was imaged by 
light-sheet microscope equipped with a sCMOS camera and 2x/NA 0.5, 6mm working distance 
dipping cap. Vessel Segmentation: In this paper, we present an approach that using the grey level 
of the pixel, Local binary pattern (LBP) and eigenvalues of Hessian matrix as feature vector. 
Support vector machine (SVM) was used to classify image pixels as background and foreground, 
then the outliers were removed to achieve the blood vessel segmentation. We also compared our 
approach with the segmentation results using Fuzzy Local Information C-Means Clustering 



(FLICM) with vessel enhancement filtering. The experimental results illustrated that our 
approach offer more classification precision than FLICM for acquired blood vessel images by 
light-sheet microscope. 
Conclusion: In this paper, a class-based method by combining the eigenvalues of Hessian matrix, 
LBP and the grey level of the pixel as feature vector was introduced. The SVM was chosen as a 
classifier, due to its robustness for small size, high dimensional and nonlinear samples. Only five 
features of the first four images were used for training sample, we have achieved more than 97% 
accuracy for vessel segmentation. The accuracy can be increased by adding more features, such 
as texture and intensity statistics features (Gray level co-occurrence matrix). 
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Abstract: Recent advances in fMRI analysis techniques have enabled exploration of stimulus-
locked network dynamics during complex natural stimuli (Simony et al., 2016). In this new 
method, correlations of timecourses are calculated between any two locations in the brain, 
exactly as in standard "functional connectivity"; however, instead of using two locations within 
the same brain, we use two locations in two different brains of participants viewing or listening 
to the same naturalistic stimulus (an audiovisual movie or auditory narrative). This modification 
results in a measure that is free from within-participant intrinsic noise, and locked to the stimulus 
input. Using this technique, termed "Inter-Subject Functional Correlation" (ISFC), we examine 
large-scale network dynamics in the brain during a 50-minute audiovisual movie. We assess the 
impact of adjusting the parameters of window size, dynamic calculation of clustering solutions as 
the movie storyline unfolds, and implement a mixed-membership clustering technique (Gopalan 
and Blei, 2013) in order to capture how the sharing of nodes between networks changes over 
time. All results are cross-validated in two independent groups of participants. We hope that the 



development and refinement of these techniques will enhance our ability to understand how 
networks reconfigure across time in real-world contexts. 
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Abstract: Calcium imaging is becoming an increasingly popular technology to indirectly 
measure activity patterns in local neuronal networks. Based on the dependence of calcium 
fluorescence on neuronal spiking, two-photon calcium imaging affords single-cell resolution of 
neuronal population activity. However, it is still difficult to reconstruct neuronal activity from 
complex calcium fluorescence traces, particularly for traces contaminated by noise. Here we 
propose a reconstruction method that applies Lq minimization approach and interval screening 
(LqIS). Lq minimization approach is a widely used technique for sparse signal reconstruction. In 
the designed model for reconstruction, several properties of the AP train including non-
negativity, sparsity, and firing rate are considered. The neuronal spike firings could be recovered 
from the complicated calcium fluorescence trace through Lq minimization. IS, introduced in our 
previous works, is used to screen out the spike interval so that the reconstruction method can 
only analyze the calcium trace in these effective intervals. This procedure could largely reduce 
the dimension of the reconstruction model. Results show that the introduction of IS vastly 
increases the speed of reconstruction. Compared to some available methods, like L1, Deconv and 
non-negative deconvolution (NNDeconv), the LqIS is superior in reconstructing neuronal burst 
activity from Ca2+ traces with low SNR. Moreover, we demonstrate that spikes can be 
automatically reconstructed from the calcium imaging data of a neuronal population with the 
LqIS approach. 
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Abstract: Effective directed influences among cortical areas vary over time and may even 
switch their dominant direction. Since local cortical circuits can be considered to be well 
described by stochastic dynamical systems, previous methods for estimating causal relations that 
are specialized for either stochastic or deterministic dynamical systems may yield misleading and 
contradictory results. Here we investigate a mathematically well defined approach for describing 
causal interactions (by Harnack&Pawelzik, arXiv) that can be used to estimate state dependent 
causal influences among stochastic dynamical systems from measured time series. We apply the 
novel method to simulated and to electrophysiological data and demonstrate that it in fact can 
reliably determine direction and strength of dynamic influences and reveal their time 
dependence. Comparisons with other methods including Granger Causality (Granger 1969) and 
Convergent Cross-Mapping (Sugihara et al., Science 2012) for estimating causal influences 
among deterministic dynamical systems reveal the abilities and limits of this novel method. 
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Abstract: The program for Brain Mapping by Integrated Neurotechnologies for Disease Studies 
(Brain/MINDS) aims to integrate heterogeneous big neuronal data of non-human primate, the 
common marmoset, for comprehensive understanding of neuronal network and its relation with 
human neuronal diseases. http://brainminds.jp/en/ To conduct this project as collaboration among 
institutions, an innovative mechanism to share big data on computer networks is needed. 
In this purpose, we have developed a neuroinformatics platform. It consists of two parts: one is 
the research platform with large-scale shared storage, HPC, VDI CLOUD and the other for data 
portal. In the research platform, every data is registered to and managed as metadata base. Data 
registration and sharing among users are operated from the research portal of the research 
platform. For the sake of analysis of the stored data, we designed the platform as an integrative 
analysis environment where analysis pipeline tools, HPC, VM and storage are directly linked 
though high-speed data-transfer system. This design enables to avoid troubles in big data transfer 
between the data server and clients. In this line, we also developed web brain atlas viewer, 
ZAViewer, for viewing heterogeneous images and python-base pipeline tool, SPyKGD, 
connecting the storage, HPC and VM. This design of the platform and tool development shall be 
veneficial in big data analysis not only in Brain/MINDS but also in large-scale brain projects. 
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Abstract: Investigations into the dynamics and consequences of whole-brain resting-state 
functional connectivity (FC) have provided insights into complex neural processes. In humans, 
such approaches have highlighted how FC changes across the brain during different cognitive 
and emotional states (Berman et al., 2014). Here we aimed to understand the mechanisms by 
which neural maturation and experience converge to construct cognitive circuits during 
development, thus guiding behavior. Specifically, we implemented resting-state fMRI FC 
analyses on the zebra finch songbird, a model organism of vocal learning. Male zebra finches 
learn to sing via social interactions during a sensitive period of development, much as children 
acquire speech. We hypothesized that unique FC signatures would be evident during key 
developmental time points in which tutor song memorization becomes possible. Therefore, we 
acquired structural and functional MRI scans for six male zebra finches, including three birds 
recorded longitudinally at key time points (day 25, day 45, and day 65 post-hatch) in addition to 
three fully developed adult males. We used Advanced Normalization Tools (ANTs; Avants et al., 
2011) to construct a custom, group-average structural template and to perform tissue 
segmentation and normalization. Denoising steps were completed using CONN Toolbox 
(Whitfield-Gabrieli & Nieto-Castanon, 2012). We conducted modularity analyses using the 
Brain Connectivity Toolbox (Rubinov & Sporns, 2010). Analyses for the group-averaged 
network identified an optimal modularity partition of six modules, which demonstrated a 
primarily anterior-posterior organization, as well as a pallial-subpallial organization. We 
compared within- and between-module FC across age groups. Regression analyses revealed 
increased within-module FC for module 6 (p = .02), a largely subpallial brain area, as a function 
of increasing age. Additionally, between-module FC was increased with age for modules 4 and 6 
(p = .003), 3 and 4 (p = .03), and 4 and 5 (p = .03). These results parallel prior findings of age-
related increases in modularity in humans. A larger sample size will enable us to investigate the 
finer scale dynamics occurring at individual developmental time points and how these relate to 
successful song learning. We also conducted a follow-up investigation using partial least-squares 
regression to predict voxel-wise functional connectivity strength via age group. This analysis 



revealed a significant first latent variable (p < .001), wherein adult males showed increased FC in 
the dorsal pallium relative to the three juvenile developmental time points that parallels our 
modularity results. 
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Abstract: Stroke is the fourth leading cause of death in the United States. Advances in magnetic 
resonance imaging (MRI) have improved diagnostic assessment of stroke-affected brain 
involvement where accurate quantification is believed important in diagnosis and monitoring 
therapeutic options. The ischemic penumbra represents a region of hypo-perfused and 
functionally impaired but viable brain tissue with potential for recovery. The identification of 
penumbra necessitates measuring areas of reduced blood flow and lesion volume where MR 
perfusion-diffusion mismatch provides a measure of tissue at risk. All experiments were 
approved by the Institutional Animal Care and Use Committee (IACUC) of the Ohio State 
University. C57/BL6 mice (n=6) underwent middle cerebral arterial occlusion (MCAO) surgery. 
MRI was performed 30 minutes after permanent MCAO on a 9.4T magnet. Localizer scans, local 
shimming using Fastmap and DWI images were acquired using a spin-echo sequence. A method 
based on the flow-sensitive alternating inversion recovery (FAIR) and a fast rapid acquisition 
with relaxation enhancement (RARE) were used to acquire images. Perfusion-diffusion 
mismatch method was used to identify the ischemic penumbra in animals maintained on medial 
air (room air, RA) during stroke and those maintained on 100% oxygen (supplemental oxygen, 



SO) during stroke. Importantly, SO is known to protect brain tissue from stroke-induced injury. 
At the acute time point of acquisition (30min post-occlusion), T2-weighted MR imaging was 
unable to resolve stroke-induced injury. Conversely, DWI was effective in quantitatively 
defining edema at this early time point in the stroke-affected brain. In post processing DWI 
images, thresholds were applied to delineate hyperintense regions indicative of stroke-induced 
injury. Compared to RA conditions, SO significantly increased the volume of the ischemic 
penumbra as evidenced by decreased DWI deficit without change in perfusion deficit. In the 
setting of ischemic stroke where “time is brain”, rapid identification of the ischemic penumbra 
may prove critical to optimize therapeutic intervention and delivery strategies. While the clinical 
utility of perfusion-diffusion mismatch remains to be realized, we demonstrate in a pre-clinical 
setting that PWI coupled with early stage infarct quantification from DWI enables acute 
determination of the ischemic penumbra.  
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